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Unique solid matrix! 
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with our SP6 System and SP6 rade 
ribonucleotides 


“Amershary’ snew SP6 System and SP6 Grade 
ribonucleotides give you: 


@ Sensitive detection: RNA hybridization 
os. probes of ~1-3 x 10°dpm/yg using our SP6 Grade 
 fa-"P] UTP, code PB.20383 or SP6 Grade 
la 32 PICTP, code PB.20382 (~800Ci/mmo)). 


@ Convenient formulation: ab: ; 

are specifically designed at high radioac 

concentration (20mCi/m)) to be used directly from es 
the vial. Fresh batches are pere cercos 
weekly, 


@ Choice of label: for 28g | label led RNA probes 

-we offer SP6 Grade [a-*°S] UTPaS, code SU.263 
(>400Ci/mmol at 1 Ome mi) giving probe specific 
activities of ~6.7 « 10°dpm/ug. 


. e Complete reliable system: our SP6 System, 
code RPN. 1506, contains all the major non- 
radioactive components required for up to 50 probe 
preparations or 20 RNA generation reactions using 
our tned and tested protocols. Reagents are 
rigorously tested to ensure consi istenthigh 
performance. 
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to b held atthe 
aza Hotel, Tokyo, 
20-22, 1986. 
ence will be 
by distinguished 
biologists from 
Ste tos, Europe 
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Walter Gehring (University 
of Basel) 

Richard Lerner /Scrzpps 
Clinic, La Jolla) 

Sydney Brenner 
(Laboratory of Molecular 
Biology, Cambridge} 


Susumu Tonegawa 


(Massachusetts Institute of 


Technology) 

Shosaku Numa (Kyoso 
University ) 

Tasuku Honjo (Kyoto 
University) 

Ken-ichi Matsubara 
(Osaka University) 

Yoshiki Hotta ( Uziversity of 
Tokyo) 

Mitsuaki Yoshida (Cancer 
Research Institute) 
Tadatsugu Taniguchi 


{Osaka University) 

| Hisayuki Matsuo (Miyazaéit 
Medical College) 

-Tokindo Okada/(Nz 


tional 
d stitute for Baste Biology) 






| The three main topics tobe 






Hanemann mah 
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covered by the conference 

are 

® Molecular 
biotechnology 

© Development and 

regulation 


| @ Immunology and 


virology 


| and the programme is being 


designed to provide an 


| opportunity for those 
working in industry, 

| medicine or academic 

| research to bring 


themselves up to the 
| forefront of research 


| through discussion with 

| world leaders. There will be 
| ample time for questions 

| and discussion. 

| Simultaneous translation 

| services into English and 


Japanese will be available. 


| Registration fees: 


-¥80,000 (before 30 November, 
1985) 
¥100,000 (after 1 December, 


1985) - 


































Full details are available from: 


Nature Conference 
Secretariat 

international Conference 
Organizers, Inc. 

103, Crescent Plaza 

4-6, Minami-Aoyama 2-chome 

Minato-ku 

Tokyo 107 

Japan 

Tel: 03-470-3766 

Fax: 03-405-8638 

Cable: CONFERENCEORGAR 

TOKYO 





A limited number of tickets 
for young people willbe 
available at 20,000 each. 
Those under the age of 35, 
who are Carrying out 
research in molecular 
biology or a related field and 
do not have access to funds 
to pay the full registration fee 
should write tothe Nature 
Conference Secretariat for 
an application form. 
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Pranary 
EEN 


CO, production 


Absorber 


ec | R R 
/ espiration Kate 
* Continuous measurement of Oy, CO. 
Air and respiraten rate over a 24 hour 


Flowmeter period in ml/kg of body weight/hour in 


STP units for 1 io 8 animals. 

* Prints results every four (4) minutes. 

« System adaptable to small or large 
animals. 

* Continuous airflow through systern. 

* High accuracy, >98% of full measuring 
range eg typical error 230 mi 
oxygen kg hour in 3000 mi oxygen/ 

ka hour range. 


RATS !! 
CARDIAC OUTPUT BY 
THERMODILUTION 


Cardiac Output 
Computer utilizes 
v3 and. 1/2 mm 
microprobes to 
measure cardiac 
outputin rats. The 
same instrument 
works with a variety 
of other catheters 
when measuring 
cardiac output on 
dogs, horses. of 
humans, Dye dilu- 
tion densitometer 
availabie as an 
option. 


\PPLE-II INTERFACE FOR EIGHT (8) 
_ ANIMAL ACTIVITY MONITORS. 


Multiple infrared beams monitor animal activity in 

the cage. Different animal cage sizes are available, 

seg 15° x 15° or Im x Im. Apple-i computer 
computes in periodic intervals” the following” 
‘information: total distance traveled, number of: 
rearings. patterns of movements, separate number 
of stereotypie and ambulatory movements, time 





Computer Controler’ Anirnal Cage IBI 


p for itos CAGES MNE | 

“STARTLE RESPONSE 

I MONITOR TESTS 
FOUR (4) ANIMALS 
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paralon The system alep includes an automahe printer 
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rotations and histograms for each of the above for 
each animal. 





PHONE: (614) 488-6176 
Reader Service No. 180 





spent ineach of 16 squares of “Open Field.” 'number {4 
-of entries dmo each square, left, right and partial f. 


O, consumption Apple-Thermometer 





“Thermex” interface converts Apple H 
computer into an automatic printing 16 
channel thermometer. Accuracy in 
biological temperature range is 1/10 degree 
C. Variety of rectal, intravenous, 
implantable probes, etc. available. Stores 
results on the floppy disk. Data transfer to 
host computers via RS-232 line possible. 
Applications: Prints and measures term 
perature in multiple animals, 
pyrogenic activity, blood 
flow distribution, etc. 


FEEDING & DRINKING 
MONITOR 


Eight electronic precision scales 


. interfaced to Apple-lf computer 
serve as solid or liquid food con- 
sumption sensors. 





ALSO FULL LINE OF: 


* Animal Activity Meters for 
Rodents, Fish and Insects 
* “Rota-Rod” System with 
Electric Shock Enticement 
-for Testing Endurance and 
‘Coordination 

x TV Camera Video Digitizer 
and Appile-ll Computer for 
Animal Activity and Social 
Contact Measurements 
(Automatic!) 


cx Animal Tremor Monitor 


* Anxio-Meter for Testing 
Anxiety (according. to 
Vogel principle). | 


* Shuttle Boxes!!! Comput- 4 


erized Reflex Conditioners | 
for Testing. Memory and 
Learning. 


COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION 


Supplier of individual instruments and total measuring systems. | 


950 N. HAGUE AVE.. COLUMBUS, OHIO 43204 U.S.A. 
TELEX: 246514 










Biotechnology is changing 


a 


Hanover presents the latest 








international developments. 





Within just a few years 
biotechnology has developed into a 
key technology which will 
undoubtedly become even more 
important in the future. 
Biotechnology already plays a 
major role in chemistry, 
pharmacology, nutrition and 
agriculture, as well as in the fields 
of energy and environmental 
protection. BIOTECHNICA’85 in 
Hanover will emphasize the 
importance of this revolutionary 
technology to future economic 
growth and development. 


An infemational 
congress 


28 internationally renowned 
authorities will deal with current 
problems, trends and developments 
(including scientific, practical 

and commercial aspects) in 
measurement, process control, the 
development of models and the 
application of computers, as well as 
biocatalysts, animal and plant cell 
cultures. 


Symposia - 
and workshops 


Research institutes, universities 
and firms will be able to present 
their research findings, bio- 
technical products and processes at 
symposia, lectures and in workshop 
sessions. BIOTECHNICA’85 will 
thus serve as a forum for practical 
and industrial applications based 
on the latest research findings. 


The congress and exhibition 
BIOTECHNICA will take place in 
conjunction with the Second 

US Symposium on Biotechnology, 
which is being sponsored by 
America’s two major biotechnology 
associations. 


In addition, there will be two 
symposia on state-funded research 
and venture capital. 


An international | 
exhibition 


Over 100 firms and research 
institutes will provide an insight 


‘into new biotechnological products 


and processes, as well as the latest 
developments in laboratory 
equipment and production 
techniques. 


The European Community as agreed 
to support BIOTECHNICA’85, and 


will also be represented with a 


stand displaying the results of 
EC-funded research. 











Come to BIOTECHNICA’85 Hanover 
for a detailed insight into currént 
developments in biotechnology. 


8th-10th October, 1985 
{st International Congress+ Exhibition 
for Biotechnology 





BID 


‘Technica’85 
Hannover 


-. b é 4 
Further information is available from: 


Deutsche Messe- und Ausstellungs-AG 
Abtig. „Neue Projekte” 

Messegelande, 

D-3000 Hannover 82 

Tel.: (611) 89-2720 
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Where 
iotechnology 


companies 
find the 
key to life 





aen LUEVe ctr ree 
for high-tech busi 
orhgnedbuiness | Paehnnola ant | 





with ultra modern buildings ` 
and land for customised factories. Rents start at £35 ® eG T 
a week and qualifying companies can benefit from 
maximum tax-free grants. Scientific support and 
advanced research facilities are available from Liverpool University and 
Polytechnic. And Wavertree couldn't be better STE with excellent 
road, rail, air and sea links. | 

So if you're in high-tech, why aren't you in Wavertree? 

Ring Stanton Fuller on 051-228 2722 for more information. 





Wavertree @ Technology Park, Dryden Road, ities L7 9PG. Tel: 051-228 22. 
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Technetium-99m radiopharmaceuticals 
are being increasingly used for 
in vivo diagnosis in nuclear medicine 


Our COMPLETE 
Tc-99m PROGRAM 
provides the basis for wide 
routine clinical application 


I3Mo SODIUM MOLYBDATE Hoh radiation purity 


Constant availability 


ROTOP-99Mo/99MTc ras oneal ardir 
STERILE GENERATOR gh el 


High in vivo stability 
Constant availability 
in connection with a 
technetium generator 


ROTO P-99mMTc | ABELIN G KITS Ease of preparation 


© cocommere 


GmbH - Binnen- und Aussenhandelsunternehmen 
fur radioaktive und stabile Isotope 

DDR - 1115 Berlin, Lindenberger Weg 70 

German Democratic Repubiic 
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MOLECULAR 
BIOLOGY 


Genes and 
Systems in 
Development 





You are invited to join a select group of participants and some of the 
world’s foremost speakers at NATURE’s fifth international conference. 





Presented in conjunction with the University of California at San Francisco. 


OCTOBER 7, 8, 9, 1985—SHERATON-PALACE HOTEL 


SAN FRANCISCO, 


CALIFORNIA 





The 1985 conference presented by NATURE, the 
international weekly journal of science, in association with 
the University of California at San Francisco will address 
what is perhaps the central unanswered question of biology 
today: How is the process of development directed by 
genes? 

For three days, you will meet and listen to preeminent scientists, 
physicians and biotechnologists describe their research and 
first-hand involvement in experimental approaches Involving the 
application of molecular biology to systems and organisms. 
Topics will include the diagnosis and therapy of genetic defects, 
homoeotic genes, yeast development, development of the 
immune system—including T-cell receptors—and the use of new 
biological materials in medicine and industry. Roundtable 
discussions will be held each afternoon to give delegates ample 
opportunity to mix with and question the speakers. Participants 
will have an opportunity to take part in detailed discussions and 
present their own ideas. Poster presentations are also being 
Invited. 


WHO SHOULD ATTEND 

senior Level Scientists, Medical Research Scientists, 
Biotechnologists, Scientific Policy Makers, R&D Scientists, 
Departmental Chairpeople. 


TO REGISTER FOR THE CONFERENCE 

Return the form with your check, credit card authorization, or an 
authorized purchase order. 

Full 3-day registration fee: $375.00 

Pay only $350.00 if you register before September 15. 
LOCATION 

The Sheraton-Palace Hotel located at 639 Market Street is 
convenient to the business and financial districts as well as 
downtown's most stylish shops and finest restaurants Since its 
opening in 1875, this elegant hotel has hosted such world figures 


as seven U.S. presidents, Winston Churchill, Nikita Krushchev, 
Sarah Bernhardt, Enrico Caruso and Oscar Wilde. 

ROOM RESERVATIONS 

A large block of rooms has been set aside for attendees at 
preferred rates. However, we suggest you make your 
reservations early as delegate places and accommodations are 


filling fast. Rooms can be reserved directly with the 


Sheraton-Palace Hotel by calling 800-325-3535. Be sure to 
mention your participation in the NATURE 1985 Conference to 
qualify for special rates: Singles: $95. Doubles. $105 and $115. 


CMEs WILL BE AWARDED 

Extended Programs in Medical Education of the University of 
California School of Medicine in San Francisco designates this 
continuing medical education activity for 18 credit hours in 
Category 1 of the Physician’s Recognition Award of the 
American Medical Association and the Certification Program of 
the California Medical Association. 


YOUR REGISTRATION FEE COULD BE TAX DEDUCTIBLE 


CONFERENCE DINNER 

Our gala Conference dinner will be held Tuesday, October 8, in 
the historic, glass-domed Garden Court. To insure seating, 
please include your dinner ticket requirements and payment of 
$29 50 per person with your registration. 


EXHIBITS 
Amajor exhibition of scientific products and services will be heid 
in conjunction with the Conference. 


POSTER SESSIONS 

To have your poster considered, please include a working title 
and brief synopsis of your topic and send to Posters Editor, 
Nature Publishing Company, 65 Bleecker Street, New York, 
10012 


FINAL PROGRAMME 


Genes and Systems in Development: Nature Update 
in Molecular Biology, Sheraton Palace Hotel, San | 


Francisco, 7-9 October 1985. 





DAY 1 MONDAY, 7 OCTOBER 
845-850 Chairman 
850-940 Drosophila eariy development 


Genetic control of Drosophila 


9 40-10 30 
development 

10 30-1110 COFFEE 

11 10-12 00 Comparative expression of 

homeobox genes in fly and 

mouse 

12 00-1.30 LUNCH 

130 Chairman 

130-215 Cytoplasmic localizations inthe 
amphibian egg 

215-300 Genes that control nematode cell 
lineage 

300-400 ROUND TABLE with day’s 
speakers 

400-430 TEA , 

430-530 Closing talk 


C. Nusslein-Vothard, 
Max Planck, Tubingen 


D. Hogness, Stanford 
University 2 


W. McGinnis, Yale 
University 


J. Gerhart, University of 
California, Berkeley 
H.R. Horvitz, 
Massachusetts Institute 
of Technology 


G. Stent, University of 
Calitornia, Berkeley 


DAY 2 TUESDAY, 8 OCTOBER y 
8 45-850 Chairman i f 
8 50-940 A master regulatory locus that 


determines cell specialization in , 


yeast 


9 40-10 30 Regulatory proteins in bacteria 
and yeast 


10 30-11 10 CORPER 


I. Herskowitz, 
University of California, 
San Francisco- 

M. Ptashne, Harvard 
University 


4 00-4 30 


t 
l 


11 10-12 00 'Simple and combinatorial 
regulation of gene transcription 


$ 
t 


{2 00-1 30 ¡LUNCH 
130 Chairman ' 


130-2 15 
transfer 


215-300 ‘Models for human gene therapy 


‘ROUND TABLE with day’s 
speakers 

TEA 

Ciosing talk 


3 00-4 00 


4 30-5 30 





K. Yamamoto, 


University of California, 


San Francisco 


Control of animal growth by gene A. Palmiter, University 


of Washington, Seattle 


T. Friedmann, 
University of California, 
San Diego 


E. Jaworski, Monsanto 
Company 


DAY 3 WEDNESDAY, 9 OCTOBER 


845-850 Chairman 
850-940 , Structure analysis of T-cell 
r recognition 
9 40-10 30 Expression of immunoglobulin 
genes in transgenic mice 
10 30-1110 COFFEE ' 
1110-12 00 Proto-oncogenes: the good and 
the bad, 
12 00-130 LUNCH 
130 Chairman 
130-215 Celirecognition during neuronal 
development 
215-300 Molecular insights into 
, mammalian systems 
300-400 ROUNDTABLE with day's 
speakers ; 
4.00-430 TEA 
4 30-530 Closing talk 


M. Davis, Stanford 
University 


U. Storb, University of 
Washington, Seattle 


J.M. Bishop, University 
of California, San 
Francisco : 


C. Goodman, Stanford 
University 


F. Bloom, Research 
Institute of Scripps 
Clinic 


D.W. Martin, Genentech 


SAVE $25 
IF YOU | 
REGISTER 
BEFORE 
SEPT. 15! 





« 
a 


CITY, 


My check for $ 
Charge my credit card as shown. 


REGISTRATION FORM 


To register for NATURE UPDATE IN MOLECULAR BIOLOGY 1985, mail this form 
Hih eee ah to: NATURE PUBLISHING COMPANY, 65 Bleecker Street, New 
ork 0012 


(Photocopy this form for additional applications.} w 


Please reserve Conference registration(s) in the name of: (please type or 


print) 


NAME 
COMPANY/INSTITUTION 


ADDRESS 


Credit card number 


enh (as it appears on card) 


at the Tuesday Conference dinner in the name of: 


STATE ZIP 


I understand that as a paid conference participant, | may attend all sessions and receive all 
programs and other materials. 


is enclosed. 


O Amex [Visa [J] Mastercard 
-Expiration date 
{ ? 
O Bilme. O BiN my 


ane pon 


NAT 2 


seats 
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Progress in science... and the people behind it 


SURFACE AND INTERFACIAL ` MECHANISMS OF INORGANIC 


ASPECTS OF BIOMEDICAL 


POLYMERS 
edited by Joseph D. Andrade 


Volume 1 
Surface Chemistry and Physics 


A splendid introduction to the study of the interaction of 
polymers with hving systems, biochemicals, and aqueous 
solutions t 


0-306-41741-3/486 pp./ll /1985 
$69 50 ($83.40 outside US & Canada) 


text adoption price on orders of six or more copies $42 50 


Volume 2 
Protein Adsorption 


The contributors to this volume clarify the new approaches, 
techniques, and models used to study proteins at interfaces. 
emphasizing adsorption from single-protein solutions. 
0-306-41742-1/337 pp. + index/ill./1985 

$49 50 ($59.40 outside US & Canada) a : 


text adoption price on orders of six or more copies $32.50 


AND ORGANOMETALLIC 


REACTIONS >Volume 3 
edited by M. V. Twigg 


From a review of Volume 2: 

quite useful to individuals such as graduate students . . . 
or more senior researchers the senes should be on the 
subscription list of every complete chemical reference library.” 

—Journal of the American Chemical Soctety 

This series provides a continuing critical review of the whole ~ 
range of primary literature concerned with the mechanisms of 
inorganic and organometallic reactions in solution. Volume 3 
covers the literature for July 1982—December 1983 inclusive. 
Q0-306-41960-2/538 pp./ll./1985 
$69 50 ($83 40 outside US & Canada) 


THE JOY OF SCIENCE . 


Excellence and Its Rewards 
by Carl J. Sindermann 


“An engaging picture of science as it really is.” 
—Grant Gross, National Science Foundation 


j 


“Delightful, insightful, witty © 
—Cecil Reynolds, Texas A&M University 
An account of the men and women who may never get invitéd 
to late evening television talk shows or nominated for a Nobel 
prize, but who are making significant contributions to science 
A fascinating new book by the author of Winning the Games 
Scientists Play ` 


0-306:42035-X/278 pp /1985 
$16.95($20 34 outside US & Canada) 


i 


Pienum Publishing Corporation 


233 Spring Street 


THE LANGUAGE OF SCIENCE 
Pleni n vo~” 10012 


PUBLISHING CORPORATION in the United Kingdom 
88/90 Middlesex Street 


London E1 7EZ, England 


, 





Reader Service No.1 


| Biotechnology & emoe 
Genetic Engineering Reviews 
Volume 3 | 13 MAJOR REVIEWS IN VOLUME 3 


Microbiological inventions and the patent law — the international dimension. 
The properties of fungal and bacterial cellulases with comment on their production 
Editor GordonE Russell 
Emeritus Professor of Agricultural Biology, 


. and application. 
Methylotrophs for biotechnology: methanol as a raw material for fermentative 
University of Newcastle upon Tyne 
Hardback: xiv + 478pp. Published: September 1985 


production. 
ISBN 0 946707 04 9; ISSN 0264-8725 






Extractive bioconversions with emphasis on solvent production. 
Opportunities for biotechnology in food processing. 
Present and future applications of lipases. 
Price. £80.00 (US$99.00) from Booksellers & -Lactamases: molecular studies. __ 
Library Suppliers or from the Publishers: ow-molecular-weight immunomodifiers produced by micro-organisms. 
The molecular genetics of human monogenic diseases, 
INTERCEPT LIMITED Myotonic dystrophy and gene mapping on human chromosome 19. 
PO Box 2, Ponteland, The physiological significance of citric dad in the control of metabolism in 
Newcastle upon Tyne lipid-accumulating yeasts. — 
NE20 9EB England Heterologous gene expression in Saccharomyces cerevisiae. 
Fungus Culture Collections as a biotechnological resource. 
Volume 2 (October 1984 — £60.00; US$79.00) contains the following major reviews: 
The impact of new technologies on vaccine development, Plant-cell culture: natural products and industnal application, .Recombinant 
DNA technology and genetic control of pest insects; Recent research on the development of microbial strains for amino acid production; 
Genetic engineering in Bacillus subtilis; Strategies for improvement of wheat grain quality using molecular genetics, Production of 
pentoses by micro-organisms; Interferon synthesis by micro-organisms; High rate anaerobic waste-water treatment using the UASB ` 
reactor under a wide range of temperature conditions; RE ahs ‘protein; Possible developments in microbial and other sensors for 
fermentation control; Biochemical genetics of the bacterial insect-control agent Bacillus thuringiensis: basic principles and prospects 
for genetic engmeering; Inhibition of alcoholic fermentation; Recombinant vaccinia viruses as new live vaccines, Developments in 
immobilized-enzyme technology 
SOME COMMENTS ON VOLUMES 1 & 2 
“s... wealth of well-edited and topical information” (New Scientist) 
«,. excellent chapters on enzymes, on biosensors and waste treatment, as well as waste recovery” (Food Technology) 
“,. all the chapters are eminently readable” (Society for General Microbiology Quarterly} 
“,.. Stmulating and informative.. well indexed” (The Digest} 
“. ,, libranes serving university departments of biochemiétry and microbiology should have it , . , This series shows biotechnology both 
as a high quality science and as an important and valuable industrial activity” (Nature) 


Reader Service No.15 


ANNOUNCING A MAJOR NEW JOURNAL 





LIQUID CRYSTALS 


an international journal in the field of anisotropic fluids 


EDITORS 
Professor G.R. Luckhurst, 


Department of Chemistry, The University, Southampton SO9 SNH, UK. 


Professor E.T. Samulski, 


Institute of Materials Science, U-136, University of Connecticut, Conn 06268, USA. 


LIQUID CRYSTALS is being launched in response 
to the need for a journal of quality, published 
regularly at a realistic price, to act as a forum for 
new research in the rapidly a field of liquid 
crystals. 


LIQUID CRYSTALS will provide the scientific. 


community and the industrial sector with a publication 
of international standing; this standing guaranteed 
by the Editors and the Editorial Board who are 
active scientists in the liquid crystal community. 
The journal will contain original research, 
published as full papers or preliminary 
communications which will be subjected to strict 
refereeing. In addition, invited articles on topics of 
particular timeliness will be included in the journal. 


LIQUID CRYSTALS will contain experimental 
and theoretical studies of liquid crystals, together 
with their synthesis and applications. The range of 
materials is extremely wide and encompasses: 


thermotropics 

lyotropics 

membranes 

micelles 

liquid crystal polymers 
quasi liquid crystals 
Langmuir-Blodgett films 


LIQUID CRYSTALS will be abstracted in Current 
Contents, Chemical Abstracts, Current Bibliography 
on Science and Technology, Current Papers in 
Physics and Physics Abstracts. 


Taylor & Francis, 
eM and Philadelphia 


Reader Service No.16 


The first issue of LIQUID CRYSTALS will 
appear in February 1986, and alternate months 
thereafter; if the contributions to the journal grow 
in line with the interest in the subject, the frequency 
will be increased accordingly. 


INVITATION TO AUTHORS 


The Editors invite the submission of manuscripts 
for publication. These should be full papers reporting 
original research, which will be published, on 
average, six months from receipt, or preliminary 
communications on current projects, for more rapid 
publication. Detailed instructions for authors can 
be obtained from the Editors or the publisher. 


Authors of published material will receive 50 free 
offprints and there are no page charges. Facilities 
for colour printing are available, and papers can be 
published in either English, French or German. 


SUBSCRIPTION INFORMATION | 
LIQUID CRYSTALS will be published bi- 
monthly. First issue: February 1986. 


Annual subscription for Volume 1, 1986: 
£90, DM360 or $160. 


Free sample copies of the first issue will be 
provided on request. 





Rankine Road, Basingstoke, 
Hants RG24 OPR Tel: (0256) 468011 


242 Cherry St, Philadelphia, 
PA 19106-1906 Tel: (215) 238-0939 


ł 





ISOTOPES AND RADIATION IN 
AGRICULTURAL SCIENCES. | 
Edited by M.F. L’Annuziata and J.O. Legg 


Volume 1: Soil-Piant-Water Relationships 
1984, 336pp , $60 00/£40 00 (UK only), ISBN 0 12.436601 5 


Volume 2: Animals, Plants, Food and the Environment 
1984, 384pp , $75 00/£50 00 (UK only), ISBN: 0 12,436602.3 


Set Price for Volumes 1 and 2: $110 00/£73 00 (UK only) (£135.00/£90 00 (UK 
only) acuta separately) Set prices do not apply in Australia and New 
Zeaian ' 


CONTENTS (Volume 1): 

R.G. Menzel, S.J. Smith: Soil Ferulity and Plant Nutrition. D.R. Nielson, D.K., Cassel: 
Soil Water Management J.N. Ladd, J.K. Martin: Soil Organic Matter Studies, D.C. 
Wolf, J.O. Legg: Soil Microbiology M.F. L'Annunziata: The Detection and 
Measurement of Radionuclides R. Fledler: The Measurement of PN 

CONTENTS (Volume 2): 

J. Coombs: Crop Physiology W.J. Kloft: Entomology, M.F. L’Annunziata: 
Agricultural Biochemistry. F.W. Lengemann, F.A. Kallfelz: Animal Health and 
Production F. Fuhr: Agricultural Pesticide Residues Th. Grunewald: Food 
Preservation 


MEDICINAL CHEMISTRY 


The Role of Organic Chemistry in Drug Research 
Edited by S.M. Roberts and B.J. Price 
October 1985, 326pp , In Preparation, ISBN 0 12 589730 8 


This volume 1s designed as an introduction to how some of the currently important 
and widely used drug substances were discovered, and specifically to the role of the 
organic chemist in the interdisciplinary teams involved in drug research Eleven 
subjects Gncluding commonly used antiasthmatic, antihypertensive and antimicro- 
bial agents) have been chosen to exemplify the various processes of drug discovery, 
each of which ıs detailed by a chemust intimately involved in the research programme 
Much of the research described has led to the development of widely prescribed, 
“household name” drug substances 


Best Synthetic Methods 


SERIES EDITORS: O. Meth-Cohn, 
A.R. Katritzky, C.W. Rees 


Best Synthetic Methods ts a new series designed for the practising organic chemist, 
providing working details of methods to be applied to the synthesis of organic 
compounds Each volume will focus on a specific topic, giving preparations, detailed 
examples and practical hints The volumes are intended for use in the laboratory 


PALLADIGM REAGENTS IN ORGANIC 
SYNTHESES 


R. F. Heck 
June 1985, 452pp . $95 00/£85 00 (UK only), ISBN 0.12 336140 0 


CONTENTS: 

Palladium Reagents and Palladium Recovery Double Bond lsomenization Palladium- 
Catalyzed Molecular Rearrangements Palladium-Catalyzed Oxidation of Alkenes, 
Alkynes Benzylic Carbons, Carbonyl Compounds and Alcohols Palladium Assisted 
Substitution and Elimmation Reactions at Allylic Carbons Palladium Assisted 
Couplings of Aryl, Alkenyl, Allyl and Alkyl Derivatives Palladium-Assisted Dimeriz- 
ations and Olgomenzations of Alkenes, Dienes and Alkynes. Palladiurm-Catalyzed 
Carbonylattons and Decarbonylations Palladium Promoted Cyclopropanations. 
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France in trouble at Auckland 


French security agents, innocent or otherwise of the sinking of Rainbow Warrior, have done more for 
Greenpeace than any other publicity stunt has done. Not only France will suffer. 
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THE only certain outcome of the assorted escapades of French, 
secret agents in New Zealand earlier this year is the reverse of 
what was intended: Greenpeace, the organization whose char- 
tered trawler was sunk in Auckland harbour on 10 July, has been 
made much better known than could ever have: been accom- 
plished by its own publicity stunts. It is a fair guess that when the 
time next comes for the organization to hire a vessel to attend on 
a seal- -culling i in Canada (or elsewhere), the dumping of some 
material in the sea or the explosion of nuclear weapons beneath 
Pacific atolls, there will be even less difficulty than there seems 
to have been in the past in raising the charter fee. And these 
_unintended side-effects apart, the sinking of Rainbow Warrior 
and the consequent death of a photographer with the ship has 
disreputably made respectable an organization whose claims on 
serious public attention have hitherto been only marginal. Not 
only the government of France will rue that development. 
Greenpeace, is a kind of maritime version of most environ- 
mentalist action groups. Just as terrestrial environmentalists will 
lie down in front of bulldozers bent on building a new airport 
runway, so Greenpeace will send ships-to make a nuisance of 
themselves at places in the sea where unwelcome operations are 
intended. Usually, given the traditional freedom of the seas, 
Greenpeace ships stay within the letter of the law. In some 
connections, these activities may even be valuable; it will be 
interesting to see what will come out of the planned attempt to 
monitor Iceland’s decision to capture up to 500 whales in the 
North Atlantic during the coming year in the interests of what is 
said to be “research”. But the case for sending ships to the 


French nuclear testing site in the Pacific can consist only of the . 


wish, by publicity attendant on trouble, to make better known 
what most people know already, that France is a nuclear power, 
like Britain,.China, the Soviet Union and the United States. But 
nothing in the planned expedition to Mururoa’ Atoll will do 
much to give wider currency to the reprehensible feature of 
France’s nuclear policy, its apparently unchanging decision to 
stay outside the framework of the:Non-Proliferation Treaty (and 
no maritime expedition could hope to do the same in respect of 
China, a non-member that conducts nuclear tests beneath dry 
land). 
To the extent that what is called “action” of the kind intended 
_at Mururoa functions only by the publicity it engenders, and 
because the publicity invariably takes the familiar line of the 
David versus Goliath story (brave voluntary organization 
chased off by government might), the result is usually to muddy 
public discussion of important issues. The plain truth is that what 
France is doing at Mururoa is just as consistent with internation- 
al law as the testing programmes pursued openly by the four 
other nuclear powers. Moreover, there is not the slightest possi- 
bility that these programmes, symptoms as they are of military 
reliance on nuclear power, will go away until there is some 
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general agreement among the major powers on the role of 
nuclear power in military security. That is one important issue 
running through the series of negotiations now under way at 
Geneva, the review conference of the Non-Proliferation Treaty 
among them. Before the sinking of Rainbow Warrior, the 
seriousness of Greenpeace’s motives was rightly questioned. 
Now, the general wave of outrage that such a thing should have 
happened will lend spurious credence to a dubious business. Can 
that be what France intended? 

None of this implies that French agents were actually re- 
sponsible for planting the two limpet mines that sank Rainbow 
Warrior. That question is unlikely to be settled even at the trial 
of the two agents arrested in Auckland on 17 July and due to 
reappear in the New Zealand courts on 4 November. But.the 
issue has certainly not been laid to rest by last week’s report by 
M. Bernard Tricot to the President of France, M. Francois 
Mitterrand, the most striking characteristic of which is its lack of 
judicial authority. M. Tricot’s report makes plain the reasons 
why at least six agents were sent to New Zealand, as given by the 
officials to whom he spoke. The report goes on to acknowledge 
that the’circumstances of this substantial French secret presence 
in New Zealand is open to sinister interpretation but then pro- 
ceeds to give the opinion that these unwelcome interpretations 
are improbable. M. Tricot says that while the orders given in 
writing to the agents may have been ambiguous (depending on 
whether the French verb anticiper is read as transitive or intran- 
sitive), he thinks it unlikely that they will have been understood 
as instructions to sink the ship, and that the chances of their 
having been stiffened verbally are small. Similarly, he adduces 
circumstantial evidence for thinking that the two separate 
groups of agents could have colluded to sink Rainbow Warrior, 
but there is nothing in his report to suggest that the agents to 
whom he had access were cross-questioned on the matter. The 
report is unconvincing because of the internal evidence that M. 
Tricot’s enquiries stopped short at the point at which they might 
have become embarrassing. No report at all would have been 


wiser. 
Curiously, neither M. Tricot nor the spokesmen who have 
since been giving official interpretations of the Rainbow Warrior 
affair have dealt with the most disturbing of its features, the 
assumption (by France, on this occasion) that it is entirely per- 
missible for governments to send their secret agents to take up 
clandestine residence in ostensibly friendly countries. It is true, 
of course, that for many years New Zealand has been complain- 
ing about French activities at Mururoa; now the ASEAN group 
of south-east Pacific governments led by Australia and New 
Zealand is trying to create a non-nuclear zone in the region, at 
least in part because they hope to shame France into com- 
pliance. But 1s that a sufficient reason why France should kit out 
agents with fake passports to spend what must have been a fake 
vacation in New Zealand? Without apparently telling Mr David 
Lange or his officials what was afoot? There can hardly, in 
retrospect, have been a more sure recipe for deepening hostility 
between France and the governments of the south-east Pacific. 
And there can hardly be a better reason why some general code 
of conduct for secret agents should be part of an agreement 
between governments designed to make the world a safer and 
more seemly place (see Nature 29 August, p.753). Oo 
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Advancing science? 


Australia, Britain and New Zealand have more 
in common than is apparent. 


BRITAIN and Australia are at opposite ends of the Earth, but 
that does not entirely explain why there should apparently have 
been such a contrast between the mood of the autumnal meeting 
of the British Association for the Advancement of Science (BA) 
at Glasgow and the meeting in Melbourne last week of its 
antipodean equivalent, the Australian and New Zealand Asso- 
ciation for the Advancement of Science (ANZAAS). Nor is it a 
sufficient explanation that the two scientific communities have 
been differently dealt with by the governments that support 
them; the British scentific enterprise has been under pressure 
for years, but the Australian government was last year just as 
beastly to publicly-supported science, while that of New Zea- 
land nurses foolish ambitions to make much of its public science 
earn a living from the private sector. Indeed, in all three coun- 
tries, there is now a general clamour from outside the research 
community that creative people should be more diligent in the 
future than has been their custom to see that intellectual innova- 
tions become saleable products as quickly as possible. (Mostly, 
the three scientific communities concerned seem willing to re- 
spond.) The true explanation for the gloom at Glasgow is that 
given by Sir Hans Kornberg, the retiring president of the BA, in 
his presidential address (see p. 4); morale in Britain is ın poor 
shape, and there is nothing in sight to suggest recovery is round 
the corner; in Australia and New Zealand, by contrast, hope of 
improvement persists, fortified by this year’s Australian budget 
with its sensible if modest increases for some kinds of support 

The British problem is too deep-seated to be as easily re- 
solved. And money is not everything. Sir Hans Kornberg made 
that clear last week, by acknowledging that even an improbable 
decision by the British government that there should be an 
increase in the support for science sufficient to restore the sense 
of largesse prevalent in the 1970s would be only a mixed bles- 
sing; laboratories might then be equipped well, and sound re- 
search grant applications would mostly be supported, but “our 
present failure to profit from our past discoveries” would prob- 
ably be perpetuated. Logic leads inexorably from these assump- 
tions to the conclusion that research needs a substantial sponsor 
other than the public purse, and that far-sighted industry is the 
most obvious and desirable source of support. 

So far, so good. The virtues of plurality are so obvious that 
nobody will quarrel with the notion that sources of support other 
than the government are welcome, while there is a wealth of 
evidence that industrial companies can make grants to academic 
reseachers without seeking to constrain their academic inde- 
pendence. (In Britain, it tends to be forgotten that as recently as 
the early 1950s, the chief source of postdoctoral fellowship 
support was an industrial company, ICI Ltd.) But there are two 
general worries about even enlightened industrial support, with- 
out too many strings attached, for basic research. 

First, and of necessity, it is impermanent, determined as much 
by the passing prosperity of industrial companies as by the need. 
(Contracts between industrial companies and academics for ap- 
plied research are in a different category, in principle at least.) 
Second, again almost by definition, the industrial companies 
willing to back basic research in universities are a restricted 
group, those willing to recognize that their own well-being ulti- 
_ mately depends on the health of the scientific enterprise and also 
prepared to make long-term investments in the process of dis- 
covery while recognizing that such practical benefits as may 
emerge are just as likely to flow to their competitiors as to 
themselves. In a world in which the basis of company law enjoins 
commercial enterprises to acknowledge their obligations to their 
stockholders rather than to unrelated groups of people such as 
academic researchers, it is unreasonable to expect that industrial 
support for basic research will ever be more than a small percen- 
tage of what governments such as even the British now spend. 
Industrial research contracts for specific purposes are different. 
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What this implies, in Britain as well as the ANZAAS coun- 
tries, is that governments will have to continue to provide the 
chief support for basic research, whose virtues and excitements 
Sir Hans Kornberg properly extolled last week. At least in 
Australia, the research community seems to have learned quick- 
ly that it can help to stiffen the government’s resolve to do the 
decent (and prudent) thing by making sure that people at large 
are aware of the intellectual excitement of their work, and of its 
potential value to the country as a whole Part of the British 
trouble ıs that people are often too despondent to tell a convinc- 
ing tale, but there is also something in the complaint that the 
leadership of the scientific community has fallen into the hands 
of people who are no longer active at the bench, and who 
therefore have only second-hand tales to tell (Kornberg 1s an 
exception, so too is the present president of the Royal Society.) 
The result is that arguments about government policy are too 
much concerned with form, and too little with substance, inten- 
sifying able people’s sense of neglect. 

In all three countries (Australia, Britain and New Zealand), 
the objective should not be over-modest. In all, governments 
should be persuaded to recognize what they ask industry to 
acknowledge — the importance of present research as a guaran- 
tor of future prosperity, whose nature is necessarily indetermin- 
ate. The United States and France, and in very different cir- 
cumstances, India, have taken this point, with the result that 
spending is linked not with present wealth but with future ex- 
pectations. But in each country, there are special problems. 
Australia resembles Britain in being seriously hampered by the 
weakness of its entrepreneurs, New Zealand is embarked on an 
eccentric experiment (making users and putative users pay 
almost all the cost of research) while Britain, which has woken 
up to the need to turn an honest penny, cannot get from where it 
is to where it would like to be for lack of government help over 
the intermediate hump Making a social case is not always 
special pleading. Failing to make a special case whose strategic 
importance is as great as that for research 1s a kind of self- 
inflicted damage. O 


Nuclear white elephants 


Too much nuclear plant seems to be being built to 
give construction companies work to do. 


Ir the Nordrhein-Westfalen government eventually decides not 
to sanction the loading of fuel into the Kalkar fast reactor (see 
p.8), it will at least have the comfort of knowing that this expen- 
sive machine is not the only one of its kind to have been built but 
never used. Austria owns a nuclear reactor that has been ready 
to produce electricity for the best part of five years but is unlikely 
ever to be used. Among similar unused machines ın the United 
States, that at Shoreham on Long Island is perhaps the best 
known, chiefly for the continuing public argument about the 
feasibility of evacuating nearly a million people if there should 
be an accident, but there 1s a whole clutch of unfinished nuclear 
reactors in the north-west that are unlikely ever to be completed. 
At just over DM 7,000 million, Kalkar is relatively cheap among 
its kind, as befits an intended demonstration reactor. 

Even so, the SPD government in Cologne should think twice 
before throwing Kalkar on the rubbish heap. The project has 
been so much delayed already that its value as a means of 
proving a novel nuclear technology can only be small at this 
stage, the largely French Superphénix project, for example, has 
probably more to offer those who will next century go back to 
the fast reactor technology. One danger in what the regional 
government seems to have in mind is that there is no sound 
technical reason why it should not wring a little understanding 
from the reactor. Worse still, the calculation 1s in at least some 
politicians’ minds that putting a stop to Kalkar will win friends 
among supporters of the West German Green party, and thus 
advantages at the federal elections due in 1987. Not merely is the 
calculation cynical, but it could backfire. Kalkar is not the only 
project in Nordrhein-Westfalen unpopular with the Greens. O 
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US textbooks 


NEWS 


Californian setback 
for evolutionists 


Washington 
THe California State Board of Education 
is about to take what could be a decisive 
stand against bowdlerized US biology 
textbooks that give only a passing mention 
to evolution. The board’s curriculum com- 
mission has decided that none of the life 
science books submitthd for approval for 
the $25 million Californian school tex- 
tbook market are worthy of adoption, and 
has told their publishers to go away and try 
harder 
California is only one of several states 
that have statewide approval of junior- 
school textbooks, but although it is the 
largest market, publishers have tended to 
slant their books for the more conserva- 
tive states, especially Texas, which until 
recently forbade any mention of evolution 
in biology books used in state schools. 
California, on the other hand, has 
adopted a model curriqulum that includes 
dating of fossils and the principle of natu- 
ral selection for the 11-14 age group. 
Although all the bodks submitted for 
approval in California |for this age range 
mention evolution, in many it 1s confined 
to a few pages, according to reviewers. 
The most plausible explanation for the 
reluctance to discuss evolution is that pub- 
lishers hope to escape the attentions of the 
creationist lobby, which is enjoying a 
nationwide revival, buoyed up by a grow- 
ing tide of religious fundamentalism. Pub- 
lishers naturally wish to avoid having to 
produce different editions for different 
states. But, in the words of one Califor- 
nian legislative analyst, the commission is 
now “sending a signal that they might be 
able to sell those kinds| of books in Texas 
or Alabama, but California will not accept 
less” than the model curriculum dictates. 
The efforts made in the books to avoid 
anything that could be taken as a clear 
statement about evolution have given rise 
to some memorable nonsenses, some of 
which have been collated by William Ben- 
netta, an independent editor who -gave 
evidence to the commission. Characteristi- 
cally, the. word “evolution” is not used 
except when prefaced by “theory of”; thus 
Charles Mermnll’s Focus on Life Sciences, 
which omits evolution from its glossary, 
declares that “the theory of evolution can 
be explained by mutations and natural 
selection”, while Scott Foresman and 
Company’s Life Science avers that “scien- 
tists call such changes in groups of organ- 
isms over time the theory of evolution”. 
Addison-Wesley’s Life Science is even 
more obscure; a passage that attemps to 
link mutation and natural selection with- 
out mentioning the forbidden word at all 
concludes with the tantalizing assertion 


that “under some conditions mutation 
may cause a change in an entire’popula- 
tion of living things”. The Addison- 
Wesley book was not recommended for 
adoption by the State Board; others that 
were recommended with the proviso that 
their coverage of evolution be improved 
were published by, in addition to Scott 
Foresman and Merrill, Prentice-Hall, 
Macmillan, D.C. Heath and Holt, Rine- 
hart and Winston. Some publishers were 
also told to improve coverage of human 
reproduction and environmental and 
ethical issues. 

Books for younger children were also 
criticized by the commission. Many of 
these discussed reproduction in animals 
but neglected to depict or discuss the re- 
levant basic anatomy in humans, so again 
falling foul of the State Board’s model 
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curriculum. The publishers have the op- 
tion of preparing “supplemental mate- 
rials” to make good these omissions. 

The State Board meets to consider the 
curriculum commussion’s recommenda- 
tions on 12 September but some members 
have already let 1t be known they are im- 
pressed by the commission’s diligence. If, 
as expected, the recommendations are 
accepted, publishers will have until 1 
February to produce revisions of their 
texts. But, ın doing so, they will have to 
avoid going too far in the opposite direc- 
tion, since a Californian state law forbids 
dogmatism in teaching of theories about 
human origins. Some education board 
specialists think that creationists, having 
lost the battle to have “creation science” 
taught as such, will try to sue the state 
under the antidogmatism law if evolution 
is presented credibly. Publishers have ev- 
ery incentive to get this balancing act 
right, however. Californian school text- 
books are approved pm a multi-year cycle 
that rotates by subject, and science books 
approved in the current school year will be 
the only ones used in state schools for the 
next Six years. Tim Beardsley 





NSF 


Change of direction afoot 


Washington 

THE US National Science Foundation 
(NSF) has embarked upon what may turn 
out to be an important shift in the way It 


funds research. The foundation has: 


started supporting a series of small mate- 
rials research groups on university cam- 
puses, in which typically fewer than 10 
investigators will collaborate on a single 
shared project. The new groups provide 
an alternative to the existing much larger 
Materials Research Laboratories, in 
which several different areas of research 


re pursued at one time. 


Initial funding of the materials research 
groups is for three years. The institutions 
supported and the research areas are as 
follows: Rensselaer Polytechnic Institute 
— stability of glasses; Polytechnic Insti- 
tute of New York — ageing in polymer 
blends; Pennsylvania State University — 
chemically bonded ceramics; University 
of Texas, Austin —— photochemical pro- 
cess at interfaces; California Institute of 
Technology — motions of atoms and 
molecules at interfaces. 

Although the amount of money com- 
mitted to the new scheme so far is small 
($8 million), this will increase rapidly as 
new groups ‘are set up. Furthermore, 
other subjects may follow the example set 
in materials research; the NSF chemistry 
division, for one, is expecting shortly to 
increase support for small collaborative 
groups, and engineering may not be far 
behind. oD 

At present, NSF spends something 


close to 40 per cent of its $107 million” 


materials research budget in the Materials 


i 


Research Laboratories, which were origi- 
nally established ın the 1960s by the De- 
partment of Defense. Most of the rest 
goes to individual investigators. But the 
laboratories, each with a budget of several 
million dollars, have been criticized for 
failing to fulfil their intended role of 
fostering interdisciplinary research. Rus- 
tum Roy of Pennsylvania State Universi- 
ty, a prominent champion of materials sci- 
ence research, believes that rigid universi- 
ty departmental boundaries continue to 
be a “major impediment to national 
needs” and says that Materials Research 
Laboratories have failed to ‘assimilate 
many of the most important recent de- 
who areca in the field, such as advanced 
polymers, high performance ceramics 
(where ee ritish are clearly ahead”) 
and gallium arsenide. Roy dismisses some 
of the existing Materials Research Labor- 
atories as little more than bureaucratic fic- 
tions and characterizes the new materials 
research groups as a praiseworthy if be- 
lated attempt to “seduce universities into 

accepting interdisciplinary research”. 
NSF officials do not see things in quite 
that way. Two of the fourteen existing 
Materials Research Laboratories (at Ohio 
State University and Purdue University) 
are now being phased out, with no im- 
mediate plans to replace them, but there is 
no plan to supplant the big laboratories 
with the new research groups, according 
to Lance Haworth of NSF's division of 
materials science. Rather, he says, the 
groups will be a halfway house for building 
up to or down from full laboratory status. 
Tim Beardsley 
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British Association 


NEWS 


What price excellence? 


Glasgow 
For the second year running, the blue- 
and-white insignia of the British Associa- 
_ tion of Science match the pyjamas of its 
president. Such complementary colour- 
ing, as Sir George Porter, the new presi- 
` dent, assured his predecessor last Friday, 
is intended to encourage dedication to the 
job. Given -the ‘depressed state of basic 
science in Britain, as described during the 
British Association (BA) audit on science 
spending, Sir George should have many 
opportunities to coordinate his silver pen- 
dant with his nightwear. . 
_ Sir Hans Kornberg’s opening address to 
the BA’s annual meeting as outgoing pres- 
ident set a sombre tone at the University 
of Strathclyde (Gtasgow) ‘last week. One 
index, he says, of the “horrifying rate of 
decline” of British research is the inability 
of the Science and Engineering Research 
Council (SERC)-to fund three-fourths of 
its finest research grant applications. He 
was the first of many to defend the role of 
basic research in improving Britain’s 1n- 
dustrial and scientific health. Science must 
be put to use (the primary theme of the 
meeting), in, other words, but at what 
cost? By making “purely academic re- 
search by people motivated solely by the 
desire to know” the scapegoat for the fail- 
ure to profit from this research, Britain 
would moulder as an “exploiter of im- 
‘ported ideas” and an “assembler of im- 
ported parts”. 

* A week of rain and mud up to the knees 
on visits to scientific sites created a proper 
Shakespearean backdrop to these discus- 
sions. The host university, however, is 
used to such weather and showed many 
_ Signs of spirit. Mr Hugh Thomson, head of 
Strathclyde’s Research and Development 
Services, expressed, high hopes for the 
fledgling science park, as well as pointing 
to the £1.5 million in.research contracts 
recently won from the European Econo- 
mic Community, an -amount far above 
average for British universities. And 
where else besides Glasgow is there a Full- 


Scale Structures Testing Unit, which does, 


not need much money because there are 
so many derelict buildings in Scotland just 
waiting to be blown up? In this context 
could be found discussions on everything 
from topics of the day, such as cancer, 
acquired immune deficiency syndrome 
(AIDS) and acid rain, to the censoring of 
isolated naked quarks. 


Studying quarks, be they naked, down. 


or up, sparked ‘an ongoing debate on the 
proper role of public opinion in science 
funding. “Not with my money” is a public 
. response dangerous to basic scfentists, 
whose work often has no obvious immedi- 
ate value for Britain’s well-being. As Pro- 
fessor G.G. Roberts, head of applied phy- 
sics at Durham, said, research in, such 
fields as quarks “should be restricted” un- 


` 


til the United Kingdom “can afford the 
luxury of financing them” - 

At the science audit, Sir David Phillips, 
chairman of the Advisory Council for the 
Research Councils (ABRC), outlined the 
history of another kind of planning blight. 
He pointed to a scientific malaise ın in- 
dustrial countries, caused by the necessary 
reduction in their percentages of world 
scientific activity as the Third World de- 
velops. The science vote in Britain 1n- 
creased in real terms by a factor of 50 since 
1930, but has now levelled off. Only “out- 
moded attitudes” lead scientists to expect 
a return to expansion. 

There was no paucity of.fingers pointing 
at causes for the decline in British re- 
search. Professor C. Hilsum, chief scien- 
tist, GEC Research Laboratories, for ex- 
ample, claimed that Britain’s financial in- 
stitutions make competing with the 
Japanese more difficult. British com- 
panies, he says, have an average. of one- 
third the fixed assets of Japanese com- 
panies, partly because they expect a much 
higher return on those assets than do the 
Japanese. The high ownership of shares in 
UK businesses by pension funds and in- 
vestment trusts (58 per cent as opposed to 
20 per cent in Japan) encourages “liquid- 
ity without commitment, more finance 
and less business”. 

Industry is an obvious target. Accord- 
ing to Sir Hans Kornberg, industry should 
recognize the importance of basic re- 
search in universities to its own growth 
and thus provide more support at an early 
stage. The research divisions of com- 
panies are also an important link between 
basic and applied science. Mr R.A. Street 
from the Palo Alto Research Center in 


California described these divisions as an. 


avenue for attracting top people to the 
company and as a door to the universities, 
Dr I.A. Shanks from Unilever outlined 
how, when these doors close, ideas from 
outside can be strangulated by industrial 
fear of unprotected ideas and new market 
areas. : 

The research councils and their 
methods of funding are a problem very 
close to home for the scientists they sup- 
port: These councils were set up after the 
First World War, according to Sir David, 
as a means of improving. the economic 
performance of Britain. Since then they 
have been described as too compartmen- 
talized properly to compare competing 
sources for funds as well as too outdated to 
analyse multidisciplinary research such as 
biosensors. SERC, for instance, is divided 
into nuclear physics, astronomy and space 
science and, belatedly, engineering. With 
the slashing of budgets, nuclear physics 
has been a dramatic loser. 

The audit had,an aura of stewing in its 
own juice. There are too few carrots avail- 
able for prodding the development of a 
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national science policy, though all too 
much evidence of what happens without 
one. The feeling of getting nowhere, of 
finding no solution, led one nuclear physi- 
cist in the audience to proclaim, “We may 
be the first to go but we won’t be the last”. 

How, then, should excellence be identi- 
fied? One method, now much in vogue, 
that adds statistical backing to peer re- 
views and interviews is citation analysis. 
These data can show both trends in fields 
and excellence of individual researchers. 
For example, an analysis of the most cited . 
papers across all fields by the Institute for 
Scientific Information in Philadelphia 
shows “a distinct absence of physics and 
chemistry” papers from the United King- 
dom but strength in biomedical and biolo- 
gical areas. ABRC has funded several 
citation analyses from Ben Martin and 
John Irvine of the Science Policy Research 
Unit (SPRU) of the University of Sussex. 

Given the shrinking UK funding pie, 
however, excellence cannot be properly 
supported ın all fields. Who and by what 
means those choices can be made are 
questions that promise to draw blood. 
“No one institution could cope”, says Sir 
David, but at the’same time “bottom-up” 
procedures suffer from narrow specializa- 
tion. He set forth another option: discus- 
sion among all the fields involved, includ- 
ing all interested parties, which would re- 
sult in a “consensus that needs no other 
implementation”. Dr Hillsum also 
pointed to the Japanese forecasts that cre- 
ate national goals and thus national 
achievement. 

Interest in this avenue for national poli- 
cy making has been stimulated by Martin 
and Irvine’s book Foresight in Science, 
which resulted from a study funded by 
ABRC on Japanese policy formation. It 
describes how the Japanese Science and 
Technology Committee gathers responses 
from active researchers, over half in in- 
dustry, on what is likely to be achieved in 
these fields. National goals result, which, 
because of the previous participation, are 
more easily accepted. This option was not 
taken seriously in the BA audit discus- 
sions, but it is likely that ABRC will try 
out a method similar to that described by 
Martin and Irvine. 

The large number of people at the phy- 
sics sessions on the beginning and future 
of the Universe were a telling comment on 
criticism of basic research, even if the pre- 
cise role of the down quark is not essential 
for UK industrial growth. Maybe, on the 
other hand, they were there because the 
axioms were different. In the new big bang 
theory as described by the quantum physi- 
cist Professor P.C.W. Davies, activities do 
not have to have well-defined causes, the 
big bang is an “inflation” (used in a posi- 
tive sense) of a whimper into empty space 
and energy is created from nothing. An 
even pleasanter thought was Dr Davies’ 
support of astatement from Dr Alan Guth 
of MIT: “the Universe is a free lunch”. 

Elizabeth Collins 
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ANZAAS 


NEWS 


Selling public views of science 


Melbourne 


THe annual congress of the Australian 
and New Zealand Association for the 
Advancement of Science (ANZAAS) has 
splendidly reformed itself. The usual for- 
mat was turned on its head at this year’s 
meeting, held at Melbourne’s Monash 
University from 26 to 30 August. The meet- 
ing, one week after the Commonwealth 
government of Prime Minister Bob 
Hawke had announced its annual budget, 
provided a timely opportunity for assess-/ 
ing the mood and direction of Australian 
science and for scientists to make a wider 
pitch for public support. 

At this ANZAAS congress, the 35-odd 
specialized sections that have dominated 
the proceedings of ANZAAS for most of 
its 97-year history as the one organization 
in Australia and New Zealand attempting 
to encompass most areas of academic ex- 
pertise, had disappeared. In their stead, 
the organizers, led by the energetic con- 
gress director, Professor John Swan (che- 
mistry, Monash), built the programme 
around 129 interdisciplinary symposia 
focusing on current social issues. 

Among the more popular sessions were 
space science and technology, star wars 
and new astronomy (in the “hard” categ- 
ory), acquired immune deficiency syn- 
drome (AIDS), sexually transmitted dis- 
eases in general and occupational health 
and safety, schizophrenia and the 
fluoridation of water supplies and the 
shape of things to come. 

The congress was directed firmly to- 
wards a wide general audience, while re- 
taining authority with reputable speakers. 
Recent congresses have tried, with little 
success and limited academic respect, to 
act as meetings for announcing original 
work. The dominance by social scientists 
at previous meetings (74 per cent of the 
speakers at the 1984 congress) was cor- 
rected; straight scientists this year com- 
prised 51 per cent of the 700 speakers. 

To this observer, seasoned by two de- 
cades of ANZAAS congresses, the new 
formula succeeded splendidly. The out- 
reach to the public was a massive improve- 
ment. And the scientific community still 
turned up. 

This congress was expertly marketed 
and attracted large numbers to the 
Monash campus, despite its remoteness in 
the flat suburbia of Melbourne. Instead of 
an all-up registration fee, there was a com- 
puterized ticket system handled by a com- 
mercial ticket agency. Anyone wishing to 
attend a half-day session paid $A8 for en- 
try (students and pensioners $A5). 

The risk was that the organizers had no 
idea beforehand whether academics and 
the public would respond, especially given 
the difficulty of getting to Monash, 20 km 
from the city centre. In the event, the 
15-17 concurrent sessions were mostly 


well attended, with 100-plus audiences, a 
pleasing increase on the often embarras- 
singly small sessions of the last traditional 
congress in Canberra last year. The total 
number of tickets sold — some 7,000 — 
was estimated to show that at least 3,500 
different people attended the formal ses- 
sions, a useful improvement on the num- 
ber of registrations of under 3,000 at con- 
presses over the past decade. 

This congress was billed as a “festival of 
science” and lived up to its ambitious title. 
A range of events extended well beyond 
the limitations of the campus-bound sym- 
posia. There was, for example, a week- 
long special programme for senior high- 
school students, called “Youth 
ANZAAS”, which drew nearly a thou- 
sand young people to a programme laun- 
ched by the New Zealand folk hero, Sir 
Edmund Hillary, the president of this 
year’s congress. 

The reach of science into the commun- 
ity was extended with a “Community Sci- 
ence and Technology Program”. The offer 
of free tickets to visit some 80 science- 
based institutions throughout Melbourne 
drew 14,000 takers. There were displays 
of “everyday science” in the main city 
square in the week before the congress, 
and students could follow a “mathematic- 
al trail” around the city. One of the most 
popular events was the “hands-on” scien- 
ce circus, the embryo nucleus of the 
National Science Centre based at Canber- 
ra with a travelling component. All told, 
ANZAAS activities reached at least 
22,000 people directly, nearly eight times 
as many as at previous meetings. Indirect- 
ly, millions of Australians were reached 
through the extensive media coverage be- 
fore and during the meeting. 

In the present political climate, the sig- 
nificance of the achievement is that it 
epitomizes a new assertiveness among 
some of the more politically aware scien- 
tists. The 1985 budget dealt relatively 
kindly with science; last year’s cuts, which 
so aroused the research community, were 
at least not repeated. This may be partly 
the result of the effort by scientific orga- 
nizations to lift their public game. Thus 
the Australian Academy of Science has 
improved the public profile of science 
through the establishment of its national 
committee for promoting science and 
technology. And the largest research in- 
stitution in Australia, the Commonwealth 
Scientific and Industrial Organization 
(CSIRO), which had suffered public 
opprobrium and financial cuts, directly 
lobbied key ministers other than their re- 
latively lowly ranked Minister of Science, 
Mr Barry Jones, after the loss of the tech- 
nology wing of his portfolio. Mr Jones 
himself shows a new enthusiasm for prom- 
oting fundamental research. At 
ANZAAS last week, he said that the post- 
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1984 budget period was “the political 
Death Valley for Australian science. Sci- 
entists were acting like nocturnal animals, 
being startled by loud noises and retreat- 
ing under threat, so you cannot see them ” 
After the 1984 budget, Mr Jones had 
jolted scientists by labelling them as “the 
wimpiest collection of lobbyists”. Now, 
both he and his opposite number in the 
Liberal-National Party opposition, Mr 
Michael MacKellar, agree that the in- 
creased visibility affects budget fortunes. 
But there is a long way to go. 

Through the academy’s promotion 
committee, and again at ANZAAS, plans 
have been presented for a science and 
technology information service (for the 
media, politicians and science educators), 
a science and government relations 
bureau, a regular series of polls for gaug- 
ing and responding to the public opinion 
of science and scientists, and a book 
covering Australian science and technolo- 
gy in terms accessible to decision-makers 
and the public. Some of the running may 
be made by the Association of Science 
Communicators of Australia, formed at 
ANZAAS. Next year, when there will be 
no ANZAAS congress (the next congress 
will be in January 1987 at Massey Uni- 
versity, New Zealand), the new associa- 
tion plans to hold a national conference 
instead. 

While this ANZAAS congress has been 
a success, the parent organization strug- 
gles along with a low membership and an 
inadequate budget. Its largest problem is 
that of keeping alive its monthly journal 
Search. Peter Pockley 





FDA division to close 


Washington 

THe Food and Drug Administration 
(FDA)’s Drug Chemistry division in down- 
town Washington, DC, is once again sche- 
duled for closure, apparently as a consequ- 
ence of pressure within FDA for more 
resources to be devoted to reviewing New 
Drug Applications. 

The laboratory had one close shave two 
years ago, when a threat of closure was 
averted after unfavourable publicity, 
but this time the deed has been done 
quietly. Thirty chemists are employed in 
the division. 

Most of the functions of the laboratory, 
which include developing drug reference 
Standards and new applications for instru- 
mentation, will be transferred to the FDA ` 
laboratory in St Louis, Missouri. This will 
release 20 jobs in Washington to be turned 
over to reviewing drug applications. But 
some of the work seems likely to be lost. 
The division’s general methods branch, 
which has developed new methods of 
separating stereoisomers, is unlikely to be 
recreated elsewhere. Two scientists in this 
division, Irving Wainer and Tom Doyle, 
received FDA awards for scientific 
excellence last year. Tim Beardsley 
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Parapsychology 


MacLab, St Louis, to shut 


Washington 

AFTER six controversial years, the 
McDonnell Laboratory for Psychical Re- 
search at Washington University, St 
Louis, finally closed at the end of August. 
The equivocal claims of evidence for 
extra-sensory perception (ESP) that have 
emerged from -the laboratory have 
apparently not been sufficient to persuade 
heirs of the late James McDonnell, a de- 
votee of the paranormal, to continue giv- 
ing financial support to parapsychology. 










McDonnell 


Laboratory for 
Psychical 


Research 


The laboratory, known as MacLab, 
never fully recovered from the shock of 
James Randi’s Project Alpha in 1983. 
Randi, a professional magician and foe of 
sloppy parapsychological research, sent 
two protégés into MacLab posing as gifted 
young psychics; the two were investigated 
at the laboratory for three years before 
Randt announced the deception at a press 
conference. 

Rancour persists between Randi and the 
director of MacLab, Peter Phillips. Phil- 
lips admits that he was deceived, but says 
the laboratory never published a claim 
that 1t had found psychic abilities, and that 
he eventually devised experimental pro- 
tocols that defeated the self-proclaimed 
psychics. He says Randi used Project 
Alpha for self-advertisement. Randi, for 
his part, says Phillips had no idea what was 
going on until he was persuaded to use 
protocols supplied by Randi himself; he 
also says Phillips prepared a printed re- 
port claiming psychic effects that was 
withdrawn once Randi had shown how 
easy it would be for a magician to cheat. 

Since Project Alpha, the research at 
MacLab has been carried out by a re- 
search student Michael Thalbourne. Thal- 
bourne says he has not found any une- 
quivocal, repeatable demonstration of 
ESP but that evidence for it has surfaced 
several times ın unexpected ways. But 
according to Randi, Thalbourne’s re- 
search is still anything but meticulous and 
Thalbourne has a tendency to re-examine 
data after the fact for significant effects. 
He accuses the experimenters of having a 
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“ 


prior conviction that ESP effects are there 
to be discovered which leads them into 
error. 

The McDonnell Foundation’s original 
bequest (of.$500,000) was intended to run 
MacLab for only five years, later extended 
for a further year. Randi says he would 


Technostress 
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have liked the laboratory to continue, but 
to be “run by good scientists”. 
Thalbourne will now continue his ex- 
periments out of his own pocket, while 
Phillips 1s off to China to investigate “ex- 
traordinary” reports about physics there. 
But Randi claims to know already about 
the Chinese reports and says they are ex- 
plained by a very simple sleight-of-hand 
deception, which he has not yet passed 
on to Phillips. Tim Beardsley 


Another Japanese discovery 


Tokyo 

“TECHNOSTRESS” is a medical condition 
that will not be found ın the textbooks, but 
which the Japanese are taking seriously — 
indeed they bear responsibility for adding 


‘| the word to the “English” language. Popu- 


lar magazines are full of articles on what to 
do about it and a patent baldness remedy 
warns that at the very least the “techno- 
stress era” will make all your hair fall out. 
And the Ministry of Health and Welfare 
has now announced that a full scale study 
is to be launched to find ways to alleviate 
it. 

Technostress is the stress and concom- 
itant psychosomatic disorder induced by 
the introduction of high technology. 
Usually high technology means office 
automation: it includes the stress pro- 
duced by working at rhythms dictated by | 
machine, the strain of spending a day 
looking at a video monitor, and the loss of 
self-esteem of those who find themselves 
unable to master new equipment or those 
who, as one Japanese put it, were “re- 
placed by a thing no bigger than a box of 
matches”. 


The study has been launched after 
several reports of sharp increases in the 
number of patients who work with or 
around ‘computers admitted to hospital 
with psychosomatic disorders. A recent 
survey carried out at Nihon University 
also showed that close to half of all visits to 
general medical practitioners resulted 
from stress-related disorders. 

The first aim of the study will be to try to 
unravel how stress affects the incidence of 
disease at different stages of the life cycle. 
There is already considerable evidence 
that high blood pressure and ulcers are 
related to stress but links will also be 
looked for in disorders such as heart 
attacks and cancer. And perhaps more im- , 
portant, a ministry official said, is that the 
study will put an end to thinking of many 
disorders as being either physical and re- 
quiring the treatment by a doctor, or men- 
tal and requiring treatment by a psychiat- 
rist. It is hoped that environments that 
minimize stress can be designed and 
perhaps counselling services provided that 


‘will give advice on how to deal with stress- 


related disorders. Alun Anderson 





Indian astronomers to help Soviets 


New Delhi 

Inp1a, which has been invited to join the 
International Halley Watch, has also 
signed a protocol with the Soviet Union for 
a joint study of Halley’s comet during its 
appearance in 1985-86. Data from Indian 
observatories will help Soviet astronomers 
to make mid-course corrections of the 
Vega spaceprobes now on their way to 
meet the comet in mid-March 1986. The 
protocol also covers collaborative observa- 
tions from both Indian and Soviet ground 
stations for polarization measurements, 
speckle interferometry, and infrared and 
radio observations at decametre wave- 
length. 

The national programme is being coor- 
dinated by the Indian Institute of 
Astrophysics i in Bangalore which is operat- 
ing the 40-inch reflector telescope at Kava- 
lur near the east coast in Tamilnadu state. 
Apart from Kavalur, the programme cen- 
tres around the Nizamiah Observatory in 
Hyderabad, which has a 48-inch reflector, 
and the 40-inch telescope in the solar 


observatory at Nainital in the western 
Himalayas. According to Professor K.R. 
Sivaraman of the Indian Institute of 
Astrophysics, who is the Indian repre- 
sentative in the International Halley 
Watch, the unique locations of these obser- 
vatories was a reason for India being in- 
vited to join the international programme. 


' The longitudinal gap between Chinese and 


Soviet observatories is expected to be 
bridged by the Indian stations. 

According to Professor Sivaraman, the 
planned observations include astrometry, 
the comet’s spectroscopy and infrared stu- 
dies, Scintillation studies of radio sources _ 
occulted by the comet’s tail are planned 
using the radio telescope at Ooty on the 
Nilgiri Hills in south India. Another radio 
telescope at Gouribidanur near Mysore 
will be used to observe the comet at de- 
cametre wavelength. The Tata Institute of 
Fundamental Research will fly -balloons 
carrying telescopes up to 30 kilometres | 
height for infrared observations. 

K. S. Jayaraman 
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Halley’s comet 








or professional ones, for that matter— 
__. have yet espied Edmond Halley’s comet in 

-= its 1986 apparition, there can be few mem- 
` bers of the public in the United States who 






_ have not yet woken up to the fact that 


- something unusual is soon to appear in the 


-= heavens. Not since Apollo 11 landed on _ 
¿< the Moon has the public consciousness 
-. been so deluged with astronomical facts 


-` and figures, and the phenomenon is rapid- 
ly becoming an excuse for a nationwide 
party. 

Parties need party suppliers, and sup- 
pliers have sprung up for every conceiv- 
- able comet-related purpose. The Halley’s 
comet T-shirts were perhaps inevitable (at 
least a dozen different varieties are avail- 
able), although the manufacturers have 
not taken the apparently obvious oppor- 
tunity to save money by sticking for once 
to monochrome; full 4-colour images of 
the comet, with some artistic licence, are 
standard. And the dedicated engravers of 
“unique commemorative medals have of 
course been hard at work. More surpris- 
ing, though, have been the comet cola and 
the comet pills, the latter guaranteed to 
ward off the harmful effects of comet 
vapours. The Grand Rapids Public 
Museum in Michigan, supplier of comet 
pills, point out that their efficacy has been 
proved beyond question: there were no 
casualties among those who took the same 
pills during comet Halley’s 1910 appear- 
ance. 

The comet has not only given rise to 
new product lines: whole new companies 
have been created to take advantage of 
the marketing opportunities. Bumper 


stickers, special comet stamps and posters. 
ranging from educational to psychedelic 


are all selling well. Among the most ambi- 
tious of the new comet corporations is 
Halley’s Comet Interplanetary Corpora- 
tion, which advertises offices in New 
York, California and the Milky Way, 
Quadrant 7. The corporation offers its in- 
terplanetary market a complete comet 
party kit, which includes the game “pin 
the tail to the comet”. And, in the country 
that invented movies, it is perhaps no sur- 
prise that Tobe Hooper’s “Lifeforce” 
should be based on the idea that the comet 
is peopled with strange and rather un- 
pleasant aliens. 
For the more serious minded, there will 
be plenty of opportunity for self- 
improvement. Hardly a natural history 
_ museum in the country is not making some 


_ effort to satisfy the insatiable demand for 


information about Mr Halley’s comet. 
sctures are standard for Americans, ever 
nto educate themselves, and every 
ified lecturer has a full tour booked. 
ums have special shows, usually 
d -book publishers have had a 
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JS commercialism runs riot 


ALTHOUGH few amateur astronomers— 


Telescope manufacturers have come 
into their own. Sales of serious telescopes 


for amateurs have rocketed (there is likely | 


to be a glut of second-hand telescopes on 
the market next year). In addition, anum- 
ber of manufacturers have produced sim- 
ple refractors aimed specially at would-be 
Halley watchers, such as the $200 Halley- 
scope manufactured by Halley Optical 
Corporation. At least one telescope 
advertised as especially suitable for view- 
ing the comet has attained the ultimate 
accolade in marketing respectability by 
being included in mass-mailing from the 
American Express Company. 

Although the size of the comet will not 
be a problem, its brightness will be. Own- 
ers of personal computers, however, will 
be able to choose from a wide selection of 
programmes that will enable them to track 
the comet. And for those who do not own 
computers, there are various other stick- 


ance has served as an excuse for long 


special discount for members; the cru 


astronomers and scientists” 
available to give personal advice on vie 
ing the comet. The Royal Viking. 
offers an Auckland-to-Sydney cruise wit 
the redoubtable Carl Sagan on board an 








and-string devices that will compute. t 
comet’s location at any given date a 
hour. | 

The comet is going to be much me 
easily visible from the Southern Hem 
phere than the Northern, so its app 


luxurious cruises for many. Bookings 
at record levels. The Planetary Soc 
offering a cruise to Rio de Janeiro wi 


includes a four-man team of “emi 
who wil 


available for consultation. Or, for those 
who prefer to stay on dry land, there are 
motor-coach tours in South America. All : 
in all, the comet is being billed as a once 
in-a-lifetime experience, which it will be. 
for most. But one cannot help feeling sor- 
ry for the many other comets that will 
come and go entirely unremarked outsid 





Erice 


Scheme for world laboratory 


feasible”, working initially in those fields 


A “WORLD LABORATORY” devoted to “re- 
search without secrecy” could be a major 
factor in promoting an international cli- 
mate of openness and sharing, Professor 
Antonino Zichichi urged last month. 
Addressing the Erice International Semi- 
nar on Nuclear War, Zichichi outlined his 
proposals for such a worldwide commun- 


ity of scientists which would conduct joint: 


research into the “dramatic problems” 
facing the world, including the threat of 


nuclear war, world hunger and political | 


violence. Results of this research would be 
made available for the benefit of all. 
Preliminary work on the concept began 


“last September, so that Zichichi could re- 


port to this year’s seminar the establish- 
ment of working groups on topics ranging 
from high-energy physics and asteroid en- 


counters to fuel slurry technology and | 


food production. The working groups are 
now working out programmes, and as 


each of these is completed, the o 
-laboratory facilities and financial support ie 
will be sought internationally. Professor | 


Zichichi does not expect any difficulty in 
getting this backing — the concept of the 
world laboratory has grown out of the 
regular international seminars at the Cen- 
tre for Scientific Culture in Erice, which 
enjoy the encouragement and support of 
many internationally eminent figures, in- 
cluding the President of Italy, the Pope and 
the Secretary of the United Nations. How 
much real support the world laboratory 
will enjoy from governments and regimes 


not strongly committed to international 


“openness” is not, however, clear; but 
Auen is tae of a a pragmatist- to real- 








does not run counter to government re 
‘trictions. ; 


seminar, “are totally useless and serv 
-only as illusion makers”. 
-dulging in such activities, scientists should 
-devote their time to the study of how the 
world laboratory could become a reality 
-At next year’s seminar, he. said, he wi 
| report back on the support of govern 
ments who have “begun to remove t 
terrible enemy of humanity: secrecy” 


. achieve its purpose, it will have to be st 
ported by major powers both East 
West. The Chinese delegates to the Eric 


cept, 


: the disappearance last March ‘tor the | 50% 


no explanation of the Soviet absenc 
has every hope that further discuss 
with them about the proposed 





serious astronomy circles. Tim Beardsle : 


pnt: 


where “collaboration without secrecy 
“Words, talks and round table 
Zichichi told the closing session of | 


Instead of in 


But if the world laboratory is 


conference seemed impressed by the ! 
aprording to one participa 
l he f 





nuclear winter expert Vladimir Alek ar 
drov during a visit to Spain. Zichichi str 
ses, however, that he has so far rece 
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West German fast breeder 





NEWS 


Kalkar may fall at last hurdle 


Bonn 


Tue future of the uncompleted fast breed- 
er reactor SNR 300 at Kalkar (Nieder- 
rhein) in West Germany is still in doubt. 
The Social Democratic Party (SPD) is 
contemplating the consequences of rufus- 
ing planning permission for the 17th step 
of the construction programme which 
would mean that nuclear fuels could not 
be brought onto the site or loaded into the 
reactor, so making Kalkar, a “masterwork 
of this century” (according to SPD in the 
1970s), the most expensive waste of in- 
vestment in Europe. 

There are many reasons why SPD has 
now started to express doubts about the 
project. The permit to store nuclear fuel 
on the site is seen as irrevocable. Accord- 
ing to Friedhelm Farthmann, leader of 
SPD in the Landtag (state parliament) of 
Nordrhein-Westfalen, it would be im- 
possible to prevent the reactor being com- 
missioned once it had been loaded, and it 
is in any case far more expensive to dis- 
mantle a reactor site once it is radioactive. 

After an overwhelming election victory 
in Nordrhein-Westfalen, SPD feels 
powerful enough to act on the decision 
made at the 1984 federal party meeting in 
Essen to phase out nuclear technology, 
and to put an end to the “nightmare of the 
fast breeder” (SPD in the 1980s). SPD has 
supported the fast breeder through the 
previous 16 planning permits. Political 
pressure from the Green Party and from 
other sections of the community have cer- 
tainly played a part in SPD’s change of 
heart. By withdrawing from the fast 
breeder project at Kalkar, SPD expects to 
gain significant support from the Greens 
at the next federal elections in January 
1987. 

The history of the fast breeder reactor is 
one of controversy, court cases and enor- 
mous increases in estimated costs. In 
1970, the former head of the fast breeder 
project at the nuclear research facility in 
Karlsruhe and the “father” of Kalkar, 
Wolf Hafele, estimated that less than DM 
500 million would be necessary. As the 
foundations were being laid in 1973, it was 
announced that DM 940 million would be 
required, and that the reactor would be in 
service in 1978. Even then, the reactor was 
not expected to produce electricity econo- 
mically, and the research aspect was 
brought to the fore. A year later, a spokes- 
man for the fast breeder nuclear energy 
plant said that the project should be stop- 
ped for economic reasons. By January 
1976, estimates had risen to more than 
DM 2,000 million, by August 1977 to DM 
2,600 million, by the end of 1981 to DM 
5,400 million and the cost is now expected 
to be about DM 7,000 million. 

Ninety per cent of this has to be fi- 
nanced by the taxpayer. The Ministry of 
Research and Technology, now led by Dr 





Heinz Riesenhuber (CDU), had spent 
DM 3,093 million by the end of 1984; a 
further DM 418 million is foreseen in this 
year’s budget. The energy industry is re- 
sponsible for only the remaining 10 per 
cent; otherwise, according to Farthmann 
and to August Wilhelm Eitz, head of the 
construction company  Schnellbriiter- 
Kraftwerksgesellschaft, Kalkar would 
have been stopped long ago. 


a 3 l 
E al 

The reactor was nearly cancelled once 
before, in 1978. Then the Economy Minis- 
ter of Nordrhein-Westfalen, Horst Lud- 
wig Riemer (FDP), refused to issue plan- 
ning permission for the third building 
stage; this would have enabled the reactor 
to produce plutonium and thus to build 
atomic bombs, which West Germany has 
declined to do. 

At the same time, the federal constitu- 
tional court was considering the constitu- 
tionality of fast breeder technology. On 8 
December 1978, the court decided in 
favour of the project. After heavy internal 
dissension within the SPD-FDP coalition, 
this ruling was followed on 20 December 
1978, by Riemer, who was under pressure 
particularly from the former Chancellor 
Helmut Schmidt (SPD) and the FDP lead- 
er Hans-Dietrich Genscher. 

SPD has now found new reasons to de- 
lay. Shortly after his election victory ear- 
lier this year, Johannes Rau (SPD), the 
Minister President of Nordhein- 
Westfalen and now a likely social demo- 
cratic candidate as federal chancellor, 
wrote to Helmut Kohl, the present CDU 
chancellor, expressing doubts about the 
present policy. Friedhelm Farthmann was 
blunter in an interview: he saw “no pur- 
pose” in continuing with the fast breeder 
project, since all of the original reasons 
put forward to justify it were no longer 
tenable. 

Electricity from the reactor would be 
more expensive than from conventional 
sources, including the existing nuclear 
plants, which produce 30 per cent of East 
Germany's total electricity. The expected 
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shortage of uranium supplies has not 
occurred, and they are now seen to be 
sufficient for centuries. In addition, since 
the design of the reactor core was altered, 
the expected “breeding rate” has fallen to 
a point where it could never produce fuel 
for light water reactors. 

Klaus Matthiesen (SPD), Minister for 
the Environment in Nordhein-Westfalen, 
was equally blunt. The man who will have 
to decide whether to grant permission for 
the latest stage, Reimut Jochimsen, the 
Economy Minister, was more cautious, 
although he is reluctant to assent because 
there is at present no acceptable place or 
method for disposing of the nuclear waste 
that will result from loading and running 
the reactor. 

On the other hand, Federal Minister 

Riesenhuber sees no reason for not com- 
pleting construction and putting the reac- 
tor into service. He feels that cancellation 
of the Kalkar project would undermine all 
“sensible support of research”. August 
Wilhelm Eitz thinks similarly: “The object 
(of the project) is not to produce cheap 
electricity or extra plutonium but to prove 
that the system functions as a power plant, 
as a basis for future power plants of this 
type.” 
Farthmann denies however that there is 
still a useful research element in the pro- 
ject. Another fast breeder in Germany is 
unthinkable. No similar reactors are plan- 
ned elsewhere, so that West Germany 
would not be able to sell its know-how. 
There would be more interest in the 
French Super-Phénix technology. Wolf 
Häfele still believes that “the breeder is 
the only technology that at present allows 
uranium to be managed with negligible 
use of resources”, denying that the pre- 
sent developments can be extrapolated 
into a distant future. 

Minister Riesenhuber is aware of the 
seriousness of the opposition. He prom- 
ised Reimut Jochimsen on 16 August that 
he would issue a policy declaration about 
the nuclear disposal problem and about 
fast breeder technology in general. He in- 
sists there will be no problem about 
issuing permits for nuclear disposal. 

The Economy Minister of Nordrhein- 
Westfalen was more hesitant; apart from 
the question of disposal, he is not con- 
vinced of the political need for the project. 
Jochimsen will probably make his decision 
later this month. That decision will prob- 
ably be the first to throw light on the ques- 
tion whether or not the Federal Republic 
has sunk DM 7,000 million in a research 
disaster. If Jochimsen says no, however, 
there will almost certainly be a protracted 
lawsuit before the issue is finally settled. 
The federal government can, if it wishes, 
force the Nordrhein-Westfalen govern- 
ment to grant a permit. A Land govern- 
ment for its part can object through the 
courts to such federal instructions. The 
proceedings would be protracted. And 
then the fast breeder project could be kil- 
led by more delay. Jürgen Neffe 
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Hydroengineering 


Seea 


_ Go-ahead for Danube 


< -THE controversial Gabcikovo-Nagymaros 
hydroengineering project on the Danube, 
halted last February under pressure from 
Hungarian environmentalists, is to go 
ahead. But the Hungarian government 
has pledged itself to “take into considera- 
tion” the recommendations of an expert 
committee, whose members include rep- 
__. resentatives of the Hungarian Academy of 
<> Sciences and the National Council for the 
Environment and Nature Protection. At 
the same time, the cooperation agreement 
02: between the Czechoslovak and Hungarian 
academies. will be extended to include 
long-term monitoring of the environmen- 
tal effects of the dam. Revised completion 
= dates. for the hydroengineering projects 
have been set at 1980 for the 720 MW 
facility at Gabcikovo, 1193 for the 160 
MW Nagymaros plant, and 1995 for over- 
all completion. Both dams are intended to 
serve as peak-hour generators, both 
countries being committed to nuclear 
power for round-the-clock supplies. 
<, The Czechoslovak side has always been 
“keener on the completion of the project, 
‘principally because of the benefits from 
the flood-control effects; the damage to 
the water table of northern Hungary, on 
the other hand, may cost more to remedy 
(by providing alternative drinking water 
supplies) than the estimated saving in 
energy costs. There is also the consider- 
able psychological factor (for the Hunga- 
rians) that, as a result of the scheme, the 
main navigational channel of the Danube, 
which at present forms the international 
frontier between Czechoslovakia and 







Hungary, will be diverted into Czechoslo- . 
vak territory, while the course of the fron- 


tier will be marked by a virtually dry ditch. 
Furthermore, the major part of the elec- 
tricity generated will accrue to Czechoslo- 
vakia from the Gabctkovo dam, whereas 
the main purpose of the Nagymaros in- 

= Stallation is to contain the surges from 
Gabcikovo. 

The latest plans, apparently, no longer 
demand that the Nagymaros dam should 
be in itself cost-effective. Hungary has no 
oil or coal that could be used to fuel peak- 


hour generators, and the only available : 
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environmentalists, 
government decided to take advantage of 
the friction to resume “active contacts” 
with Austria (after a gap of 25 years) on the 
use of the joint section. A protocol signed |- 
between the two sides in Vienna last week | 


Dunakitili 


Kis Duna 


domestic fossil fuel, lignite, would, the 
government claims, be more harmful to 
the environment than would the dam. 

Two years will be spent monitoring 
existing conditions of both river and 
ground-water before any overall move- 
ment of water is implemented, with a 
further year of monitoring once water 
movement starts. There are likely to be 
sewage works, and household and irrigat- | 
ion water for the affected areas. 

One major objection to the project, 
however, remains unanswered: the threat | 
to the flora and fauna of the Danube and its 
bayoux due to the construction of the stor- 
age reservoir at Gabcikovo and the diver- 
sion of some 25 km of its flow through an 
artificial concrete channel. Nor, specifi- 
cally, have there been any assurances to 
the inhabitants of the settlements down- 
stream from Gabcikovo, who fear that, if 
the Czechoslovak dam were to be 
breached by an earthquake (the site is a 
seismic zone), there would be extensive 
flooding as far downstream as Budapest. 

Public opinion in Hungary thus seems 


Second front 


Waie pressing for the implementation of 
the Gabcikovo—Nagymaros project, the 
Czechoslovak government has consistently 
castigated the Austrians for their “uni- 
lateral” decision to build a similar hydro- 
electric station at Hainburg, just upstream 
of the joint Austrian—Czechoslovak section 





of the river. The Hainburg dam was halted 


last winter under pressure from Austrian 
but the Czechoslovak 


instructs a group of experts to formulate a 


programme, taking into account the “justi-. 


fied requirements and interests” of both 
states, the needs of international shipping 


and the environmental problems of the | : 


area, while making the fullest possible use 
of the hydroelectric potential of the 
river. Vera Rich 
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onaval base. 


Estonia. Fe 
_ thought that fuel for Finland's Soviet-bu 
-nuclear power stations is transporte: 
rail to Tallinn and then ee to 


Baltic states; several of the signatories 
were 
agitation. 























































unconvinced by the assurances of a go 
ernment which, it believes. has be: 
separately trying to withdraw from t 
project since 1981, but which has be 
unable to do more than buy time for. 
Czechoslovak partner. The clamp-dov 
on media discussion of the project, eal 
‘in 1984, was accompanied by what seem 
to be carefully leaked rumours that 
Kadar was trying to negotiate a Hunga 
withdrawal by “quiet diplomacy”. 
` The announcement that the proje 
would. after all go ahead has, perh 
unjustifiably, uae considerat 
_disappoin ment, i 


Estonia nt adioactivity : 
Lax handling ol 
Soviet fuel 


Poor safety precautions at a nuclea 
waste dump in Estonia have caused th 
death of at least one worker, according to 
an Estonian engineer who defected to 
Sweden last year. The defector, who hac 
temporarily worked at the Saku nuclear 
dump some 15 km south-east of Tallinn 
last week told a reporter from the Syds 
venska Dagbladed that the dump const 
of a simple concrete bunker in the forest 
which is leaking waste. Radioactive mate 
rial is brought to the dump in trucks tha 
are not properly equipped for the trans 
port of hazardous cargo. Radiation 
‘related disease is therefore common among 
those who have to service or transpir 
material to the dump. 
~ This is not the first time that reports o 
radiation sickness in Estonia have reachec 
Sweden. Some three years ago, dissiden 
Estonian sources claimed that it was ende 
mic among the forced labourers employe 
to clean nuclear submarines at the Paldisk 



































safety is an emotive issue 
“or-some years it has be 


Nuclear. 
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AN contamination, ‘while ot é 
sence of nuclear submarines. at the ‘Pa 
ki and Naissar bases ` iS. viewed: 


group of human igs activists from 
Lithuania, Latvia and Estonia wrote 
open letter to the heads of the gove 
ments of the Soviet Union, Icela 
Norway, Denmark, Sweden and Finlanc 
petitioning that their planned. Nordi 
Nuclear Free Zone should include th 


duly convicted. of anti-Sov t 








































~ Yow leading aries, on 27 June, 18 
25 July and 1 August, on the prolifera- 
io nd safeguards implications of emer- 
‘nuclear technology and nuclear com- 
ce and on arms control difficulties, all 
elate to the current Non-Proliferation 
} Treaty Review Conference and its 
ely success or failure. It is a consolation 
Nature has given this conference and 
attendant issues so much coverage, 
en the other science journals and cur- 
it affairs journals have: vardlý afforded 
'T a mention. 
should like to comment further on one 
particular aspect you raised on 1 August, 
that of the nature of Euratom safeguards 
s applied to the United Kingdom. There 
§ a Continuing problem in that the United 
ingdom government still refuses to 
dmit safeguards inspectors from the In- 
ernational Atomic Energy Agency or 
‘uratom to the Windscale Magnox repro- 
sssing plant at Sellafield, on the grounds 
iat nuclear material from both British 
luclear Fuels’ military designated plants 
nd the electricity boards’ reactors are 
ither co-processed or processed sequen- 
ally. This means that the physical inspec- 
on of the fissile material within the re- 
processing plant is not possible; only 
ook-keeping checks are allowed. Fore- 
ign governments, including that of the Un- 
ited States, must rely upon the honesty of 
the British government when it states that 
no swapping of civil to military plutonium 
takes place. There are no meaningful safe- 
guards applied to plutonium in the United 
Kingdom. | 
_ That this is becoming an important issue 
is spelled out by former UK government 
nergy consultant Jan Smart in the August 
985 issue of Nuclear Engineering Interna- 
onal ,in which he points out in a preview 
: for the NPT Review Conference 
here is rising pressure on the United 
. Britain and France to draw a clear- 
: between ail civil and military nuc- 
‘rations, especially in the fuel cy- 
r example, by renouncing any milit- 
of material obtained by reproces- 
vil reactor fuel. That pressure may 
se in the aftermath of the [NPT] 
w Conference.” 
- British government told Parlia- 
on 13 May that it had no intention of 
; the problems of applying safe- 
ds at Sellafield at the NPT Review 
rence. It: i not surprising. In the 70 
entary questions it has been asked 
ically on plutonium since the begin- 
g of the year, it has been less than 
forthcoming. Indeed, so parsimonious has 
been with details, that one begins to 
wonder whether it has anything insidious 
to hide. One contrasting example will suf- 
fice to show the problem at its starkest. 
> On 15 January, the Secretary of State 
for Energy stated to Parliament that it was 
not the practice” of the government to 




































d roliferati ion 


release details on the Mutual Defense 
Agreement on atomic energy matters 
signed between the United States and the 
United Kingdom. This agreement, dating 
from 1958, has enabled plutonium and 
highly enriched uranium and tritium to be 
exchanged across the Atlantic, as well as 
provided for other common nuclear 
weapons development. There are worries 
in some quarters that some of the pluto- 
nium sent from the United Kingdom 
was created in electricity board rather 
than military reactors, hence blurring 
the “atoms for peace” profile of nuclear 
energy. | 

On 23 May, however, when the govern- 
ment was asked for details of all the nuc- 
lear weapons tests carried out by or for the 
United Kingdom and the United States at 
the Nevada test site, their code names and 
whether conducted below or above 
ground, the government replied with full 
details, despite the fact that these tests 
were conducted under precisely the same 
1958 Mutual Defense Agreement on 
which the government refuses to divulge 
details on fissile material exchanges. 

To the outsider, it seems that something 
odd may be happening. It would be in the 
interests of all that the United Kingdom 
government should fully explain its posi- 
tion before or at the NPT Review Confer- 
ence. The patience of the non-nuclear 
states over the antics of the nuclear 
weapons states aiding each others’ 
armouries surely has only limited life be- 
fore it snaps. Then we will witness the 
collapse of the non-proliferation regime. 

DaviD Lowry 
European Proliferation 
Information Centre, 
258 Pentonville Road, 
London N1 9JY, UK 





Down with metric 


Sir—I agree with Dr D.C. Jolly (Nature 8 
August, p.480) about the demerits of the 
metric system. 

The metre is now defined as the dis- 
tance travelled by light, in vacuo, in 1/299 


absurd number to choose — its only merit 
is that it preserves the metre as the basis of 
the SI system. If we were to start afresh, 


defining the speed of light instead of 


measuring it, we would surely choose a 
more convenient number such as 3x 10*, 
or even better 10°. The latter would have 
the advantage that the new unit of length 


| would be very close to the foot (about 14 


per cent shorter) and this I feel opens the 


| way to a rehabilitation of the pre-SI units. 


The realization that light travels at 


| almost exactly 10° ft s` ' prompted me to 
investigate whether there is any system of 


gives values close to integral powers of ten 
for the fundamental constants C, G and h 












| 


` work, 


(orf). Paina work on the rod-grain 
system was fairly encouraging but failed to 
find a sensible unit of time. However, 
when the strict requirement on units being 
powers of ten was relaxed to include sensi- 
ble multipliers (i.e. not 3 and certainly not 
2.99792458), it turns out that the foot- 
pound-second system works splendidly. 
In the relevant units, c = 9.8x10°, G = 
1.07 10° and 44 = 1.001x10™. 

If we choose a system of units in which c 
= 10°, G = 10° and 4/ = 10” (all exactly), 
the units would be 1 new foot (or whatev- 
er) = 1.060 old feet, 1 new pound = 0.960 
old pounds and 1 new second = 1.078 old 
seconds. I foresee no problems in intro- | 
ducing new feet and new pounds — we | 
have coped remarkably well, all. things — 
considered, with the horrible metre and — 
kilogram — but the new second may be 
something of a nuisance (clocks, calen- 
dars, etc.). However, the Earth’s rotation 
is well known to be slowing down and the 
length of the day is increasing by roughly 8 | 
seconds every million years. Thus, one ` 
day will contain 86,400 new seconds in » 
about 800 million years’ time. Perhaps we 
should delay the counter-revolution in our 
adopted system of units for a while. 





W.G. REES 
University of Cambridge, 
Department of Physics, 
Cavendish Laboratory, 
Cambridge CB3 0HE, UK 
Pain in animals 


Sir--The view expressed by Robert 
Sharp (Nature 25 July, p.290}, that it is 
impossible: to assess pain in laboratory 
animals, is not likely to be accepted by 
those who study this particular problem 


. nor by those called upon to perform the 


task, including most members of the. 
veterinary profession. 

Although it may be said to be “imposs- 
ible” to find guidelines for the assessment 


of pain that guarantee agreement on the 
_ degree of severity, guidelines are used and 
are being constantly improved. In most 
` cases, in applying such guidelines, signifi- 


cant disagreement is unlikely, except - 


_ perhaps on the distinction mild/moderate 
_and moderate/severe pain, which may be 
792 458 second. This seems to me an | 


resolved by taking the opinions of others 
experienced with the species involved. 


In order to maintain and improve the 
health and welfare of animals and man, it 


continues to be necessary to subject some 
animals to experimental procedures. Un- 


fortunately, it appears that those who are 
concerned about such use of animals are 


not always willing to accept that, despite 
the interferences sanctioned under licence 
as part of a procedure, the welfare of the 


- animals concerned is and will remain, the 


first priority of those who carry out this 
V. MoLoNY 


-= Department of Veterinary Ph ysiology, 
units (metric, imperial or otherwise) that | 


University of Edinburgh, 
Royal (Dick) School of Veterinary Studies, 
Summerhali, eer EH9 1 QH, UK 
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-NEWS AND VIEWS 


i] 


Nuclear winter can cross Equator 


A new calculation shows that smoke from nuclear conflagrations will reach the Southern Hemisphere 
from a northern nuclear war, especially in the northern summer. But many other problems persist. 


How certain is the picture built up in the 
past few months of the nuclear winter that 
would follow a major exchange of nuclear 
weapons? Later this month, the group 
appointed by the Scientific Committee on 
Problems of the Environment (SCOPE) 
of the International Council of Scientific 
Unions to brood about the nuclear winter 
and the other consequences of nuclear war 
will be making public its first report; by all 
accounts, it will be more a judicious 
assessment of what remains to be done to 
define the uncertainties in the problem 
than a prescription of what the nuclear 
winter would be like, which is entirely 
appropriate. 

Meanwhile, the article by Stanley L. 
Thompson on p. 35 of this issue will help 
to fill one ımportant if small gap in pre- 
vious arguments: smoke caused by a nuc- 
lear war between combatants in the 
Northern Hemisphere will rise in altitude 
faster, and spread more quickly to the 
Southern Hemisphere, than smoke from 
a nuclear war in the north during the 
northern winter. The conclusion is what 
would be expected from crude hand- 
waving; the explanation is largely that in- 
solation energizes the atmosphere pre- 
dominantly in the summer hemisphere. 
But since the interhemispheric transfer of 
smoke was of necessity neglected in the 
original calculations, and because its dis- 
tribution affects the expected changes of 
temperature supposed to lead to nuclear 
winter, it is valuable that the point has 
been established by a strictly global three- 
dimensional model of the atmosphere. 

Readers will also note that Thompson, 
like others working in this field, lists sever- 
al points on which it appears that the first 
accounts of nuclear winter must in due 
course be refined. One of the most ob- 
vious of these is also one of the most inac- 
cessible — the estimates that are used for 
the quantities of smoke lofted into the 
atmosphere after the conflagrations likely 
to be started by a general exchange of 
nuclear weapons. It is generally agreed 
that urban and rural fires will be respec- 
tively more and less effective generators 
of smoke, but there is much more scope 
for argument about the quantities likely to 
be produced by general urban conflagra- 
tions. One difficulty is that the issue can- 
not, by definition, be resolved by experi- 
ment; even conventionally started fires 
would be pale imitations of those likely to 
follow nuclear attacks on cities, while the 
few historical opportunities for observa- 


tions (as at Dresden and Tokyo towards 
the end of the Second World War) have 
been lost. Moreover, to the extent that the 
severity of a nuclear winter would be 
directly determined by the amount of 
smoke released into the atmosphere in a 
nuclear exchange, the course. of a post- 
attack winter is bound to be a sensitive 
function of the exact pattern of the attack. 

Thompson also draws attention’ to the 
need for a better understanding of the way 
in which some part of the smoke gener- 
ated by large fires would be promptly re- 
moved by the clouds they necessarily 
generate. This mechanism was part of the 
reason given by Dr Edward Teller last 
year for scaling down the original predic- 
tions of nuclear winter by R.P. Turco et al. 
(Science 222, 1283; 1983). It would be sur- 
prising if large fires prove to be in some 
sense self-limiting in their consequences 
for direct insolation, but there is equally 
no obvious reason why effect and cause 
should be arithmetically proportional to 
each other. Again this is a point which ts 
almost impossible to check directly. 

Still another difficulty, which Thomp- 
son does not on this occasion list, is that of 
knowing what are the consequences of the 
inevitable patchiness in the cloud of 
smoke from several nuclear conflagra- 
tions, at least in the early stages in the 
evolution of a nuclear winter. Originally, 
Turco et al. supposed that several days 
would pass before their cloud of smoke 
was uniformly dispersed over some band 
of latitude. Put crudely, the difficulty is 
that of estimating the climatic consequ- 
ences of two neighbouring vertical sec- 
tions of the atmosphere, one normal, the 
other in which the vertical flux of solar 
radiation is much reduced by the effects of 
smoke in the upper troposphere. 

Calculations cannot be straightforward, 
given that the system is far from equilib- 
rium. But it is entirely possible that two 
such adjacent slices of the atmosphere 
would function as a means of carrying wa- 
ter vapour high into the atmosphere, so as 
to form clouds that would then remove 
smoke. But even if that were possible, 
precisely what happened would no doubt 
depend sensitively on the nature of the 
underlying terrain, sea surface or dry land. 

Merely to list uncertainties such as 
these, among which are the difficulties of 
including real clouds rather than average 
cloudiness in climatic models, is not to 
demonstrate that nuclear winter is an illu- 
sion. At this stage, there is probably no 


reason to dissent from the statement in 
Thompson’s article that the uncertainties 
in calculating nuclear winter allow effects 
that range from “mild local cooling to sub- 
freezing temperatures on a global scale”. 

The immediate consequences. of the 
likelihood that a major nuclear war, in- 
volving the use of a substantial fraction of 
the world’s nuclear dedicated nuclear ex- 
plosives, are similarly problematical. It 
has sometimes been argued that the possi- 
bility of nuclear winter of such a severity 
that most living things in at least one 
hemisphere would be killed argues for a 
reduction of nuclear stockpiles below 
whichever threshold may make such a 
catastrophe possible. But that is not a uni- 
que argument for arms control agree- 
ments that will effect a reduction of nuc- 
lear arsenals on such a scale; people’s fond 
wish to sleep easily at night is a sufficient 
case for that. 

Others say that the severity of the stan- 
dard nuclear winter as first described by 
Turco et al. makes nonsense of existing 
arrangements for dealing with some of the 
consequences of nuclear war, plans for 
building fallout shelters, for example. In 
reality, the validity of this argument is 
more restricted. Even if the predictions of 
the kind of nuclear winter that would fol- 
low an all-out exchange of nuclear 
weapons are correct, the assumption that 
all nuclear wars must be all-out wars is 
surely mistaken. On at least some credible 
opinions about the course of events that 
might lead to nuclear war, the first steps 
would entail the use of small numbers of 
nuclear weapons, perhaps tactically in 
places such as central Europe. The func- 
tion, misguided though it may be, of such, 
hostile acts would be to extend a threat of 
seriousness to an opponent in time to 
force second thoughts, for which purpose 
just one or two weapons might suffice. 
Fallout shelters may have some value in 
those circumstances. 

The implications of all this are simply 
that there is no obvious way in which the 
concept of nuclear winter affects strategy 
and international relations in ways that 
are unique. Non-nuclear weapons states 
such as India may rightly claim that the 
prospectus threatens them when they 
might expect to escape direct consequ- 
ences of a major nuclear war between ma- 
jor nuclear powers, but that is only a part 
(and a recent part) of their traditionally 
stolid attitude on the need for strategic 
nuclear arms control. John Maddox 
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Plasma motion near comet cores 


from D.J. Southwood 


CoMETARY fever is rising in the space 
science community with the launching of 
space probes to Comet Halley and the im- 
minent encounter of the old ISEE 3 space- 
craft (now renamed International Comet- 
ary Explorer) with Giacobini — Zinner, 
One group could be said to have stolen a 
march: on 27 December last year the West 
German spacecraft of an international 
mission was enveloped by what was 
heralded as the first artificial comet, a 
cloud of ionized barium released from the 
spacecraft itself, and observed from Earth 
as well. But, by the time of the third meet- 
ing of the AMPTE (Active Magneto- 
spheric Particle Tracer Explorers) science 
team held in June at Thornbridge Hall, 
Derbyshire, doubts were arising about the 
appropriateness of the cometary epithet 
amongst the scientists from the three 
nations (United States, West Germany 
and United Kingdom) involved in the 
mission, 

It had, of course, been realized that the 
release, made in the solar wind on the 
dawnside of Earth one hundred thousand 
kilometres above the Earth’s surface, 
would throw no light on the cosmogonic 
problems that could only be resolved by a 
spacecraft encounter with a comet; but it 
was confidently believed that the solar 
wind deflection, cometary plasma tail for- 
mation and depletion processes would be 
mimicked, The initial images obtained 
from the ground and from aircraft of the 
ion cloud expansion, elongation and even- 
tual dispersal (after about five minutes), 
only served to confirm that prejudice. So 
did the magnetic field measurements 
made on the German IRM (Ion Release 
Module) spacecraft and its nearby 
companion, the UKS (United Kingdom 
Satellite), in the immediate vicinity of the 
cloud. In particular UKS recorded clearly 
the ‘draping’ of the field over the cloud 
exactly as was expected. Now, as the 
detailed analysis is proceeding, second 
thoughts are occurring. Analysis is com- 
plex because both IRM and UKS carried a 
complement of field and plasma instru- 
mentation and the teams are having to 
come to terms not only with the images 
obtained from afar but also with the in situ 
measurements of local plasma conditions 
in and near the cloud. 

The dramatic evidence that the team is 
now coming to terms with concerns the 
relative motion of the 1on cloud and the 
faint residue of non-ionized barium that 
can just be detected ın some of the images. 
Simple ideas from cometary theory led 
one to expect the cloud to move away 
from the Sun. The reason is straight- 
forward: momentum is absorbed from the 
solar wind which is moving radially away 


from the Sun. Gerhard Haerendel of the 
Max Planck Institut fir Extraterrestrische 
Physik, the German project scientist, 
summarized the overall picture that 1s 
emerging. At the core is a very surprising 
result: the initial motion of the ion cloud 
formed at the core of the release was 
transverse to the solar wind direction. 
Where does the transverse momentum 
come from? It seems that it is due to a 
recoil effect from a stream of high speed 
ions leaking out of the cloud in the 
opposite sense. These ions later form the 
dominant component of the tail which 
ultimately extends thousands of kilo- 
metres away from the original hundred- 
kilometre-radius cloud at the core of the 
release. Although dissatisfaction had 
been expressed by many about the simple 
cometary theory based on magnetohydro- 
dynamics (MHD), the high-speed ions 
were unexpected. 

It is important to note that all inter- 
actions take place in a medium that is 
collision-free: the mean free path is orders 
of magnitude larger than the cloud. The 
electromagnetic field structure that pro- 
duces the observed effects is complicated 
and presents an exciting challenge to 
plasma physics. In some respects, the 
physics resembles that required to 
describe collisionless shocks but with the 
further complication that the cloud ‘ob- 
stacle’ to the solar wind is relatively small 
and evidently three dimensional —- whereas 
shock theory is normally developed for 
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planar structures. Shock scale lengths are 
short, however, and comparable with that 
of the cloud core, which is smaller than the 
magnetic (Larmor) gyration radii of either 
the solar wind ions (300 km) or the newly 
created barium tons (3,000 km). The ions 
behave as if they are unmagnetized. One 
consequence ıs that the obstacle has a high 
Hall conductivity, and therefore carnies 
large currents perpendicular to any ap- 
plied electric field. Such effects are neglig- 
ible when MHD is valid. As often occurs 
in plasmas, it ıs when MHD breaks down 
that the really surprising physics is found. 
The momentum transfer between cloud 
and wind requires substantial electron 
heating as an intermediate process. Some- 
how a smail fraction of the released ions 
manage to tap into the energy carried by 
the heated solar wind electrons and this 
gives rise to the curious effect reported. 
Despite these comments, the results 
are probably still relevant to comets. 
Cometary cores can be small compared to 
the Larmor orbit scale of the massive ions 
believed to make up the cometary plasma 
environment. The relatively scant notice 
so far taken of such facts may be due to 
theory never before having to come to 
terms with the reality of in situ measure- 
ments. In the broader context the results 
on anomalous acceleration and heating of 
plasmas are going to be of importance not 
only to plasma physics but also for astro- 
physics. In these experiments we see a 
cosmic process writ small. The team have 
a second opportunity to test their ideas as 
another barium release took place outside 
the magnetosphere on the duskside of 
Earth on 18 July. eg 


D J. Southwood is in the Space Physics Group, 
Blackett Laboratory, Imperial College, London 
SW7 2AZ, UK. 
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The duellist and the monster 


from Ian Stewart 


One of the more romantic figures in 
mathematics is the young revolutionary 
Evariste Galois, who wrote down his ideas 
on the theory of equations the night 
before a fatal duel, ostensibly over a lady. 
He introduced what ıs now called the 
Galois group of an equation, which meas- 
ures how symmetrical ıt is and contains 
information about its solutions. Ever 
since, mathematicians have wondered 
which groups can occur as Galois groups. 
John G. Thompson (J. Algebra 89, 437; 
1984) has now found new ways to realize 
specific groups as Galois groups, including 
a remarkable ‘sporadic simple group’ 
known as the monster, because of tts 
enormous size. 

Galois showed that an equation can be 
solved by radicals — a formula involving 
nothing worse than nth roots — if, and 
only if, it has a restricted type of sym- 


metry: its Galois group must be ‘soluble’. 
For example, the general equation of the 
fifth degree has a Galois group containing 
all 120 different ways of permuting its five 
roots. This is insoluble, hence the quintic 
equation cannot be solved by radicals. 
The group is known to be insoluble 
because it contains within it a smaller 
‘simple’ group A, with only 60 elements 

(A simple group is one that cannot be 
broken down into smaller groups in a 
particular way.) : 

It seems to have been Emmy Noether, 
the most famous woman mathematician, 
who first asked which groups could occur 
as Galois groups. The most likely answer, 
“all of them”, has never been proved or 
disproved. Over a period of time, various 
partial answers were obtained, notably by 
Igor Safarevié, culminating in a proof that 
every soluble group is a Galois group. The 
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main obstructions to extending this result 
to all groups-are the simple groups. 
Simple groups are the ‘atoms of sym- 
metry’. Over the past few decades, an 
intense research programme has achieved 
the group-theoretical equivalent of Men- 
deleev’s periodic table by finding the 
complete classification of all simple groups. 
These groups fall into many infinite 
families with similar properties, but there 
are\26 curious exceptions, :the sporadic 
groups. The largest of these, the monster, 
was first placed in evidence by Bernd 
Fischer and finally captured by Robert 
Gniess (who attempted, unsuccessfully, to 
rename it the friendly giant). It contains 
precisely 808,017, 424, 794, 512, 875, 886, 
459 ,904, 961,710,757 ,005 ,754, 368,000, 
000,000 elements — roughly one septem- 
decillion symmetries. Griess tracked it 


down as a group of rotations in a 196,883-., 


dimensional space. Many existence proofs 
for sporadic simple groups make essential 
use of computers, but the size of the 
monster seemed to exclude any compu- 
tational approach. Griess solved the 
problem by not using a computer at all. — 

Modern algebra has recast Galois’ 
original work in the context of ‘algebraic 
number fields’. A field is a mathematical 
system in which all the usual operations of 
arithmetic can be performed, subject to 
the usual laws; so if every element of the 
field is a root of an equation with whole 
number coefficients, then we have ‘an 
algebraic number field. A given field,K, 
can be extended to a larger one,L, by 
‘adjoining’ the roots of an equation with 
coefficients in K. For example, the com- 
plex numbers arise from real numbers by 
adjoining a number i such that i7+1 =0. 
The Galois group of an equation with 
coefficients in K may then be thought of as 
the group of symmetries of L that fix K. 
Here, L is obtained from K by adjoining 
the roots of the chosen equation. 

Thompson’s work blends these two 
ingredients, Galois theory and simple 
groups, in a highly original way. It exploits 
a connection with a totally different area 
of mathematics — complex functions -— 
that is becoming a recurrent theme in 
post-classification simple group theory. 
Thompson defines a notion of rigidity of a 
group (roughly, this means that its ele- 
ments combine in a reasonably nice way), 
and proves that every rigid simple group is 
a Galois group of an equation with coeffic- 
ients in a suitable algebraic number field. 
The monster may be proved rigid; and 
there are two alternatives for the algebraic 
number field. It can be either the rational 
numbers p/q (p,q are integers) or the 
extension obtained by adjoining 471. 
Another family of rigid groups is 
PSL,(2"), a group of projective transfor- 
mations of a 2-dimensional space with 
coordinates in the finite field with 2’ 
elements (whose existence and unique- 
ness was also discovered, cone 
by Galois). 

The function theory used goes back to 
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the classical era, and concerns ‘Fuchsian 
groups’. These are certain groups of trans- 
formations of the complex plane, of the 


form z—>(az+b)/(cz+ d). Much is known 


about complex functions that are invariant 
under such transformations (for example, 
elliptic functions). Thompson’s proof 
makes heavy use of a particular Fuchsian 
group, I, which has to satisfy a whole 
series of conditions: it 1s a torsion-free 
Fuchsian group of the first kind, of zero 
genus, with cusp number at least 6..., and 
so on. It is not necessary to define the 
terms to see that the choice of F must be 
made very carefully. As Thompson says, 
“It is a tight squeeze, but such a T exists”. 
The equation whose Galois group is the 
given simple group is then constructed by 
an elaborate argument involving the 
Riemann surfaces associated with various 
subgroups of T. The combination of 
rigidity of the simple group, and the 
special features imposed on T, combine 
to make the strategy effective. 

The above discussion may perhaps 
make Thompson’s work seem like very 
specialized and technical mathematics, 
but its influence is likely to be extensive. 


The monster, for example, is acquiring 
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importance in mathematical physics. 
Symmetries in nature are central to much 
of quantum mechanics, so exceptionally 
symmetrical objects such as the monster 
stand out as being worthy of investigation. 
The realization of the monster as a Galois 
group has recently been applied by Jean- 
Pierre Serre (Commentarit Mathematci 
Helvetici 59, 651; 1984) to the Witt invari- 
ant of a quadratic form of importance in 
Galois cohomology (a modern decendant 
of Galois theory). 

Thompson himself notes that further 
developments would be possible, given 
improvements in complex function theory. 
A ‘better’ choice of the group [ would 
remove a rather artificial restriction in the 
current concept of rigidity. But even in its 
present form, the theory ts a remarkable 
conjunction of group theory, Galois 
theory and function theory. It looks as if 
Emmy Noether’s problem is starting to 
succumb to a three-pronged attack, and 
already the classification of simple groups 
is bearing fruit in several other areas of 
mathematics. O 


lan Stewart ts at the Mathematics Institute, Uni- 
versity of Warwick, Coventry CV4 7AL, UK. 


An ecological perspective 


from John R. Krebs and Malcolm J. Coe 


THANKS in no small part to the activities of 
Bob Geldof, public awareness and sym- 
pathy is probably greater than ever before 
for the plight of those living in the African 
Sahel, a semi-arid belt girdling Africa and 
including 10 countries from Senegal and 
Mauritania in. the west to Ethiopia and 
Somalia in the east. The exact causes of 
the disaster are much less clear. While 
there is no doubt about the effect — ‘de- 
sertification’, that is loss of vegetation and 
replacement with bare soil, sand or rock 
-— the factors that have brought this about 
are by no means obvious (Farmer, G. & 
Wigley, T.M.L. Climatic Trends for Tro- 
pical Africa; University of East Anglia, 
1985). According to one view, probably 
shared by most of the public, the major 
cause is meteorological: a sequence of 
years in the 1970s with below average rain- 
fall — below, that is, the average of 100 
mm in the north and 500 mm in the south 
(Sanford, S. Management of Pastoral De- 
velopment in the Third World; Wiley, New 
York, 1983). The contrasting idea is that 
to alarge extent the desertification 1s man- 
made, resulting from a complex combin- 
ation of demographic, cultural and 
agricultural changes exacerbated by 
ill-advised aid schemes and colonial 
development in the region (see figure; 
Cloudsley Thompson, J. Int. J. Environ. 
Studies 2, 35; 1971). This view has recently 
been argued forcefully by A.R.E. Sinclair 
and J.M. Fryxell in the Canadian Journal 


of Zoology 63, 987; 1985. The issue is of 
crucial importance because, as we shall 
explain, it may have profound implica- 
ions for the best ways of spending aid. 
The key point of Sinclair and Fryxell’s 
argument is that the present disaster was 
precipitated by a change in the lifestyle of 
the Sahel people, from being migratory 
pastoralists to settling down around water 
holes drilled by development agencies. 
They point to the fact that the migratory 
lifestyle is the traditional and effective 
way of coping with an arid environment 
for man and his cattles as it also is for many 
of the vast herds of ungulates that live in, 
and to the south, of the region. The 1.3 
million wildebeest of the Serengeti Plains, 
for example, migrate seasonally from 
areas of high rainfall (1,000 mm per year) 
to semi-arid plains with a rainfall compa- 
rable to that of the Sahel (400 mm per 
year). These plains have a seasonal flush 


Settlement Migration 
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Suggested sequence of the two climate — 
vegetation feedback systems in semi-arid re- 
gions (from Sinclair, A.R E. & Fryxell, J M. 
Can. J. Zool. 63, 987; 1985). 
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of green vegetation (especially annual 
grasses) after the rains, and it is at this 
time of year that the wildebeest move in to 
crop the nutritious young plants. The food 
is of such, high quality that the animals 
calve during their stay in the semi-arid 
plains, but as soon as the surface water 
dries up they have to move back to the 
wetter areas where they feed on taller, 
perennial but lower-quality vegetation. 
The wildebeest’s pattern of migration is 
seen in more or less parallel form in other 
herbivores, although some simply dis- 
perse rather than undertake regular 
migrations It not only allows them effi- 
ciently to exploit their arid environment, 
but also sustains the vegetation. When the 
wildebeest leave the semi-arid plains, the 
annual grasses håve a chance to grow (and 
perennial grasses to build up reserves) and 
set seed before moisture leaves the soil, 
providing the basis for next year’s crop. 

Traditionally, the pastoralists of the 
Sahel followed the same pattern as the 
wildebeest: taking or perhaps following 
their cattle northwards to calve, feeding 
on the high-quality grass in the most arid 
regions during the brief wet season, and 
then moving back south to keep their 
herds on low-quality vegetation during the 
rest of the year. An important factor 
bringing about the disruption of this tradi- 
' tional lifestyle was the provision of water 
at boreholes drilled in the semi-arid re- 
gions by development agencies. The wells 
had the effect of encouraging pastoralists 
to settle in the more arid parts of their 
range, with disastrous effects. Year-round 
grazing by their cattle deprived the annual 
and perennial grasses of a chance to re- 
cuperate and replenish themselves. Furth- 
ermore, the concentration of people and 
cattle around the water-holes compacted 
the soil so that plant establishment was 
suppressed. It is this effect, first noticed in 
the late 1960s before the supposed 
drought of the 1970s, that is central to 
the problem, according to Sinclair and 
Fryxell. The low rainfall of the 1970s prob- 
ably exacerbated the problem but was not 
the primary cause; although there have 
been several years of below-average 
rainfall in the past 15 years, there were 
similar periods in the past that did not 
have comparable effects. 

Other factors were also at work. The 
newly independent African states, for ex- 
ample, discouraged pastoralists from cross- 
ing national boundaries and encouraged 
them instead to settle near permanent 
water supplies. Meanwhile, medical and 
veterinary aid led to a rapid increase in 
population of both man and cattle, and 
traditional southern grazing areas of the 
pastoralists were turned over to crops such 
as sorghum, millet and peanuts. 

Desertification of the Sahel, then, was 
brought about by gradual spreading and 
coalescing of denuded, overgrazed areas 
around boreholes. Sinclair and Fryxell go 
on to argue that the denudation may itself 
have longer-term effects on the climate — 
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a view that has been much discussed be- 


fore and remains controversial. The es- 


sence of the argument is summarized in 
the figure. Loss of vegetation exposes the 
bare light-coloured soil, which has high 
reflectance and therefore has a cool sur- 
face that generates fewer upcurrents to 
carry moisture to higher altitudes where it 
can condense as rain. By contrast, in areas 
with better vegetation cover, the darker 
surface warms up to higher temperature, 
creating’ upcurrents that carry moisture 
(to-some extent produced by the vegeta- 
tion itself) upwards to form rain clouds. 
Thus overgrazing may conceivably cause a 
switch from one positive feedback loop to 
another, generating its own drought. 
Sinclair and Fryxell share the view held 
by most commentators and fund raisers 
that food aid, while it must be our primary 
moral concern, it in itself not enough. 
Where they differ from the majority view 
is in the kind of long-term planning that is 
needed to prevent repeated famines. 
Their evidence leads to the view that the 
traditional migratory lifestyle evolved by 
man and beast for exploiting the semi-arid 
Sahel is the most efficient and most viable 
option. Drilling more water holes, build- 
ing more houses and trying to encourage 
sedentary, crop-based agriculture in arid 
regions is not the solution. (Irrigation, 
another part of most proposals for de- 
velopment, has its own suite of problems 
and consequences, including salination of 
the soil, which are beyond the scope of this 
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article.) To re-establish the traditional 
mode of life of the Sahel people would be 
a long and difficult task: for one thing. the 
vegetation of the area would probably 
take 25 years to recover if given the 
chance; for another, the pastoral lifestyle 
could not be sustained at current levels of 
human and cattle populations. The inhe- 
rent and enormous difficulties are not, 
however, a reason for ignoring the advice 
and thinking about how to act upon it. 
_On a more general note, the views of 
ecologists such as Sinclair and Fryxell, 
with many years of field experience and a 
grasp of the fundamental principles of 
ecosystem management, are surely impor- 
tant and should be part of any integrated 
long-term aid scheme. Similarly, the fun- 
damental ecological research, by means of 
which such complex environmental issues 
can be thoroughly evaluated, should not 
be relegated to a sideline as it 1s, for exam- 
ple, by the current ‘utilitarian’ govern- 
ment view of university research in Bri- 
tain. The really big research issues facing 
the world are not those relating to frac- 
tional increases in the industrial produc- 
tivity of one or two already wealthy coun- 
tries, but instead those concerned with the 
fragile relationship between man and his 
environment, so devastatingly portrayed 
by the Sahel. O 


John R Krebs & Malcolm] Coe are lecturers in 
the Department of Zoology, Oxford University, 
South Parks Road, Oxford OXI 3PS, UK 
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Phototransduction changes focus 


from David Attwell i 


A MAJOR problem in vertebrate photo- 
transduction has been solved. Patch- 
clamp experiments, published in Nature 
earlier this year’ and in this issue’*, have 
resolved a long controversy over the 
identity of the so-called ‘internal mes- 
senger’, the signal that conveys to the 
surface membrane of the rod or cone the 
information that a photon has been 
absorbed by the receptor. 

The need for an internal messenger was 
originally suggested for rods. Light is 
absorbed by rhodopsin located in mem- 
brane disks that are isolated electrically 
from the surface membrane of the cell. 
This results in the closing of ion channels 
in -the surface membrane, and thus a 
change in the membrane potential of the 
cell. The first candidate for the internal 
messenger was calcium ions’, which were 
postulated to be released from the 
rhodopsin-containing disks and to diffuse 
to the surface membrane, where they 
would close the channels. The visual pig- 
ment in cones is located in infoldings of 
the surface membrane (see figure), rather 
than isolated disks, so that there is no 
absolute need for an internal messenger. 


For simplicity, however, it was suggested’ 
that calcium played the same role ın cones 
as in rods, with light allowing calcrum to 
enter across the surface membrane of the 
cell and to close channels by binding to the 
inner surface of the membrane. 

Biochemical and electrophysiological 
work on rods*’ led to a challenge to the 
calcium hypothesis: light absorption was 
shown to result in activation (via a GTP- 
binding protein in the disks)’ of a disk- 
bound phosphodiesterase, which hydro- 
lyses cyclic GMP. It was proposed that 
the resulting decrease in concentration of 
cGMP closed the ion channels in the 
surface membrane. 

The first direct evidence that the agent 
acting on the surface membrane is indeed 
cGMP, and not calcium, came from 
Fesenko et al.’ and Nakatani and Yau”. 
By perfusing different solutions on to 
the cytoplasmic surface of inside-out 
patches” pulled off rod outer segments, 
they showed that cGMP modulates the 
membrane current, while calcium does not. 
Further evidence for the lack of involve- 
ment of calcium came from whole-cell 
patch-clamp experiments’ which demon- 
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Schematic illustration of the main phototransduction pathway, which is now established in rods 
(left) and proposed for cones (right). In rods, light absorption by rhodopsin (Rh) in the rod 
outer segment leads to activation of a GTP-binding protein (G) that activates a phosphodies- 
terase (PDE). The PDE hydrolyses 3’:5’-cyclic GMP to 5’-GMP, lowering the cGMP concen- 
tration. In the dark, cGMP keeps open surface membrane channels, through which an inward 
ionic current flows. Light absorption results in these channels closing, hyperpolarizing the rod’s 
membrane, and thus generating a change in neurotransmitter release from the output synapse. 
In cones, cGMP opens the surface membrane channels’ *. By analogy with rods, light absorp- 
tion by the visual pigment (P, which has a structure different from rod rhodopsin) is proposed to 
lower the cGMP concentration via a GTP-binding protein and phosphodiesterase, although 
there is controversy about the existence of such a pathway in cones (see text). 


strated that calcium-chelating buffers, 
introduced into the cell from the patch 
pipette, do not abolish the light response. 

` Now cGMP has also been shown to be 
the internal messenger in cones. Haynes 
and Yau’, using perfused inside-out 
patches of cone membrane, find that 
cGMP modulates the membrane current 
whereas calcium is ineffective. Reinforc- 
ing this result, Cobbs et al.°, who intro- 
duce cyclic nucleotides into whole-cell 
patch-clamped cones by including the 
nucleotides in the patch pipette, demon- 
Strate that raising the concentration of 
‘CGMP in cones increases the light- 
modulated current. In both experiments, 
cAMP did not affect the current. This is 
important because biochemical work has 
suggested” that in cones light modulates 
the level of cAMP but not cGMP. 

Where will studies in phototransduction 
go from here? The results of the patch- 
clamping experiments suggest three main 
approaches for future work. First, there 
are still large gaps in our understanding of 
cone phototransduction. Although cGMP 
modulates the cone membrane current, it 
has recently been claimed” that cones lack 
the cGMP-phosphodiesterase, which one 
would expect (by analogy with the better- 
understood rods) to be a necessary inter- 
mediary between increases in illumination 
and decreases in the cytoplasmic con- 
centration of cGMP. Further testing of 
this result would now seem essential. We 
also need to know what makes the cones 
less light-sensitive than rods: although 


both absorb roughly the same number of 
photons, the change in membrane current 
produced by light is about 100 times 
smaller in cones than in rods. This is un- 
likely to be due to the light-modulated 
channels in cones carrying a much smaller 
current than those in rods as the channels 
in rods are among the smallest known, 
with a unitary conductance of about 0.1 
pS'™. A difference in gain at some earlier 
stage of transduction seems likely. 
Second, attention will now focus on the 
molecular details of the interaction be- 
tween cGMP and the light-modulated 


- channels. Since, in both rods and cones, 


ATP is not needed for cGMP to open the 
channels, the cyclic nucleotide is presum- 
ably acting directly rather than through a 
protein kinase. The dose-response curve 
for the action of cGMP suggests that at 
least two cGMP molecules must bind to 
open each channel”. Unfortunately, the 
current flowing through a single light- 
modulated channel is too small to be 
resolved directly by present patch-clamp 
techniques, so it is not at present possible 
to assess directly the kinetics of interact- 
ion of cGMP with the channel, as has been 
done for the acetyicholine-gated channel 
at the neuromuscular junction’. Noise 
analysis of the cGMP-gated current offers 
one solution”, and has led to the sugges- 
tion that cGMP increases the rate at which 
the channels open but has no effect on 
their closing rate“. 

Lastly, now that the calcium versus 
cGMP debate can be considered closed 
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and the main pathway of events ın photo- 
transduction is established, interest is 
likely to grow in how the gain of photo- 
transduction is regulated: gain changes 
occur in light adaptation; when the current 
response per absorbed photon decreases 
slowly during prolonged illumination. 
There are several points along the trans- 
duction pathway where gain control may 
occur. Light-induced phosphorylation of 
the visual pigment in rods might decrease 
the efficiency with which the pigment can 
activate the GTP-binding protein and 
hence the cGMP-phosphodiesterase”. 
The same phosphorylation also occurs in 
cones". Could calcium have a role in the 
context of gain control? Recent work 
suggests that, rather than rising as re- 
quired by the calcium’ hypothesis, the 
internal calcium concentration in rods 
drops when light is applied’. Lowered 
calcium is known to decrease the light 
sensitivity of the cGMP-phosphodi- 
esterase” and to stimulate the guanylate 
cyclase converting GTP to cGMP”, so the 
light-induced calcium decrease may well 
contribute to light adaptation. Other bio- 
chemical systems may also be involved: 
the suggestion that polyphosphoinositide 
hydrolysis plays a role in invertebrate 
phototransduction"” has been followed 
by reports that light alters polyphos- 
phoinositide metabolism in rods”, 
possibly affecting the rods’ membrane 
potential”. Sorting out the interactions of 
the different intracellular messenger 
systems is likely to prove exciting, not only 
because of the insight we will gain into the 
first stage of vision, but also because the 
light-activated events provide a model for 
other cellular control processes mediated 
by GTP-binding proteins. m 
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Surface physics 


Hopping atoms in on growth 


from Colin J. Humphreys 


How do crystals grow? This question has 
fascinated people ever since the beautiful 
six-fold symmetry of a snow-flake was 
observed through a tén-times magnifying 
lens. The paper by Bovin et al. on page 47 
of this issue presents dramatic new in- 
formation about crystal growth from im- 
ages of growing gold crystals, magnified 
over 30 million times using a high resolu- 
tion electron microscope and real-time 
video-recording. 

At this magnification, individual col- 
umns of atoms in the gold crystals are 
clearly revealed; it appears that not only 
are atoms on the surfaces of small crystals 
in constant motion, hopping from site to 
site, but also that the crystals are sur- 
rounded by clouds of atoms in constant 
interchange with atoms on the crystal sur- 
face. The clouds of gold atoms extended 
up to 9A from the crystal surface, con- 
tinually changing their shape and density. 

Similar events have been observed in- 
dependently by Sumio Iijima in Japan; a 
sequence of his micrographs showing very 
small gold crystals continually changing 
shape has already appeared in Nature’ 
(315, 628; 1985). Taken together, these 
observations may explain for the first time 
how atoms locate the most favourable 
positions during crystal growth. 

Why have atom hopping and atom 
clouds not been observed before? The 
answer may be that so far most structural 
studies of crystal growth have involved 
techniques such as low-energy electron dif- 
fraction or X-ray diffraction, often using a 
synchrotron source. These techniques use 
relatively broad beams of electrons or 
X-rays, and the diffraction information is 
therefore averaged over a corresponding- 
ly large area of the specimen surface; local 
structural changes on a smaller scale than 
the incident-beam diameter cannot easily 
be detected. High resolution electron 
microscopy, on the other hand, produces 
images at atomic resolution, enabling 
atomic scale events on and above crystal 
surfaces to be detected. 

Understanding how crystals grow is not 
only of scientific interest, but is also tech- 
nologically important. Thus in the elect- 
ronics industry, progress from very large 
scale integration to ultra large scale in- 
tegration is constrained by the quality of 
the silicon crystals available, so that better 
knowledge of growth mechanisms in sili- 
con and other semiconductors is essential. 
Similarly the behaviour of very small 
crystals is also of both scientific and 
technological interest. For example, many 
catalysts are composed of ultra-fine cryst- 
als whose activity is not well understood. 
The new ideas of atom hopping and atom 
clouds of Bovin et al. will have to be taken 


w 
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into account in catalysis. 

Pertinently the work of lijima on ultra- 
fine particles is part of the Japanese 
government’s Science and Technology 
Agency (STA) programme for Explorat- 
ory Research for Advanced Technology 
(ERATO), which specially supports 
materials research in areas selected for 
their intrinsic interest as well as strategic 
significance. Lack of British funds for this 
type of work was responsible for the emig- 
ration from Cambndge University to 
Arizona State University last summer of 
David Smith, a key meniber of the Bovin, 
Wallenberg and Smith team. 

Finally,a word of caution about this 
elegant and important paper is in order. 
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Heisenberg, in his thought experiment 
to illustrate the Uncertainty Principle, 
argued that the position and momentum 
of a particle cannot simultaneously be 
measured precisely in an optical micro- 
scope because the incident photon beam 
interacts with the particle. To what extent, 
in the present work, does the interaction 
of the incident electron beam with the 
specimen influence the observed atom 
hopping and atom clouds, for example by 
momentum transfer and ionization? I 
believe that further experiments are 
needed to resolve this uncertainty, but the 
work reported is stimulating and may well 
have far-reaching scientific and technol- 
ogical implications. 0O 
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Transducing proteins 


Yeast RAS and Tweedledee’ s logic 


from Henry R. Bourne 


THE discovery in yeast of genes with se- 
quence homology to the ras oncogenes of 
mammals has raised the hope’ that the 
sophisticated genetic technology available 
for the analysis of yeast physiology might 
become directly applicable to the bio- 
chemical analysis of mammalian tumori- 
genesis. It is known that the yeast RAS 
proteins are essential for proliferation and 
that they are responsible for the GTP- 
dependent activation of adenylate 
cyclase’. Thus many have speculated that 
adenylate cyclase, which is implicated in a 
number of cellular signal-transduction 
systems, may also.be the target of the 
p21 proteins encoded by viral ras 
oncogenes and their normal cellular coun- 


terparts. It has recently become clear, how- 


ever, that this attractive notion is wrong. 
This does not mean that yeast experiments 
cannot help to define the role of p21 in 
regulating cell proliferation and causing 
malignant transformation: merely that 
they will do so less directly than had been 
hoped. 

Two sets of observations had suggested 
a direct functional homology between 
yeast and mammalian p21. First, p21 from 
the cellular gene c-Ha-ras can substitute 
for yeast RAS proteins as a stimulator of 
adenylate cyclase and in support of yeast- 
cell proliferation’. The second observat- 
ion involves a mutation that substitutes 
valine for a specific glycine residue and is 
believed to confer oncogenic properties 
on the mammalian ras protein. The same 
amino-acid substitution affects the pre- 
sumptive GTP-binding site of the yeast 
RAS proteins, and causes them to stimul- 
ate yeast adenylate cyclase much more 


effectively, the consequent rise in cyclic 
AMP impairing the yeast cell’s ability to 
stop proliferating when deprived of nutrit- 
ion’. The parallel with the oncogenic 
effects of the mutation in the animal 
protein is compelling. 

All these observations -had led to the 
supposition that yeast RAS might be func- 
tionally equivalent to the so-called G pro- 
teins that bind GTP and regulate the activ- 
ity of adenylate cyclase in mammalian 
cells. But it is now clear from experiments 
in vitro that p21 does not in fact stimulate 
or inhibit mammalian adenylate cyclase. 
On page 71 of this issue‘, Beckner et al. 
report studies of adenylate cyclase in 
membranes prepared from normal cells, 
from cells transformed by the viral onco- 
gene v-Ha-ras, and from cells genetically 
deficient in the œ subunit of G,, the stimu- 
latory GTP-binding regulatory protein of 
vertebrate adenylate cyclase. In all three 
cases, adenylate cyclase activity was un- 
affected by addition of relatively vast 
quantities of p21""*"*, produced by ex- 
pressing the oncogene in Escherichia colt. 
Because the E. coli-derived protein lacks 
a fatty acid modification that presumably 
facilitates membrane association of p21 
in mammalian celis, Beckner ef al. also 
tested smaller quantities of p21 (both c- 
Ha-ras and v-Ha-ras) purified from mem- 
branes of normal or v-Ha-ras-transformed 
mammalian cells, with the same result. . 

At the Cold Spring Harbor Symposium 
on Quantitative Biology in June, Michael 
Wigler reported a different kind of experi- 
ment: injection into frog oocytes of 
p21°"*™, obtained by expression in E. coli, 
caused no change in cAMP. The negative 
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conclusion of this experiment was strength- 
ened by a concomitant positive observa- 
tion that the injected protein caused the 
oocytes to mature more rapidly. By com- 
parison with p21", mutant p21 ‘activat- 
ed’ for malignant transformation (by sub- 
stitution of valine for glycine-12) proved 
much more potent in accelerating oocyte 
maturation, but also failed to alter cAMP 
synthesis. 

In retrospect, earlier observations also 
indicated that the functions of yeast RAS 
and mammalian ras proteins would differ. 
For one thing, ras-induced malignant 
transformation reduces adenylate cyclase 
activity and cellular cAMP content’ — an 
effect in the opposite direction to that of 
yeast RAS proteins. Transformation by 
other, quite unrelated, oncogenes can 
also reduce cAMP. In any case, reduced 
cAMP is probably not a primary determi- 
nant of ras-induced malignant transforma- 
tion, which is not reversed by metaboli- 
cally effective cAMP ‘analogues’. Tweed- 
ledee stated the position succinctly — 
“Contrariwise, if it was so, it might be; and 
if it were so, 1t would be; but as it isn’t, it 


ain’t. That’s logic™. 
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Speculative model of the biochemical role of 
p21 as a GTP-binding signal transducer analo- 
gous to the G-proteins. GTP-bound p21 stimu- 
lates an as yet unidentified effector enzyme 
analogous to adenylate cyclase or retinal phos- 
phodiesterase. The p21 molecule becomes in- 
active when it hydrolyses bound GTP, a reac- 
tion slowed by activating mutations. Re- 
activation of p21 requires replacement of GDP 
by GTP, which ıs promoted by receptors (an- 
alogous to hormone receptors or photorhodop- 
sin) and may depend on ancillary proteins an- 
alogous to the By subunits of G-proteins. 


Now that logic has prevailed, the orig- 
inal question of the function of the mam- 
malian ras proteins persists. The best 
clues derive from homologies in amino- 
acid sequence™ and function™™” among 
mammalian p21s, yeast RAS proteins, and 
a family of G-proteins that transduce 
extracellular signals across membranes 
of vertebrate cells. In addition to G,, the 
G-proteins” include retinal transducin, 
which tranduces light signals from rhod- 
opsin to a cyclic GMP phosphodiesterase, 
and G,, the inhibitory regulatory protein 
of adenylate cyclase. (G, and G, are also 
termed N, and N,.) In the GTP-bound 
‘active’ state, the G- and yeast RAS prò- 
teins stimulate the appropriate effector 
enzyme; each protein then hydrolyses 
the GTP to return to its inactive, GDP- 
bound state. In normal circumstances, it is 
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reactivated only when a signal arriving at a 
receptor molecule (hormone receptor or 
rhodopsin) induces the replacement of 
GDP by GTP. Manoeuvres that block the 
GTPase — hydrolysis-resistant GTP ana- 
logues or covalent modification of G, by 
cholera toxin — greatly enhance transduc- 
tion of signals to the effector enzyme. It is 
thus significant that the RAS2”” mutat- 
ion and the homologous substitution in 
the c-Ha-ras gene not only produce pro- 
teins with reduced GTPase activity, but 
also give rise to ‘activated’ phenotypes — 
including, in the yeast system, increased 
cyclic AMP synthesis’. If the analogy 
between p21 and the G-protein family 
holds, p21 will be found to transduce in- 
formation between signal receptor mole- 
cules and an effector enzyme (see figure). 
The search for these proteins is on. 

As candidates for the signal receptor 
molecules, receptors for peptide growth 
factors are a good bet, although no con- 
vincing evidence for an interaction be 
tween such receptors and p21 has yet been 
reported. Because mammalian ceils con- 
tain at least three distinct ras proteins, 
more than one effector enzyme may be 
discovered, in parallel with the multiple 
effectors regulated by the G-proteins. 
One possible effector for p21 is phos- 
pholipase-C (PLC)”. It has recently 


' been shown that a GTP-binding protein 


participates in receptor-dependent stimu- 
lation of PLC, which catalyses production 
of inositol trisphosphate and diacyl 
glycerol, putative intracellular messeng- 
ers that may be involved in regulation of 
cell proliferation by peptide growth 
factors (see, for example, ref. 14). 

The G-proteins are apy heterotrimers 
whose GTP-binding œ subunits are most 
closely homologous to p21". Although 
unpublished experiments (A.G. Gilman, 
personal communication) have shown no 
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interaction of p21 with By subunits deriv- 
ed from the G proteins, the possibilty that 
p21 interacts with a By-like component 
deserves further study. If such a com- 
ponent exists, its discovery might even 
speed the search for the putative effector 
and detector components. Indeed, the 
By (rather than the «) subunit of one 
G-protein, G, mediates its regulation of ° 
the effector®, while the a subunit of 
another G-protein, transducin, cannot 
bind to its detector component, photo- 
rhodopsin, unless Py is also present”. 
Finally, despite the unmasking of 
adenylate cyclase as an imposter for the 
effector enzyme of p21 in mammals, the 
yeast connection should not be forgotten. 
Further biochemical and genetic analysis 
of the yeast RAS system will probably 
identify other proteins, in addition to 
adenylate cyclase, that interact with the 
RAS proteins. Such yeast proteins could 
provide useful immunological and nucleic- 
acid probes for identifying the elusive pro- 
teins involved in p21-mediated signal 
transduction in mammals. G 
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Organelle transport 


A third front for cell motility 


from Peter J. Hollenbeck 


INTERNAL organelle movement ıs prob- 
ably a universal feature of animal cells. 
Close scrutiny of cell types ranging from 
pigment cells to crawling fibroblasts to 
neurones reveals the constant transport of 
a variety of intracellular particles’. How 
cells generate force for these movements 
is not known, but most studies of 
organelle movements have assumed that 
the mechanism is similar to that of either 
muscle or cilia, the two best-characterized 
mechanochemical systems. And the iden- 
tification of the force-generating proteins 
of these two systems — myosin and 
dynein, respectively — in the cytoplasm 
has strengthened these expectations. But 
new studies using squid axonal cytoplasm 
Suggest that a third force-generating 
system exists in cells which could be 


responsible for microtubule-based 
movements of organelles’. 

Recent work from two groups has 
demonstrated that a soluble protein 
factor from the cytoplasm of squid giant 
axons can promote movements similar 
to organelle transport in the cell in a 
reconstituted in vitro system’*. Now two 
laboratories report progress towards the 
isolation and characterization of the pro- 
tein motor which drives these movements. 
S.T. Brady’, on page 73 of this issue, de- 
scribes the partial purification of an en- 
zyme with the appropriate characteristics 
for the transport motor. R.D. Vale, T.S. 
Reese and M.P. Sheetz’ report a further 
purification of a similar enzyme and de- 
monstrate its ability to support the trans- 
location of microtubules and the transport 


” 
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of artificial organelles in an in vitro sys- 
tem. This protein, which Vale and co- 
workers have named ‘kinesin’, resembles 
neither myosin nor dynein in its enzymatic 
characteristics, subunit composition or in- 
teraction with microtubules. 

The strategy for the purification of this 
putative transport motor originated from 
studies of reactivated organelle move- 
ments in extruded cytoplasm of squid giant 
axons. In the presence of ATP, these 
cytoplasmic preparations show organelle 
movements along microtubules very simi- 
lar to those seen in the intact cell“. Using 
such preparations, R.J. Lasek and S.T. 
Brady" have shown that transport stops 
in the presence of a non-hydrolysable 
analogue of ATP, AMP-PNP, and that 
organelles become ‘frozen’ to the microtu- 
bules in a rigor-like state. The addition of 
excess ATP relaxes the rigor and restores 
the original organelle movements. Lasek 
and Brady explain these results by sug- 
gesting that the motor driving transport 
forms a stable complex with microtubules 
in the presence of AMP-PNP, which can 
be dissociated by ATP, in contrast to 
muscle and cilia, where AMP-PNP re- 
duces rather than increases the affinity of 
the mechanochemical enzyme for its 
binding site. Based on this unusual 
microtubule binding behaviour of trans- 
ported organelles, Lasek and Brady 
predict that the motile protein that powers 
organelle transport differs significantly 
from those driving muscle and cilia. 

There predictions have been borne out 
by the findings both of Brady’ and of Vale 
et al’. To characterize the transport 
motor, both studies use microtubules as 
an affinity substrate, and select proteins 
from cytoplasmic extracts that bind micro- 
tubules in the presence of AMP-PNP and 
detach when ATP is added. By screening 
the products of their fractionation pro- 


cedures for ability to generate in vitro. 


translocation of microtubules, Vale et al. 
have succeeded in isolating a force- 
generating protein unlike dynein or 
myosin. Although it is also composed of 
several subunits, it differs from dyein and 
myosin in its relative molecular mass, its 
lack of the high relative molecular mass 
ATPase subunit and its response to en- 
zyme inhibitors. One difference between 
the results of Brady’ and of Vale et al.’ is 
that Brady obtains preparations with a 
rate of ATP hydrolysis comparable with 
other mechanochemical enzymes whereas 
Vale et al. demonstrate that force generat- 
ion occurs in preparations with very low 
ATPase activity. 

The force-generating properties of kine- 
sin make the protein an excellent candi- 
date for the motor that drives organelle 
transport in the nerve axon. Adsorbed to 
latex beads, the protein causes their trans- 
location along isolated microtubules. It 
also increases the transport of native 
organelles along microtubules in a recon- 
stituted in vitro system. An interesting 
feature of the bead movement is that 
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it seems to be unidirectional, whereas 
organelle movement in the intact axon is 
bidirectional. This could be an artefact of 
the in vitro system, could suggest that 
different mechanisms are responsible for 
movement in the two directions in vivo — 
a possibility suggested in earlier physiolo- 


` gical studies. The question of exactly what 


kinesin is doing in the axon is clearly open. 

Beyond the nerve axon, two exciting 
problems beg ‘to be tackled. First, does 
kinesin represent a widespread class of 
force-genetating proteins? Vale et al. have 
already found a protein analogous to the 
squid axonal translocation protein. in 
‘bovine nervous tissue. But is kinesin 
present in other cell types that transport 
organelles along microtubules, and is it 
playing a role there? A second question is 
whether kinesin plays a role in types of 
motility other than organelle movement 
along microtubules. The fact that it gener- 
ates force while bound to glass and to car- 
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boxylated beads suggests that any surface 
with a negative charge could provide a site 
for kinesin binding and be translocated 
relative to microtubules in vivo. In addi- 
tion, Vale et al. have observed the move- 
ment of microtubules relative to one 
another in the presence of kinesin. It is 
possible that kinesin could support this 
type of microtubule-based movement in 
vivo —'the mitotic spindle is an obvious 
candidate for examination. ‘= 
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Developmental biology 


Drosophila proteins pave 


the way to gene mutations 


from Philip Beachy 


~ 


SEVERAL groups of developmental 
biologists with an interest in the fruit fly 
Drosophila melanogaster are currently en- 
gaged in what amounts to an experimental 
reversal of the information flow (from 
DNA to protein) specified by the ‘central 
dogma’ of molecular biology. The idea, as 
articulated by Fujita et al.’, is to select a 
protein with interesting developmental 
properties, to isolate the gene encoding 
the protein and map it to a site in the 
chromosomes, and ultimately to test the 
gene’s functional role by mutational stu- 
dies. Such studies remain the most reliable 
test of a gene’s importance in develop- 
mental processes, and a research group 
headed by Seymour Benzer at the Califor- 
nia’ Institute of Technology has recently 
reached an advanced stage along this 
path. 

Starting with a monoclonal antibody 
(MAb24B10) directed against a mem- 
brane-associated glycoprotein specific 
for photoreceptor cells, Zipursky et al.” 
first affinity-purified sufficient quantities 
of the antigen (Ag24B10) to permit se- 
quencing of 19 amino-terminal residues. 
Using synthetic oligonucleotides corres- 
ponding to a part of this sequence as hybri- 
dization probes, they then isolated a geno- 
mic DNA fragment that contains the ami- 
no acid coding sequence. By in situ hybri- 
dization to Drosophila salivary gland 
chromosomes, this coding sequence was 
mapped to 100B, a position near the tip of 
the right arm of chromosome 3. Several 
candidate mutations map within this re- 
gion, one of which results in abnormal eye 
structure, but the exact positions of these 


mutations are not known, and the identi- 
fication of a specific lesion in the gene en- 
coding Ag24B10 may yet require a con- 
siderable effort. 

Some of the monoclonal antibodies (in- 
cluding MAb24B10) isolated by Benzer’s 
group, although produced and initially 
screened using material from adult heads, 
bind to antigens in imaginal disks of the 
eye of third instar larvae. The figure, 
taken from Zipursky et ‘al.’, illustrates 
schematically the distribution of these 
antigens in the developing eye disk with 
respect to the morphogenetic furrow. As 
has been previously described‘, this fur- 
row sweeps across the disk in a posterior 
to anterior direction while, in its wake, 
epithelial cells differentiate ‘and begin the 
patterning process that yields the clusters 
of photoreceptor and accessory cells that 
form the ommatidia of the adult eye. The 
immunofluorescent staining patterns illus- 
trated in the figure are generated by a 
series of monoclonal antibodies whose 
cognate antigens act as markers for suc- 
cessive stages of eye disk development. 
Thus, Ag24B10, being expressed only on 
photoreceptor cells, lags substantially 
behind the pattern of MAb22C10, which . 
stains neurones more generally. This in 
turn, lags slightly behind the pattern of 
MAb22G8, which stains the furrow. This 
temporal sequence presumably reflects 
the progressive commitment of cells be- 
hind the morphogenetic furrow, first to a 
neural fate and later to a more restricted 
pathway of differentiation into photore- 
ceptor cells. Finally, with the appearance 
of the late pupal stage antigens, develop- 
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ment to a mature photoreceptor cell is 
complete. 

From among the antigens of this series, 
24B10 was chosen for further study 
because it is expressed exclusively on 
photoreceptor cells in both larva and 
adult at an early stage in these cells’ 
maturation’. Until mutational studies of 
the 24B10 gene are performed, however, 
it may be impossible to say whether, 
in photoreceptor cell differentiation, 
expression of Ag24B10 is an early deter- 
minative event or a terminal response to 
one or more previous events. In this re- 
gard, the antigens bound by MAb3E]1 and 
MAb22G8 are intriguing, as they may 
be involved in early patterning events at 
the furrow. Whatever the developmental 
roles of these antigens, the antibodies of 
this series serve as useful landmarks, and 
should add depth and precision to future 
studies of Drosophila eye development. 

Using a similar approach, Wilcox, 
Brower and collaborators have character- 
ized a set of cell surface antigens with intri- 
guing distributions on developing Dro- 
sophila tissues”. In contrast to the eye 
disk series, monoclonal antibodies 
defining these antigens were selected and 
classified by their patterns of immuno- 
fluorescent staining on wing imaginal 
disks. The PS1 and PS2 (PS for position 
specificity) classes of antibodies stain 
complementary, non-overlapping por- 
tions of the late third-instar wing disk. A 
striking feature of the boundary between 
these two terntories is its coincidence with 
the dorso-ventral lineage restriction (dis- 
cussed in ref.10). PS3, a third class of 
antibody, stains the entire wing disk. 
Several lines of evidence, including co- 
precipitation of multiple components by 
each of the three antibody classes? and 
cross-linking studies of intact cells’, indi- 
cate that the position-specific antigens on 
the wing disk are membrane-associated 
complexes and comprise a ubiquitously 
distributed component recognized by PS3 
antibodies, and one set each of dorsally 
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(PS1) and ventrally (PS2) réstricted vari- 
able components. 

Restrictions in other imaginal tissues 
are observed. For example, on the eye 
disk, PS1 and PS2 are restricted primarily 
to regions anterior and posterior to the 
morphogenetic furrow, respectively. In 
general, however, these other boundaries 
are not as sharp and do not correlate 
perfectly with known morphogenetic 
events’. The possibility remains that 
classes of variable components exist 
whose distributions are not yet known. In- 
deed, by electrophoretic analysis of im- 
munoprecipitates from other larval tissues 
and from earlier stages in development, 
Wilcox and Leptin’ have now identi- 
fied several additional species of variable 
components. In the larval stages, the 
composition of these complexes in tissues 
such as gut, brain and salivary glands is 
highly characteristic for each tissue. 

All these findings suggest that for any 
particular region of the developing indiv- 
idual, the properties of the cell surface 
that are important in tissue organization 
and morphogenesis may be specified by 
the unique combination of glycoprotein 
components expressed there. Specula- 
tions of this type must be tempered by the 
lack of any direct evidence pertinent to the 
role of these glycoproteins in develop- 
ment. As suggested by Wilcox and 
Leptin’, such a functional test could come 
from mutational studies, once the coding 
sequences are isolated and mapped. 

Isolation of the genes encoding these 
proteins should resolve another issue: on 
the basis of correlated changes in mobility 
in several different gel systems and by 
comparison of partial proteolysis pro- 
ducts, Wilcox et al.” suggest that the wing 
disk variable components (and possibly 
the embryonic and other larval compo- 
nents as well’) are structurally related. 
Whether this relationship derives from the 
expression of a family of related genes, or 
from the modification of transcriptional 
and/or translational products of a single 





100 years ago 
’ DISINFECTION OF SEWERS 


In the last number of the Lancet (August 15, 
1885) I have read of the measures taken by the 
Metropolitan Board of Works for the deodoris- 
ing and disinfecting of London sewers. Be- 
tween 30,000 to 40,000 tons of sodium mangan- 
ate and from 10,000 to 12,000 tons of sulphuric 
acid are daily poured ın the London sewers. 
The oxidising and deodorising action of 
sodium manganate cannot be sufficient to pre- 
vent bacterial life, unless when the salt is pre- 
sent in large quantities. Considering the enor- 
mous volume of London sewage, it is not to be 
believed that even such a vast amount of man- 
ganate as 40,000 tons per diem would suffice to 
destroy bacterial life in the sewers The adding 
of sulphuric acid to the manganate must cer- 
tainly enhance the disinfecting action of the 
latter Only, I do not understand why the 
quantity of sulphuric acid is relatively so small 
in comparison with the quantity of manganate. 
I do not see why manganate should be‘used at 


all when sulphuric acid, a more powerful and 
less costly disinfectant, can be used alone 
It is not only during the fear of cholera inva- 
sions, but at all times, that I would wish the 
sewage to be slightly acidified with sulphuric 
acid. I am persuaded that this simple mode of 
disinfection would diminish considerably many 
infectious diseases. During the cholera 
epidemic of 1884, ın Naples, I did my best to 
persuade the sanitary authorities of this mode 
of disinfection. My letters caused sulphuric acid 
to be used abundantly in the sewers and pozzi 
neri of Portici, Castellamare and Taranto; but 
this was done under pressure of approaching 
cholera, and abandoned as soon as the danger 
passed, no observation being made to measure 
the influence of the sanitary method adopted 
on local infectious disease 
Italo Gigliolo 
Portici, August 20 
From Nature 32 415, 3 September 1885. 
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Diagram representing the sequential appear- 
ance of antigens during Drosophila eye devel- 
opment Each strip represents a posterior-to- 
anterior slice of a late third instar eye disk The 
staining patterns of the various monoclonal 
antibodies are schematically shown at the same 
stage of development, with reference to the 
morphogenetic furrow. As development pro- 
ceeds, each pattern will progress to the right. 
(From ref 2). 


gene, should emerge from the character- 
ization of the coding sequences and their 
RNA products. 

Mutational studies provide the strong- 
est causal link between a gene’s products 
and a particular aspect of development. 
By such mutational studies, many Dro- 
sophila genes have been linked to 
segmentation, segmental specification 
and other aspects of pattern formation. In 
contrast to this genetically grounded 
approach, the research discussed here 
has employed monoclonal antibodies to 
identify proteins deemed interesting 
on the basis of properties such as their 
distribution within cells and tissues. This 
approach may be useful where something 
is known about the properties of proteins 
involved in a particular biological process. 
Unfortunately for the Drosophila de- 
velopmental biologist, the confirmation of 
such a protein’s importance in develop- 
ment by a direct genetic test lies only at the 
end of a long and arduous path. But 
in no other eukaryote of comparable 
developmental interest does such a path 
yet exist. O 
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Switch as switch can 


from H.L. Stormer 


A NEw candidate has become prominent 
in the highly competitive race for the 
fastest switch in electronics, the record 
for which currently stands at about 10 
picoseconds'. While superconducting de- 
vices have been the undisputed leaders for 
many years, semiconductor devices have 
recently caught up and even surpassed 
them in speed performance. Supercon- 
ducting devices remain unchallenged in 
their low power consumption, but require 
to be cooled close to absolute zero. Semi- 
conductor switches, on the other hand, 
will function at ambient temperatures — 
though cooling improves their speed and 
power consumption. i 

Because each parent wanted to baptize 
its own child, the present winner runs 
under various pseudonyms (reviewed in 
ref. 2): high-electron-mobility transistor, 
two-dimensional electron gas field-effect 
transistor, modulation-doped field-effect 
transistor (MODFET) and selectively- 
doped semiconductor heterojunction 
transistor. The superiority of this device is 
based on a technique dubbed modulation- 
doping’, creating a thin (two-dimensional) 
sheet of highly-mobile electrons at the in- 
terface between two semiconductors. But 
its lead is short. Traditional silicon-metal- 
oxide-semiconductor field-effect transis- 
tors (Si-MOSFET) are close behind, 
carrying with them the weight of a mat- 
ure technology. And new devices are on 
the horizon, the heterojunction bipolar 
transistor’ and the metal-base transistor 
being recent contenders. 

On this busy stage, a new actor has now 
appeared: the velocity modulated transis- 
tor (VMT). Its advocates promise a sub- 
picosecond electrical response, and a 
recent paper by K. Hirakawa, H. Sakaki, 
and J. Yoshino® contains experimental 
data substantiating one of its ingredients. 
The basic idea is simple and has been 
stated in various disguises, but the recent 
publication pushes it into the limelight. 

Virtually all semiconductor switches are 
transistors. These are three-terminal 
devices characterized by an in-terminal, 
an out-terminal and a control-gate in be- 
tween, which can enhance or suppress the 
flow of carriers from in to out. The gating 
action is provided electrically by applying 
a voltage or a current to the gate terminal. 
The gate controls the conductivity o of the 
semiconductor, where o = neu. Here n is 
the density of carriers in the material, e is 
the electronic charge and z is the mobility. 
In general, variations in o can be induced 
by a variation of the carrier density n, or 
by a variation of their mobility x. All tradi- 
tional transistors are of the first kind: the 
predominant action of the control gate 
is to vary n, though invariably y is also 


affected. The new proposal is to attack the 
carrier mobility x, leaving n fixed. Since, 
for a given electric field, the mobility is 
proportional to the average carrier veloc- 
ity, the effect is termed velocity modula- 
tion. What is the advantage over density 
modulation? 

Density variations require carriers to be 
pumped in and out of the system. Carriers 
have to be displaced over distances as 
large as the dimension of the device. This 
requires time. Modulation of the carrier 
velocity is subject to fewer delays and, 
hence, the device speed can be consider- 
ably enhanced. How does one change 
the velocity of the carriers? Following 
Sakaki’, the device is constructed in such a 
way that the action of the control gate is to 
move the carriers from a low-loss region 
into a high-loss region. Increased carrier 
scattering will reduce their average veloc- 
ity and produce the desired effect. The 
actual distance that carriers will have 
to travel from the high-mobility to the 
low-mobility region can, in principle, be 
kept exceedingly small’’. . 

Hirakawa et al. use a traditional GaAs- 
{(AlGa)As MODFET to establish the 
principle of the VMT. Field effect transis- 
tors are basically parallel plate capacitors 
of capacitance C embedded in a semicon- 
ductor. Conduction along one of the 
plates (channel) is controlled by a bias 
voltage AV applied to the opposing plate 
(gate electrode). The. simple capacitor 
equation predicts a carrier density varia- 
tion of An=AVC/e and, hence an 
associated variation of the conductivity 
o = nep in the channel. Operated ın this 
way a MODFET represents a tradit- 
ional ‘density-modulated transistor’. 

For their demonstration, the authors 
used an additional feature of this device. 
In a MODFET, the channel consists of a 
low-density (n=~10" cm™’) two-dimen- 
sional carrier system confined to the inter- 
face between two semiconductors, GaAs 
and (AlGa)As. The metal gate electrode 
covers the opposite side (front side) of the 
thin (AlGa)As layer. The carriers reside 
on the GaAs side of the interface being 
pulled against it by electrostatic forces. 
Carriers are free to move along the inter- 
face and are quantum-mechanically con- 
fined in the perpendicular direction. Since 
the (AlGa)As is heavily doped with im- 
purities, close proximity of the carriers to 
the interface increases carrier scattering, 
while further separation from the 
(AlGa)As material reduces it. The dis- 
tance between carriers and interface can 
be controlled by a second electrode placed 
on the GaAs side (back) of the structure’. 
Its effect is to push the carrier more or less 
strongly towards the scatterers. 
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Applying a combination of voltages to 
back-gate and front-gate, the average car- 
rier mobility can be varied while the car- 
rier concentration in the channel remains 
fixed. A similar arrangement (substrate 
bias) is commonly used to achieve this 
effect in Si- MOSFETs” but the mobility 
variations are not very strong. In the 
MODFET structure, Hirakawa et al. were 
able to modulate the conductivity of the 
channel by up to 56 per cent without 
actually changing the carrier density. To 
achieve this control, the carriers had to 
move by less than 0.01 zm towards the in- 
terface, compared with approximately 
1 um in typical state-of-the-art density- 
modulated transistors. Hirakawa et al. 
postulate switching times as short as sub- 
picoseconds, a decrease by more than a 
factor of ten over the fastest present 
devices. But, for the time being, this is 
not substantiated. 

Will it work? No fundamental law of 
physics forbids it, but at this juncture I see 
several significant hurdles. A 56 per cent 
conductivity variation is sufficient for 
intial demonstration purposes, but 
engineers would eventually want to see a 
100 per cent variation. This would require 
some very strong scatterers —- strong 
enough to bring the current essentially to a 
stop. At present it is difficult to imagine 
this. A second electrode (back-gate) adds 


-considerable complexity, in particular 


since it has to be buried under the device 
to bring gate voltages to an acceptable 
level. The present experiments were per- 
formed with very small source-drain 
electric fields where the concept of mobil- 
ity 1s justified. Fast devices function at ex- 
ceedingly high fields where this concept 
fails and a constance carrier velocity is 
approached. Can this saturated drift 
velocity be modulated in a similar way? It 
is hard to see a mechanism. In general it 
seems that as devices become smaller and 
smaller, and approach the region where 
carriers in a transistor experience only a 
few scattering events on their way through 
the channel, a sensible separation be- 
tween ‘density-modulation’ and ‘velocity 
modulation’ will eventually disappear. 

In one picosecond, light travels 300 um, 
which is the distance a signal travels within 
one switching cycle of such a device. Sit 
back and think how you would design a 
computer with such blinding speeds. O 
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7 — dust, smoke and 


humidity in nuclear winter 


Sir—We wish to comment on recent cor- 
respondence on nuclear winter. Brown' 
draws attention to the Tunguska meteor 
explosion of 1908, which was estimated 
through aerodynamic calculations to have 
generated up to 30 million tons of NO, 
similar to the amount generated by about 
6,000 megatons of nuclear explosives’. 
But there are several reasons why the 
Tunguska event may not be useful in calib- 
rating the effects of a major nuclear ex- 
change. Recent ice core analyses of NO, 
deposition from 1908-11 suggest that the 
NO production byithe Tunguska meteor 
was equivalent only to 600, megatons or 
less of explosives’. Although ozone varia- 
tions deduced from solar observations 
during the same period range as high as 20 
to 30%, the ozone effect is uncertain be- 
cause of statistical noise in the data base’, 
so that a .significant cause/effect rela- 


_ tionship cannot be established. 


Brown’ and Peczkis* both confuse the 
relationship. between the optical depth of 
an aerosol cloud, the composition of the 
cloud, and its effect on sunlight,intensity 
and climate. Volcanic clouds are com- 
posed of dust-like aerosols that scatter 
light efficiently but absorb very little. The 
recent eruption of the El Chich6én volcano 


(Mexico, April 1982) produced a hemis- , 


pheric; cloud with a measured optical 
depth of about 0.3 at its zenith; although 
the cloud reduced the direct solar beam by 


about 25%, the forward-scattered light 


made up for most of this with a'net loss of 
intensity of only 2 to 3%*. Smoke aerosol, 
by contrast, efficiently absorbs light, so 
that the same optical depth of smoke (0.3) 
may reduce the intensity of sunlight by a 
full 25% at high noon (and by more than 
25% at other times of the day). It follows 
that smoke injected at high altitudes can 
be much more efficient than dust (per unit 
optical depth, or unit mass) at inducing 
climatic change’. 

Peczkis’ has misinterpreted Stothers’ 
data on the Tambora eruption of 1815’, 
confusing scattering with absorption, and 
thus calculating a 90% depletion of solar 
insolation. The volcanic cloud may have 
reduced the direct solar intensity by that 
amount, but the net solar intensity would 
have been reduced by less than 5 to 10%. 
In fact, Stothers’ estimate of the volcanic 
aerosol optical depth, which is larger than 
previous ‘estimates, implies an average 
global temperature decrease of about 2°C 
(see ref.8), while the records show a 
roughly 1°C decline®. Even'so, the year 
following the Tambora eruption became 
famous as the “year without a summer”, 
illustrating the potential climatic signifi- 
cance of even small average temperature 
fluctuations. 

Historical fires would provide useful 


calibration points for nuclear winter cal-: 


In most cases, theré are difficulties i 7 de- 
termining the quantity of material burned 


| and the height'of injection of the smoke. 


While German and Japanese cities were 
extensively burned during the Second 
World War, scientific record keeping was 
scanty and little can now be deduced 
quantitatively. And, although natural 
wildfires often burn for weeks or months 
affecting 10,000 km’ or more’, this situa- 
tion differs markedly from the aftermath 
of a nuclear war, when hundreds of 
thousands of square kilometres of wild- 
lands and hundreds of cities might burn in 
a matter of days. | 

Many of Peczkis’ incidental statements 
about fires and smoke require qualifica- 
tion. For example, cooling is not expected 
beneath thin low-level smoke palls gener- 
ated by persistent smouldering wildfires”, 
although significant cooling has been 
observed below high-level smoke clouds”, 
supporting the prediction of . possible 
quick cooling and freezing under thick 
nuclear clouds, at least on a’ regional 
scale”. Moreover, smoke does not have to 
be injected into the stratosphere to cause a 
nuclear'winter”; injection into the middle 
and upper troposphere is sufficient”. 

Almost all observations point to rapid 
geographical dispersion of smoke plumes 
from large fires”, which is why Peczkis’ 
speculation that such dispersal may not 
occur in nuclear fires is puzzling. Moreov- 
er, his estimates of smoke emissions in 
past forest fires are too high; typical forest 
fuel loadings are = 2 g cm™°, and one-third 
or less of this fuel generally burns in in- 
tense fires” ”*, so that less than 5 million 
tons of smoke should have been generated 


‘by even the largest historical fire com- 


plexes. The strongest effects of such fires 
would be expected to be limited to nearby 
regions”, but even so, further analysis of 
meteorological and ‘geographical records 
may be warranted. 

Katz" is wrong in stating that water con- 
densation and smoke scavenging proces- 
ses have been ignored in published nuc- 
lear winter calculations; both prompt and 
delayed washout of smoke have been 
included™”"’, Katz is most concerned with 
the moisture drawn intoa fire by the con- 
vective winds established over the heat 
source. Excess humidity may be efficient- 
ly wrung from.a humid smoke column in 
the form of local precipitation, as in the 
“black rain” which fell, on Hiroshima 
on 6 August 1945”; although smoke is 
apparently much less efficiently 
removed”, The condensed water that 
does not precipitate from the fire column 
disperses with the smoke clouds and soon 
evaporates — as do cumulonimbus anvils 
— releasing any smoke previously 
scavenged, 

The temperatures Of stabilized smoke 
clouds are sub-freezing when the altitudes 
attained are greater than a few kilometres. 
The water content of the clouds should 


culations if sufficient data were available. ‘| also be rather modest: because of the de- 
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hydrating effect ofthe “cold trap” over the 
smoke column, through which most of the 
smoky air must initially pass. Hence, a 
smoke cloud downwind of a fire is not 
likely to precipitate spontaneously, even if 
cooled further. The humidity of such a 
cloud is soon dominated by the humidity 
of the background air which dilutes the 
cloud, and by the absorption of solar 
radiation, which can heat and stabilize the 
smoke layers against convective penetra- 
tion and washout” 4", 

Water condensing in the chilled slabs of 
air beneath a dense cloud of smoke may 
form a fog on any smoke particles that 
happen to be present, but this effect is of 
mınor importance for a variety of reasons: 
(1) significant temperature reductions 
must first occur to trigger the effect; (2) 
the smoke at such low altitudes does not 
have a major role in`nuclear winter cli- 
mate effects; (3) the condensation is 
essentially a one-time process whose 
smoke removal efficiency may not be as 
high as Katz implies" na 

Idso’s comments’ on the nuclear winter 
concept are muddled. Physical scientists 
certainly should favour partially cali- 
brated models over uncalibrated ones in 
analysing potential threats to the global 
environment. If a grand experiment has 
not been done, or cannot be done, prog- 
nostication with the best models available 
is a necessity. Studies of volcanic explo- 
sions, meteor impacts and dust storms 
provide fundamental insights into the re- 
sponses of the Earth’s climate system to 
heavy aeroso] loading; and contribute to a 
clearer understanding of the nuclear win- 
ter phenomenon. The martian atmos- 
phere is not such a pure vacuum as to 
preclude wind-driven dust storms there of 
global scale, which provide a unique 
opportunity to investigate planet-wide 
anomalies in atmospheric dynamics and 
climate triggered by clouds of soil parti- 
cles. 

We thank Steven Soter for helpful com- 
ments. 
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Visual perception 


as a text 

Str—In his recent review of Bruce and 
Green’s new textbook’ on visual percep- 
tion, Sutherland’ first criticizes the au- 
thors for their attention to the ideas of the 
late J.J. Gibson and then holds a number 
of these ideas up for ridicule. We maintain 
that Gibson’s work belongs in textbooks 
and that Sutherland’s attacks on particular 
concepts are irresponsible. 

Bruce and Green stress, in Sutherland’s 
own words, “. . . some of the exciting new 
developments that have taken place over 
the last 20 years”. Gibson’s work clearly 
meets this criterion. It challenges many 
long held assumptions about vision and is 
generating a considerable amount of re- 
search. The acclaim of a number of emi- 
nent writers™ suggests the challenges are 
serious. Also one of the textbook’s stated 
concerns is the ecology of vision. Since 
Gibson’s ecological optics constitutes the 
only sustained attempt to bring ecological 
concerns into the heart of perceptual 
theorizing (albeit not the only attempt to 
connect ecology and perception), the au- 
thors would have been irresponsible to 
omit Gibson’s work. 

Sutherland’s comments about particu- 
lar concepts show that he does not under- 
stand Gibson’s ideas. First, Gibson’s 
claim that information in the optic array 
can be picked up without computational 
or inferential processes -is said to be 
“... so silly that it is not worth taking 
senously”. Second, it is said that “Gibson 
was of course correct in believing that the 
starting point for what we see is the visual 
image, but who has ever doubted that?” 
The trouble here is that Gibson is one of 
the few who did doubt “that”, so Suther- 
land has Gibson backwards. Moreover, 
Gibson’s alternative to traditional image 
concepts, the optic array, is essential to 
the meaning and plausibility of his claims 
that perception is not inferential or com- 
putational. If one accepts “optical im- 
ages”, retinal images, or the like as start- 
ing points for visual perception, then the 
process must be inferential or computa- 
tional. Sutherland is being consistent 
within his own views. He and those whose 
ideas he champions (Marr) accept the re- 
ceived views of the “pivens” and concen- 
trate their considerable cleverness on 
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computational innovations. What Suther- 
land fails to recognize is that Gibson’s 
account begins prior to those he is accus- 
tomed to. Gibson began by reexamining 
the nature of the givens for perception and 
the task of perceiving itself °. 

Finally, it is stated that one does not 
need to read Gibson to understand that 
time to collision is specified by variables in 
optical flow. We might add that one need 
not read Newton to understand that action 
equals reaction in the play of physical 
forces. Gibson brought the basis for time 
to collision analysis into psychology’ and 
his intellectual heirs continue to study its 
implications*”’. 

By turning Gibson’s ideas on their head 
Sutherland showed that he has not taken 
them seriously enough to find out what 
they are. The point of a textbook, such as 
Bruce and Green’s, is to allow students 
the luxury of discovering the ideas that 
exist before evaluating them. 

JOHN B. PrrrENGER 
Department of Psychology, 
University of Arkansas at Little Rock, 
Little Rock, Arkansas 72204, USA 
WILLIAM M. Mace 
Department of Psychology, 
Trinity College, Hartford, 
Connecticut 06106, USA 
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X chromosomes and 
dosage compensation 


StrR—D.A. Smith suggests that the prim- 
ary role of dosage compensation is to 
equalize the level of transcription between 
X and autosomes in males rather than to 
equalize X-chromosome transcription be- 
tween males and females (Nature 315, 
103; 1985). He derives this hypothesis as 
the logical corollary of the extremely de- 
leterious effects of whole-chfromosome 
aneuploidy. For mammals, X- 
chromosome inactivation would then be a 
secondary phenomenon necessary to pre- 
vent excess X-linked gene activity in 
females. f 

I would like to raise two questions. The 
first relates to the logic of the argument. I 
agree with Smith’s point that, in the evolu- 
tion of chromosomal sex-determination, 
the loss of an X chromosome in males 
must have forced these biological systems 
to deal with the problem of ensuing aneu- 
ploidy But the solution to that problem 
need not have been an enhancement of 
X-linked activity in males. It is conceiv- 
able that the matter was resolved by gra- 
dual and individual evolution of the sex- 
linked genes and the system as a whole, so 
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that lower levels of these products would 
be adequate. If this were the case, one 
would still need to inactivate one X in 
mammalian females to avoid functional 
hyperploidy but one would not find any 
traces of a “class of genetic elements 
which function to modify X-chromosome 
expression” in males. 

The second point deals with the feasibil- 
ity of testing Smith’s hypothesis ex- 
perimentally. I do not see how one can 
determine that the level of transcription of 
X-linked genes is equivalent to that of 
autosomal genes. How can comparisons 
be made given that we can only study indi- 
vidual, and therefore necessarily differ- 
ent, genes? For example, what is the rate 
of transcription for hypoxanthine-guanine 
phosphoribosyl transferase or factor VIII 
that is equivalent to that for galactose-1- 
phosphate-uridyl transferase or factor IX? 
Answers to these questions would imply 
that there are global rates of transcription; 
something that is certainly well worth in- 
vestigating but that is not established. 

Gustavo P. MARONI 
Department of Biology, 
The University of North Carolina 
at Chapel Hill, 
Chapel Hill, 
North Carolina 27514, USA 





DNA topoisomerases in 
eukaryotes’ 


Str—In a recent News and Views article 
(Nature 316, 394-395), G. North provides 
an interesting and informative summary 
of recent research on eukaryotic DNA 
topoisomerases. We were, of course, 
pleased to see our own work, which had 
been presented at the Cold Spring Harbor 
meeting on Chromosome Structure and 
Expression (8-12, May 1985), cited in the 
article. However, we feel that our results 
and their implications were not described 
with adequate accuracy. North says we 
have shown that “supercoiled plasmids 
are relaxed in yeast so long as one of the 
TOPI or TOP2 genes is functional, which 
implies that topologically constrained 
DNA in yeast will be maintained in a re- 
laxed state”. What we have in fact shown, 
more accurately stated, is that the bulk of 
supercoiled plasmids are relaxed, with a 
half-life of several minutes, provided that 
one of the two topoisomerase genes is 
functional. Thus our results do not ex- 
clude the possibilities that there may be a 
very small population of plasmids which 1s 
maintained in a torsionally stressed state 
and that the bulk plasmid population may 
undergo transient torsional stress. Given 
these caveats, there may not be as great a 
difference between yeasts and higher 
organisms as North implied. 

RAuL A. SAAVEDRA 

JOEL A. HUBERMAN ` 
Department of Cell and Tumor Biology, 
Roswell Park Memorial Institute, 
Buffalo, New York 14263, USA 
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BOOK REVIEWS 


Obeisance to the camera 


Nigel Calder 





Framing Science: The Making of a BBC Documentary. By Roger Silverstone. 
British Film Institute, 81 Dean Street, London W1V 6AA, UK/University of 
Illinois Press: 1985. Pp. 239. Hbk £16, $29.95; pbk £7.95, $14.95. 





Many telling remarks spatter this account 
of how a television programme in the 
BBC's Horizon science series was put 
together. One that will strike home with 
scientists occurs at the International Rice 
Research Institute (IRRI) in the Philip- 
pines. The producer, Martin Freeth, has 
spent the previous week filming farmers in 
that unhappy country, as they bring in a 
meagre harvest. Now he and the crew are 
in the luxury of the Western-style labora- 
tory at Los Baños. Roger Silverstone 
records: 


It is interesting to note the way in which the 
IRRI scientists, whether or not they are aware 
of Martin’s intentions in filming them, and 
whatever their anxieties, accept without demur 
his instructions, his direction, in a way no diffe- 
rent from the peasants of the Cagayan. Filming 
has that capacity: to turn all its subjects into 
peasants. 


Freeth’s intentions were a little devious. 
Although he was making a science 
documentary, he did not mean to involve 
himself or his audience in any painstaking 
explanation of the plant breeding work at 
IRRI. He was shooting “wallpaper”, a 
technical term for impressionistic shots 
that can be used in developing a line of 
argument. He wanted images of advanced 
research that would contrast ironically 
with the poverty he had just been filming. 
The message of the programme was that 
the much-vaunted plant breeding prog- 
rammes of the Green Revolution had 
failed to help the poor. 

Some researchers at Los Banos under- 
stood and connived in Freeth’s purposes; 
others were suspicious and defensive. All 
finished up as film actors doing what they 
were told to do. While the camera is turn- 
ing, the producer—director is god. But 
playing god is an anxious task, and Silver- 
stone’s description of Freeth’s torments, 
in the midst of never-ending difficulties 
and adventures, give the book some of the 
qualities of a first-rate novel. It deserves 
to become a classic, whether counted in 
the literature of movie-making or the 
sociology of the media. 

Silverstone is a sociology lecturer at 
Brunel University, UK, and he obtained 
the BBC's permission to attach himself to 
a producer for the period of making a film. 
He wanted to find out how one goes about 
the task of explaining a complicated sub- 
ject to the general public, within the Hori- 
zon series. (Horizon provides the back- 
bone of the BBC’s science output, and 
many of its programmes are shown in the 
Nova series in the United States.) In this 


respect, Silverstone was to be dis- 
appointed, because the eventual product 
was no mainstream science documentary. 
More than making up for that was his good 
fortune in finding, in Freeth, a producer 
who not only tolerated the sociologist’s 
presence but was able to articulate the 
tensions between scientific curiosity and 
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Cagayan, Philippines. 

social conscience, between the ideal and 

the expedient, between argument and art. 
The art took a beating when Freeth was 


In the field — the BBC crew on location in the | 


i 
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banned from further filming in the Philip- | 


pines, after another BBC programme had 
criticized the Marcos regime, and his idea 
of showing the agronomy of poverty from 
the viewpoint of a family in the Cagayan 
had to be abandoned. In the end the film 
presented a global thesis of a kind that 
Freeth had tried to avoid, with the Philip- 
pines looming relatively small in a prog- 
ramme that also took in Mexico and Bang- 
ladesh. It even had to be rounded out with 
library footage. Strangely, however, in 
the final phase of editing Freeth was 
agreeably surprised to be told by the high- 
ups in the BBC to strengthen the film’s 
political message about the stark choice 
between a real Green Revolution and a 
Red Revolution among the world’s agra- 
rian poor. From Silverstone’s account, 
this was clearly a professional rather than a 
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political judgement: if the film was to 
work, as entertainment and information, 
its argument had to be made clearer. 

When A New Green Revolution? finally 
went out, in January 1984, after far more 
time and money had been spent on it than 
was ever intended, it lacked the polish of 
Freeth’s other documentaries, such as 
Einstein’s Universe and The Other Kenya. 
It was, though, a hard-hitting film, telling 
a shocking story, and it was praised by 
television critics. But what about the sci- 
entists, who gave so freely of their time 
and advice, or performed obediently in 
front of the camera? Is it worse to finish up 
on the cutting-room floor, or to be used as 
evidence in a programme that does not 
exactly condemn science but shows a wide 
gap between promise and performance? 

Silverstone sent a questionnaire to the 
scientists whom Freeth had consulted, 
asking them what they thought of the 
programme. Several of them were critical 
about the off-hand way in which it dealt 
with the substantive science, and they 
noted political bias, even though they 
generally agreed with the overall thrust of 
the argument about science in the Third 
World. Other biologists who saw the prog- 
ramme felt the same way, and were defen- 
sive on behalf of their plant breeding 
colleagues. Anyone who expected an 
exposition of the technical wonders of 
modern agrobiotechnology was bound to 
be disappointed. 

When challenged by the General Advis- 
ory Committee of the BBC to explain 
what scientific advice he had taken, 
Freeth was able to cite as his chief author- 
ity Keith Griffin, economist and President 
of Magdalen College, Oxford. BBC pro- 
ducers are not supposed to air their own 
political views. In Griffin, Freeth had 
found an expert spokesman for the thesis 
of the programme, although he was 
brought in more than a year after filming 
began. 

Disgruntled plant breeders should read 
Silverstone’s book to understand how 
Freeth approached his task. Anyone in- 
volved in making a television programme 
about a serious subject is walking through 
a minefield of conflicting expert opinions. 
He must either give every point of view 
and finish up saying nothing, or else 
decide whom to believe and face criticism 
from the others. This book records that 
Freeth made his choice only after much 
heart searching, and he never forgot that 
he was making a science documentary. 
His track record was such that the BBC 
supported him throughout. 

What general conclusions are to be 
drawn about science on television from 
this atypical example? Silverstone himself 
notes the enormous effort that goes into 
documentary production, and the extent 
to which producers have to rely on seren- 
dipity, but wonders whether the BBC 
would have allowed as much freedom to 
Freeth, about the politics of the program- 
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I think, for the BBC, Channel 4, 
WG H, WNET and other organizations 
andling scienze on television, should be 

ay iad Planners find it convenient 


iP ag 


ome Fow $ World, Nova and Nature 
which take care of so many hours’ broad- 
sting each year, but there should be no 
insistence on a standard product, no pre- 
judices about how individual programmes 
ought to be made. 

- Open-mindedness about treatment 
helps to make sure that “soft” issues are 
10t dealt with too softly. It is equally im- 
portant in tackling the trickiest aspects of 
ard” science in the most palatable 
fashion, as Freeth himself demonstrated 
in dealing with general relativity. Prime- 
_ time television has to be, first and last, a 
form of entertainment, competing with 
-Sport and drama. Only through the skill of 
_ programme makers who endlessly refresh 
the formats can serious science expect to 
ss that test. Along with all the other 
asants, sciertists and programme con- 
llers have no choice but to trust the 








Nel Calder 8 The Chase, Furnace Green, 
awley, Sussex RHIO 6HW, URS is a science 
writer and broad: caster. 
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Thought on crystal 


a ok this ema after 


| Aristotle’s search for forms. But this rests 


- only is this untrue but crystalline materials 
| were themselves the subject of debate on — 
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this v very joii: Dr Emerton: 'underesti- 
mates the support in the seventeenth and 























































e ona < eighteenth centuries for the supposed kin- 
shapes and sizes ship of crystals and plants. Homberg may 
David Goodman have dismissed the chemical “tree of 


Diana” (a crystalline silver salt of branch- 
ing form) as an inorganic deposit; but in 
1706 Nicole Lemery thought that he could - 
detect hollow tubes, like those in plants, in 
a tree-like crystalline formation of an iron 
<| salt. The botanist Tournefort believed 
i | that the crystalline tree of Diana multi- 
BioGrapnies and histories of ideas have | plied by a germ similar to the seed of moss 
been the-most commonly treated subjects | or fern. And readers of the article “Crys- 
in the history of science. Each has its pit- | tallization” in the second edition of the 
falls. A biography threatens to distort the | Encyclopaedia Britannica (1778 — 1783) 
judgement of the author, who is liable to | were given a cross-reference to the article 
attribute unwarranted significance to the | on “Vegetation” where the growth of 
dates of birth and death of his subject, and | plants was discussed. This was no slight 
to see a period of several decades solely | analogy; the author indicated that crys- 
from the viewpoint of the individual he is | tals, like plants, required an aqueous 
studying. In the history of an idea, frag- | medium for their generation, and perhaps 
ments of a natural philosopher’s writing | air as well. He was certain that the tree of 
may be taken out of context because they | Diana was so much like a plant that “a 
happen to touch on the idea under study; | common mode of formation could hardly ~ 
superficial similarities may be discerned in | be denied”. 
the thought of men living centuries apart; Moreover, at about the same time, de la 
and scientists of very different periods | Methérie, editor of the Journal de Physi- 
may be presented as consciously contri- | que, was convinced that all things were 
buting to the progressive development | products of crystallization: for example 
and eventual culmination of a particular | that the fetus crystallized from the semen: 
theory. of male and female, and that if animals 
Most of these distortions are avoided by | and plants were rounded instead of 
Dr Emerton in her study of the develop- | polyhedral it was merely due to the impur- 
ment of the concept of form—the idea, so | ity of the crystallizing liquids. Even in the 
prominent in the history of science, which | early twentieth century the eccentric 
sought to relate the perceptible properties | Haeckel argued that crystals were alive. 
of things to some internal nature. Her | None of this is discussed by Dr Emerton 
analysis is careful and accurate, and the | and her book is poorer for it. If Aristotle’s 
theories of individual natural philosophers search for forms continued to inspire 
are kept in context, though she succumbs | natural philosophers, so indeed did his 
to anachronism in her comment that the | conclusion that it was impossible to 
geometrical treatment of form by the | discover a sharp division between things 
fourteenth-century philosopher Nicole | lifeless and living. 
Oresme “looks towards” seventeenth-| The discussion in the opening chapter of 
century corpuscularianism “for its fulfil- | views on the figuration of minerals from 
ment” (p.97). Although concentrated | antiquity to the seventeenth century is 
attention is given to tracing a single idea | followed by one which gives the philo- 
over the centuries, this idea is important | sophical “background” of the forms of 
enough for this to be done without risk of | Aristotle and his mediaeval commentat- 
exaggeration. ors. Similarly, chapters on the corpuscular 
There is, however, a serious flaw in Dr 
Emerton’s book. For reasons of length, 
and because “it involves a great many 
biological complexities that distract the 
mind from the concept of form itself”, the 
whole subject of organic form has been 
omitted in order to deal exclusively with 
inorganic crystalline minerals. And so the 
title of the book promises more than is 
delivered. The true historical scope of the 
subject is therefore reduced by focusing 
on the single strand of inorganic form and 
the book ends in Abbé Haiiy’s theory of 
crystal form, seen as a culmination of 





The Scientific Reinterpretation of Form. 
By Norma E. Emerton. Cornell University 
Press: 1985. Pp.318. $29.95 (eR 
America), $32.95 (elsewhere). 





tinuously flowing narrative. The book 
could have been better written; it reads 
more like a series of papers than a con- 
tinuous monograph. 


the idea of form in various guises over the 
centuries is well described and the discu: 
sion of what chemists meant by “spirits 
and “seeds” is particularly rewarding. — 
With the reservations outlined above, this 
book will be useful for historians of ideas . 
to consult when they are considering the 
subject of form. t 


on the assumption that from Aristotle up 
to the eighteenth century there existed a 
clear division in natural philosophy be- 
tween things organic and inorganic. Not 





David Goodman is a Lectu in | History of 
Science and Technology at the Open University, 
| Walton Hall, Milton Keynes MK7 6AA, 

Buckinghamshire UK. 










interpretation of form are followed bya 
“background” chapter on Plato and his 
followers. This recurring introduction of —__ 
background information prevents acon- 





On the other hand, the reappearance of 
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_ Advanced tunnelling 
W.A. Phillips 
"Principles of Electron Tunneling Spectros- 


< copy. By E.L. Wolf. Clarendon: 1985. 
at Fp. 76. £60, $80. 





: 2 Tue passage of earteles through potential 
| barriers, forbidden by classical physics, is 







echanics. Naturally occurring examples 
-of this electron tunnelling are common, 
but the fabrication of sufficiently thin 
(~2nm) and perfect artificial barriers is 
not easy. The first examples of such bar- 
riers, apart from tunnel diodes, were 
aluminium—aluminium. oxide—metal junc- 
tions (1959). Measurements of current as 
a function of voltage across the junction 
-not only illustrated the phenomenon of 
tunnelling but also made an immediate 
impact when used to explore fundamental 
aspects of superconductivity. Most of the 
papers published on tunnelling in the fol- 
lowing 15 years were concerned with su- 
perconductivity, and were very important 
-in confirming the microscopic theory. 
Most dramatic of all was the discovery of 
Josephson tunnelling, where a current can 
pass from one superconductor to another 
through an insulating barrier even in the 
absence of a voltage across the junction, 
work which culminated in the award of a 
Nobel prize to Esaki, Giaever and Joseph- 
son in 1973. 
More recently, the emphasis of research 
in this area has shifted and broadened. 
Inelastic tunnelling processes, where elec- 
‘trons lose energy as they tunnel, provide 
an additional channel for conduction 
above a threshold bias voltage which is 
equal to the characteristic energy of, for 
example, the vibrations of a molecule 
absorbed in the barrier. This novel spec- 
troscopy, which needs only a voltmeter, is 
used to study the surface chemistry of 
absorbed molecules, vibrational states 
-c and other excitations in the barrier region. 
< Of particular interest is a related process 
in which visible light is emitted indirectly 
by a tunnelling electron in a junction. 


trate tunnelling through a vacuum gap be- 


tween a metal tip and a metal surface and © 


so, because of the exponential variation of 
current with separation, to study surface 
topography in great detail. The prepara- 
_tion of sufficiently thin films on an atomic 
-< geale in the semiconductor industry sug- 
_ gests that interest in tunnelling effects and 
devices is going to increase sharply. 
The appearance of a comprehensive 
account of electron tunnelling is therefore 
timely. Wolf has had to make a difficult 
hoice between giving due weight to all 
spects of the existing literature, or pre- 
aring the ground for future develop- 
a by under-playing mature fields of 
1 -He h dopted t 












onvincing evidence in favour of quantum 
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and including 250 figures and 1,250 refer- 
ences, mainly to the original literature. 
This has meant, inevitably, that roughly 
half of the book is devoted to aspects of 
tunnelling that involve superconductivity. 

The other problem that Wolf has faced 
is that while the basic idea of electron 
tunnelling is relatively straightforward, 


_ many of the areas of physics where it can 





- usefully be applied are not. For example, | 
_Superconductivity, scattering by magnetic 


ipurities or electron scattering. by mole- 


“cules are all complicated topics» which. 
have.a much broader significance than he 


has been able to discuss. The consequent 
unevenness in depth of treatment would 
be a serious flaw in an introductory book 
in which complete coverage and continui- 


‘woscopy stands as an important gu 
the experimental and theoretical a 
_ of the past 25 years, giving due weig 
established knowledge and hintir 
_ velopments to come. It will be used exten 
sively by those working in the field. 


` W.A. Phillips is a Lecturer in Physics. 
















ty are essential, but matters much les: 
an advanced text such as this: a great de. 
of background knowledge is assumed. 
Wolf essentially summarizes the relev 
literature on each aspect of the subjes 
and points the reader towards the lin! } 
between them. PS 

Principles of Electron Tı kelin Spee 


t} 
Cavendish Laboratory, University of Cam 
ree, Madingley Road, Cambridge CB3 one 





Ways of resistance 
Peter I. Trigg 


Essential Malariology, 2nd Edn. By 
Leonard Jan Bruce-Chwatt. Heinemann 
Medical/Wiley:1985. Pp.452. Hbk £22.50, 


$40. ELBS edition for sale in Africa, Asia. 


and the West Indies, pbk £7.50. 


Macaria is still the most important para- 
sitic disease in the tropics. Excluding Afri- 
ca south of the Sahara, 5.5 million cases 
were provisionally reported to the World 
Health Organization (WHO) in 1983 but 
the true incidence is estimated to be 


around 20 million cases per year. A | 
further 200 million people in Africa are | 
believed to be chronically infected, one- 


third of whom suffer acute manifestations. 
This overall epidemiological picture has 


remained unchanged since the publication 
of the first edition of Essential Malar- 


iology in 1980. However, the technical 
constraints on malaria control, amply de- 
scribed by Professor Bruce-Chwatt, have 
increased. Probably the most important of 
them has been the spread of multi- 
resistant Plasmodium falciparum in South- 
East Asia and Oceania. Chloroquine 
resistance has appeared in Africa and by 


| 1984 had been reported in 15 countries of 
Technically it is now possible to demons- | 


Central and East Africa. This situation 


has provoked a renaissance in malaria |- 


research, with, over the past five years, 
remarkable progress in the development 
and field testing of new antimalarial 
drugs, the development of prospective 
vaccines and the understanding of the 


epidemiology of the disease and its 


socioeconomic impact. 


Against this backdrop, the new edition | 
of Essential Malariology comes at an | 


opportune time. Although it is a pity that 


| it appeared too late to include all of 
WHO's recent recommendations on the — 


use of antimalarial drugs — an under- 


| tific vackeround to recent parasitological, 


beyond the scope of the first edition. Pro- 


ment and control in the context of the 
current policy of integrating malaria con 
-trol into an overall primary health care 
‘approach. Various patterns of such in- 
‘tegration have been developed in diffe- 
rent countries, depending on epidemiolo- 
gical, administrative and socioeconomic 
conditions and systems of government. 
The success of these programmes depends 
‘on suitable education of medical and 


in guiding. antimalarial operations. A 
major effort to train such personnel is 
| being | made by international and nation 


‘such training efforts. — a 


E | by J. Throck Watson. Publisher is R 
standable omission in such a rapidly mov- | by r atson. Publisher is Raven, price 


ing field — it certainly provides, at a critic- 
al juncture in malaria control, the scien- | 































entomological, epidemiological and im- 
munological research on human malaria 
and its transmission. In doing so it goes 


fessor Bruce-Chwatt faced a difficult 
problem in selecting practical information 
from the avalanche of recent publications, 
but he has admirably outlined important 
areas and has highlighted the relationship 
between basic research and its applica- 
tion. 

The new edition also stresses. practical 
methods of prevention, diagnosis, treat- 


health personnel, and a flexible approach 


) tions, as an essential prerequisit 
to the translation of advances i in malana 





This clearly : and simply written book wi 
without doubt play an Important role in 





Intelli ence. i Malaria Acti 
World Health- Organization, Avenue 
1211 Geneva 27, Switzerland. _ : 


New editions , 


© The Birth of A New Phy: 
Updated, by 1. Bernard Cob 





W.W. Norton, | price is $17.95. To 
in Britain in October, £15.95. = 
* Amino Acid Metabolism, 2nd Edn, br ‘Dav 
A. Bender. Publisher is Wiley, price- is. $3 
£24, 

@ Introduction to Mass Spectrometry, 2nd Edn, 


is $49. | 
e Hematology, 4th Edn, edited by William $. 


| Beck. Publisher is MIT Press, price is hbk $40, 
: £39. 95; PPE is 50, £18.50. 
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Digging into Egypt 
Glyn Daniel 


_ Flinders Petrie: A Life in Archaeology. By 
Eei argaret S. Drower. Gollancz! David & 
pores: 1985. Pp. 500. £20, $55. 


_ Iris 43 years since Sir Flinders Petrie died 
= in a hospital in Jerusalem, and a full 
biography and critical assessment of his 
| work has long been overdue. He was with- 
_ Out any question one of the heroic figures 
of British archaeology, that galere which 
_ includes Layard, Rawlinson, John Evans, 
_ Arthur Evans, Pitt-Rivers, Woolley and 
= Mortimer Wheeler — men who revolu- 
_ tionized our understanding of 
ankind’s ancient past. 
a Petrie’s autobiography, 
_ Seventy Years in Archaeology, 
~ appeared in 1931 (born in 1853, 
_ he reckoned that his archaeolog- 
ical career started at the age of 
eight, when he began collecting 
coins) and a sympathetic and col- 
_ ourful picture of him was given 
_ by Margaret Murray in My First 
_ Hundred Years (1963). Ma =, 
on Be ray was devoted to “Proffy”: 
was commonly believed by his 
_ students and hers that she had in 
her youth aspired to marry Pet- 
__ mie. She had worked as his assist- 
_ ant from 1892 onwards, and re- 
= mained on formal terms with 
_ Lady Petrie: after the 1902 sea- 
son at Abydos she had never 
again been invited to join one of 
_ the Petrie expeditions to Egypt 
or Palestine. Indomitable, in- 
_ dispensable, five-foot high, she 
held the fort in University Col- 
s lege London while Petrie worked in the 
field. 
_ Margaret Drower (Mrs Hackforth 
__ Jones) was one of the last three students to 
take Petrie’s Diploma Course in Egyptol- 
_ ogy. In the summer of 1929 she went to see 
_ the great man and later wrote, “I have a 
= memory of twinkling eyes, an unexpected- 
ly high, light voice, bushy eyebrows and a 
= patriachal white beard”. She tells us that 
= Petrie took aspirant students to lunch at 
his favourite teashop, the Express Dairy, 
at the corner of Gower Street: if the candi- 
date “chose a frugal meal, he met with 
_ approbation, if he plumped for meat and 
_ two vegetables with a sweet to follow, he 
= scored zero and was unlikely to be 
accepted”. 
This is a very long book, well over a 
_ quarter of a million words — but it is 
_ authoritative, comprehensive and fully 
documented: it includes lists of all Petrie’s 
_ excavations and publications, and maps of 
all the sites mentioned. Everyone con- 
-~ cerned with the history of Egyptology and 
with Petrie, who was the father of British 
Egyptology, will have to make this fine 
biography their starting point and main 
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reference. It is first and foremost the chro- 
nicle of a man and his life’s work and there 
is no starry-eyed idolatry. His difficulties 
and quarrels and mistakes are listed as 
well as his triumphs and achievements. 
We are reminded that while Petrie intro- 
duced new methods into Egyptian excava- 
tion, there is no mention of stratified 
records in his Methods and Aims in 
Archaeology. 

Throughout his life Petrie was at logger- 
heads with Grafton Elliot Smith, who had 
been Professor of Anatomy in the Cairo 
School of Medicine but had never visited 
any of Petrie’s excavations. They clashed 
over the nature and techniques of Egyp- 
tian mummification, but most of all over 
Elliot Smith’s extravagant theories of the 





Petrie at the opening of his first Palestinian exhibition, London, July 
1930. And (inset) Margaret Murray: “Indomitable, indispensable, 
five-foot high, she held the fort in University College while Petrie 
worked in the field”. 


Egyptian origins of all things which he set 
out in his The Ancient Egyptians and the 
Origins of Civilization (1915). Petrie was 
present at a meeting of the British Asso- 
ciation in Manchester in 1915 when Elliot 
Smith and his disciple W. J. Perry spoke of 
the Egyptians evolving an “Archaic 
Heliolithic Civilization” which spread 
around the world. Petrie wrote in his diary 
“much disgusted”, and his copy of Elliot 
Smith’s book is full of pencilled 
comments: “No such thing”, “Non- 
sense!”, “No, No!”, “No evidence what- 
soever”. The two men were colleagues at 
University College London for many 
years and they were hardly on speaking 
terms. If Margaret Murray is to believed, 
they made it up at last, before they both 
retired: but I doubt this. 

There are many Petrie myths. Margaret 
Drower scotches one which I had never 
believed. Mortimer Wheeler was a friend 
and admirer of Petrie and often enter- 
tained him on his Welsh excavations. In 
Still Digging, Wheeler describes how Pet- 
rie, then 73, made surveys of sites in the 
Brecon Beacons, his only equipment 
being a bamboo peastick and a visiting 


' 
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card, the stick as a marker, and the card, 
when carefully sighted along two edges, to 
give him an accurate right-angle. It has 
always seemed to me incredible that the 
author of Inductive Metrology, and the 
man who surveyed Stonehenge, the hill- 
figures of England and the Pyramids of 
Egypt so accurately could have been 
working in Wales with a peastick and a 
visiting card. In the book, Wheeler’s tale 
is cut down to size: “In fact he would 
almost certainly have had with him his 
long surveying tape, and probably a small 
theodolite as well — such tales grow in the 
telling”. 

Margaret Drower is very good and fair 
in dealing with Petrie’s parerga — 
Stonehenge, Silbury Hill, hill-figures, 
Geoffrey of Monmouth, the laws 
of Hammurabi, mediaeval 
Wales and many another subject 
which occupied his restless, 
polymathic mind. But it is as the 
great pioneer Egyptologist that 
he will be remembered. How 
does she see him? Some have 
said he was no scholar, just an 
excavator: others like Allbright 
described him as “the greatest 
archaeological genius of modern 
times”. Margaret Drower is 
scrupulously honest and gives us 
an admirably balanced portrait 
of this quite remarkable man who 
worked with amazing energy and 
perseverance until the end of his 
life, and was exemplary in pub- 
= lishing promptly the results of his 
work. What was the driving 
force? Not, I think, the overall 
revelation of the life and manner 
of the ancient Egyptians and the 
role of ancient Egypt in the pre- 
historic and protohistoric world. 
While he was an obsessional excavator 
and collector, few of his excavations were 
project orientated. 

When Petrie was admitted to hospital in 
Jerusalem he expressed the desire that if 
he died his head should be given to the 
Royal College of Surgeons in London “as 
a specimen of a typical British skull” and 
that his brain should be preserved for sci- 
entific investigation. This was done: his 
head was removed the night he died. It did 
not arrive in London until the end of the 
war, and for a while it was lost until an 
astonished assistant moving away some 
piles of books came face to face with Sir 
Flinders Petrie who had been dead for ten 
years. It was a macabre situation which 
would have amused the old man who 
wrote: 

Let there be no regrets, now that this life is past 

For earth, and friends, and work have all been 
sweet to me 

And labour garnered safe has laid the ages clear 

That all may plainly see what none had thought 
before. 


From Flinders Petrie: A Life in Archaeology 


Glyn Daniel is Emeritus Professor of Archaeol- 
at the University of Cambridge, and Fellow 
Of St John's College, Cambridge CB2 ITP, UK. 
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Chemical mechanisms of acid generation 


in the troposphere 


Jack G. Calvert, Allan Lazrus, Gregory L. Kok, Brian G. Heikes, James G. Walega, 
John Lind & Christopher A. Cantrell 


Atmospheric Chemistry Division, National Center for Atmospheric Research, Box 3000, Boulder, Colorado 80307, USA 





Diverse chemical pathways in the troposphere convert sulphur and nitrogen oxides and organic 
compounds into acids, involving the gas phase, the liquid phase (cloud, fog and rain water) and, 
possibly, certain suspended aerosols. The rates of acid generation are critically affected by the extent 
of generation of the oxidizing species and the kinetics of the reactions. Precipitation in the eastern 
United States shows a strong seasonal variation in deposition of sulphates in contrast to nitrates. 
Computer simulations can now rationalize the observed seasonal trends. Recent tropospheric measure- 
ments of gaseous hydrogen peroxide show that this gas is a major oxidant leading to sulphuric acid 


generation in cloud water. 


+ 





CONCERN has grown over the biological impact of acid deposi- 
tion on ecologically sensitive regions in northern Europe and 
eastern North America. The extent of the potential problems 
induced by acid deposition and the timescales for damage and 
recovery of biological systems remain ill defined!**. The 
evidence is clear that, in lakes that have been acidified by such 
deposition, the detrimental effects on the fish population can 
be dramatic’*. It is difficult to infer from existing published 
information to what extent acid deposition contributes to the 
increasing levels of forest damage which have been observed in 
New England (United States), the Black Forest (West Germany) 
and elsewhere in recent years. Although this damage was 
originally attributed to acid deposition alone, exposure to oxi- 
dants (such as ozone and peroxyacetylnitrate), metal ions, 
insects and periods of drought may also play a part. However, 
there is general agreement that in areas in which there is a poor 
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buffering capacity and in which ecologically sensitive organisms 
exist, acid deposition is a potentially serious problem, and may 
be a present danger. 

Trends in acid deposition in eastern North America are 
difficult to establish from the limited database available. 
However, some interesting observations bearing on the mechan- 
ism of acid generation can be made from MAPS3S/RAINE 
data which were collected at eight stations in the eastern United 
States during 1977-79 (ref. 15). Data from four of the stations 
(Whiteface, New York; Ithaca, New York; Pennsylvania State 
University; Charlottesville, Virginia) that lie near a line to the 
north-east (latitude, 38-44° N), provide reasonably complete 
data sets for the entire 3-year period. Data for sulphate and 
nitrate ion deposition (analogues for sulphuric and nitric acids, 
respectively) and total amounts of precipitation are shown in 
Fig. 1a, b and c, respectively. A seasonal variation in the sulphate 
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Fig. 1 Monthly ion deposition and precipitation data from the 
1977-79 MAPS3S (ref. 15) network stations at Whiteface Moun- 
tain, (lower striped bars), Ithaca, Pennsylvania State University 
and Charlottesville, (upper spotted bars). a, Monthly sulphate ion 
depositions; solid curves are the maximum daily values of J[O3] 
for the first day of each month at 40° N (near sea level); b, Monthly 
nitrate ion deposition data; c, Monthly precipitation. In the few 
cases where a monthly sample was not reported at a given station, 
averages of the available data during the other years for the same 
month at this station were taken as a reasonable estimate; shown 
as the open bars on top of a stack, these estimates give a measure 
of the uncertainty in the values from the stations which did not 
report during a given month. 
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. Fig.2 Ratios of the ion concentrations from the deposition data -~ 


from several of the 1977-79 MAPS3S (ref. 15) network stations. , 

O, Whiteface Mountain; +, Ithaca; ©, Pennsylvania State Univer- 

sity, A, Charlottesville; x, Urbana, Illinois; V, Brookhaven, a, 

Monthly sulphate ion/nitrdte ion molar ratios; 5, Monthly 
ammonium ion/sulphate ion molar ratios. 


deposition is apparent in Fig. la, with highest values in the 
summer months and lowest in the winter. A similar seasonal 
effect has been noted for SO2~ deposition by Raynor and Hayes!® 
from samples collected at Brookhaven National Laboratory and 
by Rodhe and Granat" from estimates of SO, oxidation rates 
over Europe. There is no obvious seasonal correlation for nitrate 
deposition (Fig. 1b). Wet deposition of sulphate and nitrate 
species is not observed unless there is some form of precipitation, 
to deliver them to the ground. Yet there is no apparent correla- 
tion between the amount of precipitation and the sulphate or 
nitrate deposited during a particular month. For example, 
although the highest precipitations occurred in September 1979, 
and January 1978 and 1979, sulphate and nitrate depositions 
were not unusually high during these months. A definite seasonal 
variation can be seen in the SO27~/NOj molar ratio at each 
station (Fig. 2a), while the NH7/SO%Z molar ratios show no 
obvious seasonal variations (Fig. 2b). We will use this set of 
data to test our hypotheses concerning the mechanism of acid 
generation and deposition in the eastern United States. 

Much of the fundamental chemistry and physics relating to 
the acid deposition problem are reasonably well established. 
Yet in the development of sophisticated transport and transfor- 
mation models, it is extremely complex to treat accurately the 
many processes that lead to acid deposition: (1) the amounts 
and locations of the emission of both anthropogenic and natural 
sulphur, nitrogen and organic compounds; (2) the rates of 
chemical transformation of sulphur and nitrogen oxides and 
organic compounds to acids; (3) the transport and dispersion 
of the acids and their precursors over the hundreds of kilometres 
which may separate large source and sensitive receptor areas; 
and (4) the rates of dry and wet deposition of the acids and 
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their precursors. In this discussion we attempt to evaluate our 


' present knowledge of one important aspect of this problem: the 


chemical mechanisms leading to acid production in the tropo- 
sphere. The detailed mechanisms of acid generation in the 
troposphere are of more than academic interest in that transport ` 
and transformation models are sensitive to the choice of transfor- 
mation rates used'*. This sensitivity results largely from the ` 
differences in the ease with which the acid precursors and the 


acids themselves are removed from the atmosphere. ‘Once SQ, `. 


is oxidized to sulphuric acid aerosol, it is dry deposited less 
rapidly than is SO,: If aerosols composed of sulphuric acid and 
its salts (such as ammonium bisulphate and ammonium sul- 
phate) are incorporated into precipitating clouds, then the depo- 


' sition of these species can be faster than that of gaseous SQ). 


On the other hand, the nitric acid developed in the troposphere 
is much more rapidly deposited on the surface of the Earth than 
are its precursors, NO and NO,. Thus, the amounts and the 
chemical nature of the acids deposited at sites many kilometres 
from the source of the precursors are sensitive functions of 
the rates with which the acids are developed from the pre- 
cursors. 

There have been many recni reviews of the chemistry of acid 
development in the troposphere, and a consensus on the impor- 
tant reactions leading to acid generation is rapidly 
developing” a 


+ 


Gas-phase processes 


Both gas- and liquid-phase chemical processes seem to be impor- 
tant sources of acid generation within the troposphere. Gas- 
phase reactions not only generate sulphuric and nitric acids 
through the oxidation of SO, and the oxides of nitrogen (NO, 
NO,), but they also lead to the generation of several oxidants 
that are important reactants for acid generation in the liquid 
(cloud) phase. 

As a guide to our considerations of the chemistry of acid 
development, we consider the results of computer simulations 
of the gas-phase chemistry expected to occur at the extremes of ° 
the seasons, 1 January and 1 July at 40° N latitude. The reaction 
scheme used is a new version of that described by Stockwell. 
and Calvert?’ in which the NO, chemistry has been updated in 
view of recent studies”®, and the zenith angle-dependent photo- 
chemical processes are treated in a more realistic fashion. The 
chemistry was simulated in the chemical model (no transport 
included) using four different scenarios of initial concentrations 
and impurity emissions which we believe to be representative 


of the non-urban atmospheres of eastern United States during 


these seasons (see Table 1). The rate constants of the chemical 
reactions were varied with chosen temperature profiles. The 
ranges of the temperatures used, 16 to 30°C for 1 July and —6 
to 4°C for 1 January, are representative of those encountered 
during these days at stations in the eastern United States near 
40° N latitude. J values (the apparent first-order rate constants 


. for molecules undergoing photodecomposition) for the 16 


photochemical processes included in the mechanism were caicu- 
lated for elevations near sea level and in accord with the seasonal 
and diurnal variations in the solar irradiance and the known 
absorption and quantum yield data for these species. Here ‘ 
I(x) =] (7), ($x), (I)a dà, where (o),, (¢,), and (7), represent 
the absorption cross-section of the x-species, the primary quan- 
tum yield of the particular process involving x and' the solar 
irradiance for the small wavelength interval from A to A+dA, 


i respectively; the integral is over all wavelengths for which the 


ool product is non-zero. The large difference between the July 
and January J values for NO, and O; is shown in Fig. 3. In 
theory these differences play a large role in defining the seasonal 


, variations observed in acid generation in the troposphere. 


SO,, NO, and hydrocarbons are oxidized to acids by several 
oxidizing agents which are formed in the gas-phase reactions 
within the troposphere. The important reactive species include 
molecules such as ozone, hydrogen peroxide, methyl hydroper- 
oxide and peroxyacetic acid, and reactive free radicals such as 
HO, NO, and HO. The mechanisms of their formation, involv- 
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Table 1 Initial conditions for simulations of acid generation in the troposphere 


Case 
[H20] [0;] [NO] [NO,] [SO,] 
Midsummer (1 July) 
f 3.1107 30 7.5 2.5 6.0 
It 3.1x107 20 0.75 0.25 0.6 
Midwinter (1 January) 
Ul 36x10% 30 7.5 2.5 6.8 . 
IV 3.6x10° 20 0.75 0.25 0.68 


Concentration (p.p.b.) 

[RH-1] [RH-2] [CO]  [CH,O] [Ald] [Ket] 
12.5 50 200 2 i 0.5 
1.25 5 100 0.2 01 0.05 
21.1 84 200 2 i 0.5 
211 8.4 100 0.2 0.1 0.05 





[CH,] was fixed at 1,400 parts per 10” (p.p.b.) in each run. RH-1 and RH-2 are alkene and alkane hydrocarbons; Ald and Ket represent the 
higher aldehydes and ketones, respectively. Net emission-deposition rates of insertion of NO, NO, and the hydrocarbons were adjusted so that 
there was little change in their concentrations after simulation times of 24 h. 


ing NO, NO., hydrocarbons, aldehydes and sunlight, are now 
reasonably well characterized’?~**, l 

The concentration of ozone is established in the troposphere 
through the photolysis of NO, (reaction (1)) followed by reac- 
tion (2), and to an undefined extent, by the insertion of strato- 
spheric ozone through stratospheric-tropospheric folding 
events. 


NO, + hr(à < 430 nm) > OCP) + NO (1) 
, OCP)+O0,(+M) > O,+ (+M) (2) 


It is removed in part by reaction (3) with NO to re-form NOQ,: 
O,+ NO > NO, +0, (3) 


The cycle of reactions (1)-(3) which occurs during the day leads 
to a concentration of ozone within the troposphere which is 
given approximately (usually within a factor of 2)” by relation 
(4): 


[03] =[NO]J(1)/[NO]k, (4) 


The apparent first-order photodissociation constant for reaction 
(1), J(1), is proportional to the sunlight intensity present in the 
troposphere in the wavelength range which causes the dissoci- 
ation of NO, (290-430 nm). Thus, the ozone concentration 
usually | grows as the sunlight intensity increases during the day, 
and the [NO,]/[NO] ratio climbs as NO is converted to NO,. 
The observed NO to NO, conversion is promoted through chain 
reactions (5)-(9) involving the HO, HO, and organic peroxy 
radicals (RO,) formed from the hydrocarbons and their oxida- 
tion products {such as aldehydes and carbon monoxide). 


HO+RH-> H,O+R l (5) 
R+0,> RO, ; (6) 
RO,+NO->RO+NO, (7) 
RO+0,> R'COR"+ HO, (8) 
HO, + NO > HO+ NO, (9) 


R'COR” represents a ketone or aldehyde; R’ and R” are 
H-atoms or organic radicals such as CH, and C,H. 

' The important hydroxy radical (HO) which initiates this 
sequence of reactions is formed in the relatively clean atmos- 
phere largely through the photodecomposition of ozone: 


O,+ hv(A <306 nm) > O('D) +0, (10) 
O('D)+ H,0>2HO (11) 
O('D) + 02/N2> OCP) +02/N2 (12) 


Thus, the HO radical concentration that develops in a tropo- 
spheric air mass is a complex function of the concentration and 
the nature of the hydrocarbons present, [NO], [NO], humidity 
and the intensity of the solar radiation at wavelengths <306 nm 
which control the magnitude of J(O;), the apparent first-order 
rate constant for reaction (10). Note in Fig. 3 (dashed curves) 
that J(O;) values for winter are much lower than those of 
summer (40° N latitude). Two major factors result in the lower 
rates of oxidant generation in the winter than in summer: there 


is a lower rate of O('D) generation in reaction (10) in winter, 
and the fraction of O(’D)-atoms that generate HO radicals in 
reaction (11) decreases at the lower [H,O] characteristic of the 
winter months, as the unproductive reaction (12) gains 
importance. i 

The reactions of the HO free radical with SO, and NO, are 
judged to be the major, gas-phase sources of sulphuric and nitric 
acids, respectively: 


HO +S0,(+M) + HOSO,(+M) (13) 
HO + NO,(+M) = HONO,(+M) ` (14) 


The HOSO, radical product of reaction (13) leads ultimately to 
sulphuric acid. The relative importance of the alternative path- 
ways for the reactions of this free radical has been studied 
previously'?*°-*>, The most recent work suggests strongly that 
reaction (15), a chain- -carrying step, represents its dominant fate 
in the atmosphere****; the SO; product of reaction (15) reacts 
rapidly to generate HSO, i in reaction (16): 


HOSO, +0, > HO, + SO; (15) 
SO; + H,O > H,SO, (16) 


Other gas-phase mechanisms of SO, oxidation are expected 
theoretically; reaction (17) can occur with O(P) atoms and 
reaction (19) with Criegee intermediates (for example, CH,00) 
which are formed from ozone-alkene reactions such as reaction 


(18): 


OCP) +SO,(+M) > SO,(+M) (17) 
a : 
03+C:H, > CH,—CH) > CH,00+CH,0 (18) 
CHOO + SO, > CHO + S0; (19) 
SO; + H,O > HSO, (16) - 


Theory suggests that oxidation of SO, in reaction (17) can 
be important only in stack NO,- and SO,-rich gas plumes, 


J[Og] (mirr? x 109) 





i 
Local time (h) 


Fig. 3 Theoretical diurnal variation of the J[NO,] and J[O,] 
values for midsummer and midwinter at 40° N latitude near sea 
level. 
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whereas reaction (19) may be significant only in highly polluted 
urban atmospheres. The dominance of the HO-SO, reaction in 
the gas-phase generation of H,SO, has been suggested in pre- 
vious studies involving computer simulations**~**. For air masses 
with concentrations of impurities in the range common to the 
eastern United States, reaction (13) usually provides >98% of 
the HSO, generated in gas-phase reactions. It is instructive to 
compare the total rates of SO, oxidation from gas-phase reac- 
tions as estimated by computer simulation (Fig. 4). They exhibit 
both seasonal and diurnal variations which reflect largely the 
changing rates of generation of HO radicals in the photo- 
chemical processes involving, O;, reactions (10)-(12), and other 
species. In midsummer under clear skies the maximum rate is 
~9% h™' for the conditions of case I and somewhat lower (6% 
h~?) for the cleaner atmosphere of case II. Our previous simula- 
tions have shown that the rates of SO, oxidation expected for 
the highly polluted and very clean atmospheres are both some- 
what lower than those for the air masses of intermediate levels 
of impurities such as we have considered here”*. These midsum- 
mer rates are not insignificant when one considers that theoreti- 
cally they will result in 34-49% conversion of an initial quantity 
of SO, to acid during a 24-h clear period. Simulations for the 
midwinter cases II and IV show much lower rates, with only 
3.1-4.7% conversion of SOQ, in a 24-h period. 

,Current reaction rate data and computer simulations of 
tropospheric chemistry suggest that the gas-phase oxidation of 
NO, proceeds much more rapidly than that of SO,, largely 
through reaction (14) during daylight. The rate constant for this 
HO radical reaction is ~10 times that for reaction (13) with 
SO,. During the night there is an additional reaction sequence 
which is expected to lead to nitric acid as well; it is initiated 
by the ozone molecule reactions with NO, (refs 19, 24-28). 


O; + NO, -> NO, + O, (20) 


The NO, radical product of reaction (20) is a relatively unimpor- 
tant source of HONO, during the daylight hours, as it is 
destroyed readily through its rapid photolysis in sunlight and 
by its rapid reaction with NO: 


NO,+ hv(A <640 nm) > 0O,+ NO (21) 
> OCP)+NO, (22) 


The generation of NO through NO, photolysis in reaction (1) 
and NO; loss in reactions (21) and (22) cease at night, and 
much of the existing NO is oxidized to NO, by ozone after 
sunset. Thus, the loss of NO, in reactions (21)-(23) becomes 
unimportant and the NO, concentration rises at sunset (see Fig. 
Sa for simulations). Various acid-forming reactions of NO, can 
become important during the night. For example, NO, reacts 
with NO, to form NO, in reaction (24) (Fig. 5b), and this may 
react with water to form nitric acid in reaction (25) or it may 
form the acid directly by H-atom abstraction from aldehydes 
and other reactive compounds [reaction (26)]: 


NO,+NO,(+M) = N,O.(+M) (24) 
N0; + H,O > 2HONO, (25) 
NO, + RCHO > HONO, + RCO (26) 


The rate constant for the gas-phase reaction (25) between 
N,O, and H,O is uncertain, as undetected heterogeneous proces- 
ses can lead to an overestimate of this quantity. Recent tropo- 
spheric measurements of Platt et al*® give k< 
(2.9+0.9) x107*! cm? per molecule per s. Other recent labora- 
tory estimates of Tuazon et al?” give ky, < (1.3 £0.2) x107”! cm? 
per molecule per s. As the accuracy in k,, estimates has 
improved, it has tended towards zero; we have assumed k,,=0 
in the present simulations. Figure 4b shows that the gas-phase 
chemistry alone can, in theory, convert NO, to HNO, at very 
significant rates. For midsummer cases I and II, ~18 and 
26% h', respectively, of the NO, can give nitric‘acid in gas- 
phase reactions; in midwinter, rates are much lower in theory, 
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Fig. 4 Theoretical rates of SO, (a) and NO, (b) conversion to 

acids for midsummer and midwinter scenarios I-IV of Table 1. 

Solid lines, summer I; long dashed lines, summer II; long-short 
dashed lines, winter II]; short dashed lines, winter IV. 


0.8 and 1.9% h™' for cases III and IV, respectively. Thus, if 
gas-phase chemistry alone were operative during a 24-h period, 
98.5 and 99.8% of an initial quantity of NO, can be oxidized 
to nitric acid for midsummer cases I and II, respectively, and 
about 18 and 37% for the midwinter cases III and IV, respec- 
tively. If the recent values of Tuazon et al.’ are correct, the 
24-h average rates of NO, gas phase oxidation are significantly 
higher than these estimates. Solution-phase reactions can also 
contribute, especially to the winter period rates as discussed 
below. 

Gas-phase reactions can also generate organic acids by various 
mechanisms”. Thus, reactions of the Criegee intermediates with, 
for example, H,O vapour or HO, radicals with aldehydes, can 
lead to formic acid, acetic acid and the higher organic acids. 
The theoretical fraction of total acid that is composed of organic 
acids is relatively large; for tropospheric air masses with the 
typical range of compositions of the impurity gases present, one 
expects in theory between 5 and 20% of the total acids to be 
organic acids”*. 


Aqueous-phase cloud-water chemistry 


Sulphuric acid generation. Many of the good oxidizing agents 
formed in the gas-phase chemistry in the troposphere such as 
ozone, H,O., peroxyacetylnitrate, methylhydroperoxide and 
peroxyacetic acid, do not react with gaseous SO, at measurable 
rates, although the thermodynamic potential for reaction is great. 
When these species are dissolved in cloud water they readily 
oxidize dissolved SO, (largely in the form of HSO; ions). 
Current estimates of the relative significance of the various 
possible tropospheric oxidants for bisulphite in cloud water can 
be compared in Fig. 6. This treatment is similar to that originally 
given by Penkett et al’, and in subsequent evaluations by 
Martin”’, Schwartz?” and Calvert et al.?*°. Compared here are 
thé instantaneous rates of the oxidation of bisulphite ion as 
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Fig. 5 Theoretical concentrations of NO, (a) (in parts per 10'* 

(trillion) p.p.t.) and NO, (b) as a function of time for the midsum- 

mer and midwinter scenarios I-IV of Table 1. Lines are as outlined 
in Fig. 4 legend. 


estimated for typical impurity levels in a non-urban parcel of | 


tropospheric air over eastern North America. We have assumed 
that the gaseous SO, concentration is 1 p.p.b (parts per 10°), 
and that this is in equilibrium with cloud water. The left-hand 
ordinate of Fig. 6 shows the aqueous sulphuric acid production 
rate in moles 1~'s~’, independent of the liquid water content 
of the cloud. The right-hand ordinate gives the equivalent gas- 
phase SO, conversion rates for a typical rain cloud with a liquid 
water content of 1| g m° of air. The abscissa of the figure is the 
pH of the cloud water solution. Pure water equilibrated with 
atmospheric CO, alone would have a pH of ~5.6, Charlson and 
Rodhe” estimated that the pH of rain water uncontaminated 
by anthropogenic sources would range from 4.5 to 5.6 because 
of the variability of the sulphur cycle alone; in the absence of 
basic materials such as NH;, CaCO,, average pH values of ~5 
are expected to occur in pristine locations. Hence the region to 
the left of the vertical dashed line at pH =5 is that of common 
interest in atmospheric considerations of acid rain development. 
For most of the oxidants considered here, the rates are strongly 
pH dependent; for all but the reactants H.O,, CH;,0.H and 
CH;COO2H, the rates fall off sharply as the cloud water becomes 
more acidic; this results largely from the decreased solubility 
of SO, with pH decrease. 

For the typical conditions picked for Fig. 6, the highest rates 
of HSOJZ oxidation are observed for the reactant ozone in 
solutions at pH > 5; in these calculations we have asssumed that 
the cloud water is in equilibrium with gaseous ozone at 50 p.p.b. 
and have accepted the rate constants recommended by 
Hoffmann“. The rates are somewhat slower for 15°C (Fig. 6, 
curve b) than for supercooled, liquid cloud water at —5 °C (curve 
a). In this case the enhancement of the rate at the lower tem- 
perature arises from the increased Henry’s law constant 
{increased solubility) for the reactants which more than offsets 
the lower rate constant at the lower temperature. In the case of 
the ozone oxidant, the rate decreases as the cloud water becomes 
more acidic; at —5 °C, rates of 10*, 10°, 10°, 10 and 1% h™ are 
expected for pH values of ~5.6, 5.1, 4.6, 4.1 and 3.5, respectively. 

For the lower pH values usually encountered in clouds and 
rainwater, the theoretical rates of oxidation of S(Iv) by H,O, 
(curves f (—5°C) and g (15°C) of Fig. 6) are also very high 
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Fig. 6 Theoretical instantaneous rates of liquid-phase oxidation 

of S(IV); SO.(g) at 1p.p.b. in equilibrium with cloud water; 

left-hand ordinate gives rates independent of the liquid water 

content (L) of the cloud; right-hand ordinate gives the equivalent 

gas-phase oxidation rate for SO, for a cloud with L=] g m™?; see 

text for the specific reactant conditions chosen for the calculations 
in curves a-m. 


and, more important, the rates are relatively insensitive to the 
pH over the entire range of values. With H.O,, as well as 
CH,0,H and CH,COO,H, the decrease in rate which is expected 
to occur with increased acidity because of the lower SO, solubil- 
ity, is almost completely offset by the increase in rate caused 
by acid catalysis of the reaction. We have used the evaluation 
of Hoffmann” in deriving the theoretical rates in this case, and 
the gas-phase concentration of H0O, which is allowed to equili- 
brate with the cloud water is 1 p.p.b.; this leads to a [H,0,] in 
the cloud water of about 3.4 x 107° M for 15 °C scenario, a value 
representative of the ambient measurements in cloud and rain 
water in the non-urban atmosphere during the non-winter 
seasons*!~*°, j i 
In theory, other peroxy compounds such as peroxyacetic acid 
and methylhydroperoxide can lead to S(1v) oxidation in tropo- 
spheric cloud water. These and other organic peroxides, expec- 
ted from the computer simulations, have not yet been identified 
in the trophosphere. The Henry’s law constants and rate con- 
stants for CH,0,H and CH;COO,H reactions with S(1v) have 
been studied recently by Lind et al“°. From these data we have 
estimated the rates of S({1v) oxidation by these oxidants; we 
have assumed that 1 p.p.b. (total gas and liquid phase) of each 
oxidant is present (see Fig. 6, curves h (—5°C) and i (15°C) 
for CH;0.H and curves j (-—5°C) and k (15°C) for 
CHCOOH). The rates of oxidation of bisulphite ion by these 
species in cloud water at pHs<5 are significantly lower than 
those for H,O, at equivalent total gas- and liquid-phase con- 
centrations. Although the rate constants for these oxidants with 
S(1v) are nearly equal to those for H,O., their lower solubilities 


‘in water lead to the lower rates. 


In theory a highly significant contribution to HSO; oxidation 


‘can arise from HO and HO, radicals formed in gas-phase 


reactions but transported to the cloud droplets as suggested by 
Chameides and Davis?” (Fig. 6, curves e). The results shown 
are for an assumed cloud droplet size of radius 12 um and three 
different choices for the sticking coefficient of the free radicals 
on the droplet (a), 107', 107? and 107°; æ is the fraction of the 
total collisions between the gaseous species and the surface 
which result in the capture of the species by the droplet. We 
have adopted the parameters used by Chameides and Davis for 
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their ‘standard model’ for this case: solar zenith angle, 30°; 
cloud transmissivity, 0.5; liquid water content of cloud, 
1.5¢m'; [O,], 30 p.p.b.; and temperature, 7 °C. There are no 
reliable data related to the actual size of a available, but it 
seems reasonable to expect it to be >107*; if such is the case, 
this reaction pathway can be an important source of acid in the 
troposphere during daylight hours. 

There are various other liquid-phase reactions that may con- 
tribute to S(Iv) oxidation but which appear to be less important 
than the peroxides and ozone. The data of Penkett et al’? show 
that the uncatalysed oxidation of S(1v) by oxygen is unimportant 
for tropospheric conditions”. However, Fe(111) and Mn(11) ions 
catalyse this oxidation so that this process can be an important 
source of acid for certain conditions (see Fig. 6, curves c, d). 
We have assumed a range of concentrations which we believe 
is typical of the rain water in the eastern United States: 
[Fe(111)] = 107°, [Mn(i1)]=107~° M (curve c); [Fe(m1)]=107’, 
{Mn(i1)]=1072M (curve d). At the highest concentrations 
assumed here, the equivalent gas-phase rates of SO, conversion 
to acid can be > 100% h™' in cloud water at pH >5. These rates 
fall dramatically as the acidity of the cloud water increases: 100, 
10 and 1% h™ for pH values of 5, 4 and 3, respectively. For 
the conditions observed in Los Angeles fog water by Hoffmann 
and Jacob”! (<107* and 107° M for Fe(111) and Malti), respec- 
tively), this pathway of acid generation can dominate all others, 
especially during the night. 

Oxidants such as peroxyacetylnitrate and its: higher 
homologues, even when present at 5 p.p.b. in the gas phase, are 
relatively unimportant oxidants for S(1V) (ref. 48) (see curve m 
for peroxyacetylnitrate at 22 °C). 
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Fig. 7 Theoretical con- 
_ centrations of various 
reactants and products as 
a function of time for the 
midsummer. and midwin- 
ter scenarios I-IV of Table 
1; lines are coded as out- 
lined in Fig. 4 legend. a, 
NO,; b, O3; ¢, H202; d, 
CH,0,H; €, CH;COO,H; 
J, CH,;,COO.NO,. Units 
are parts per 10° in a 
(p.p.m.) and parts per 10° 
in b-f (p.p.b.) 


It is clear from Fig. 6, curve |, that graphitic carbon (1 mg 17! 
cloud water) is an unimportant catalyst for the S(1v) oxidation 
in clouds present in air masses with usual pollutant concentra- 
tions. We used the rate equations of Chang et al”. For the 
carbon catalysis to compete with H,O, in solutions with pH 
values <6, its concentration must exceed 0.1 g 17}, a value which 
is probably encountered rarely in the troposphere. In some cases 
a very high carbon content’ has been observed in precipita- 
tion®’*', and graphite carbon-catalysed oxidation of bisulphite 
ions could be significant for these seemingly rare conditions. 
Nitrite ion rates of S(iv) oxidation also have been shown to be 
unimportant for the commonly encountered tropospheric 
conditions? ™??6:52, 

Simulations of the gas-phase chemistry for the scenarios I-IV 
reported here give some clues as to the expected concentrations 
of various oxidants that can be developed in theory for midsum- 
mer and midwinter conditions (Fig. 7). The estimates of the 
concentrations of CH,0,.H and CH,;COO.,H are only qualitative 
indicators of these quantities as the rate constants for the forma- 
tion reactions of these species (CH,0,+ HO, CH;0,H+0,, 
CH,COO,+ HO, > CH,COO,H+0,) are uncertain. We have 
chosen the lower of current estimates for these reactions (k= 
1.5 x107'* cm? per molecule per s) (ref. 53). Also the neglect of 
loss processes at the ground in these simulations adds to the 
uncertainty in these estimates, but they should be qualitatively 
useful. In the case of H-0, CH;0,H and CH,;COQ,H, the 
theoretical maximum concentrations can be well above the 
1 p.p.b. level assumed for the rate calculations summarized in 
Fig. 6. Note also the striking difference between the concentra- 
tions of all the oxidants formed in summer and in winter. The 
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theoretical midsummer maxima (p.p.b.) for scenarios I and II, 
respectively, of Table 1 are: H,O,, 12, 4.7; CH3;0,H, 4.2, 2.0; 
CH;,COO2H, 4.1, 0.008; and O}, 150, 35. For midwinter cases 
III and IV much lower values are seen: H,O, 0.002, 0.015; 
CH,0,H, 6.8 107°, 1.31077; CHCOOH, 4.4x107°, 6.1 x 
107*; O3, 44, 27. | 

Nitric acid generation in clouds. Comparisons of clear air compo- 
sition with that of cloud water in November measurements 
suggested to Lazrus et al.** that nitric acid was produced in 
clouds. The most probable reactions involve the uptake of N.O, 
and/or NO, into cloud water (see refs 55-58). The reaction 
sequence,is the following: 


O, + NO, -> NO, + 0, (20) 
NO,;+NO,=2N,0; (27) 
N,O,+H,O(cloud water) > 2H* +2NO; (28) 


The NO, radicals may also be captured by cloud water and 
react in part with soluble organic matter such as hydrated 
‘formaldehyde (HOCH,OH) to generate nitric acid as well as 
oxidation products of the organic species in reaction (29): 


NO, + HOCH,0H (aq) > 

H*(aq) + NO; (aq)+HOCH,O(aq) (29) 
HOCH,O(aq) + O,(aq) > HCO-H(aq) + HO,(aq) (30) 
2HO,(aq) > H,02(aq) + O2(aq) (31) 


The theoretical studies of Heikes and Thompson*”’”° suggest 


that the rates of HONO, formation in clouds by reactions (28) 
and (29) and their analogues can be very significant (equivalent 
gas-phase conversion rates for NO, of hundreds % h™"), pro- 
vided that the sticking coefficients for N.O;, and NO; on cloud 
droplets or moist aerosol particles are >10. The night-time 
generation of HONO, and nitrate aerosol (NH,NO;) in Los 
Angeles (Richards®*) and the depletion of NO (and by infer- 
ence, its coupled N.O, storage source) in night-time atmos- 
pheres of high humidity or in the presence of clouds or rain**°?, 
. provide indirect field evidence for these reactions. In theory the 
N.O;-cloud water reaction (28) can become highly important 
in winter when the lower temperatures favour the storage of the 
NO, product. The significant build-up of this compound can 
occur during the night (Fig. 5b), and HNO, can be formed as 
the N-O; contacts clouds, fogs or moist aerosol surfaces common 
in the winter season. It seems probable that the diminished rate 
of HNO, formation from the HO-NO, reaction (14) during the 
winter months is supplemented by the N,O.-cloud water reac- 
tion during this period. It is also probable that the relative 
insensitivity of the nitrate deposition data to season reflects the 
contribution of reaction (28). The SO, analogue to the reaction 
sequences (20); (27) and (28) cannot lead to the generation of 
sulphuric acid at night. The oxidation of SO, by O, in the gas 
phase is very slow”, and the midwinter rates of sulphate gener- 
ation die with the decline in generation of HO, HO, and other 
oxidants. 


Coupled gas/liquid acid generation 


It is clear that the two most important oxidants for HSOj in 
cloud water, H,O, and O,, arise in large part from gas-phase 
reactions. We have observed previously that the generation of 
ozone depends on a complex set of gas-phase reactions which 
are a function of the concentrations of NO,, hydrocarbons and 
their oxidation products, the relative humidity and the sunlight 
intensity. In the gas phase, H,O, arises from the interactions of 
hydroperoxy (HO) and hydrated hydroperoxy (H,0-HO,) 
radicals: 


2HO.,(+M) > H-O}, +0 (+M) (32) 


HO,+ H,O = H,O S HO, (33) 
H,O-HO,+HO,(+M)>H,0,+0,+H,O(+M) (34) 


The apparent second-order rate constant (k) for H,O, formation 
(R(H,0,) = k[HO,]’) is very sensitive to the concentration of 
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Fig. 8 Temperature (C1), dew point (+) (upper part) and con- 

centrations of gaseous H,O, (©) (in parts per 10° by volume, 

p.p.b.v.) (lower part) measured in a vertical profile over Elmira, 

New York (27 October, 1984, 1145-1230h). The pressure range 

corresponds approximately to altitudes from 1,400 to 2,800m 
above ground level. 


water vapour; increasing the H,O pressure from 0 to 14torr 
doubles the constant®. In theory other mechanisms also can 
contribute to H,O, generation in the cloudy troposphere. For 
example, Zika et al! reported that the time dependence of 
[H,O.,] in rain during storms in southern Florida and the 
Bahamas did not follow that for SOT and NO; in the rain 
water. They concluded that aqueous-phase H,O, generation may 
be important. Chameides and Davis” have suggested from 
theoretical considerations that HO, radicals, generated in the 
gas: phase, can be transported to the cloud water, and aqueous- 
phase reactions of HO, (and OF derived from HO.) can account 
for a significant rate of H0O, formation in clouds. 
Schwartz” came to a similar conclusion from other theoretical 
considerations. Provided ‘that the sticking coefficient of HO, 
radicals on cloud droplets is >10, which seems likely, the ‘ 
rates of HO, generation by this coupled gas-phase cloud process 
are in theory approximately equal to those of the gas-phase 
sequence of reactions (32)-(34). Calvert et al?ć and Hoffmann 
and Jacob” have suggested an additional type of. H,O,-forming 
reaction: photosensitized generation at the surface of certain 
sunlight-absorbing semiconductor solids suspended in cloud 
water. These processes can only be important sources of. H,O, 
if rather substantial amounts of reasonably efficient sensitizers 


are present in the cloud water. The limited concentration data , 


available for solid photosensitizers in precipitation suggest that 
this mechanism of H,O, formation is only important in unusual 
circumstances. Kok has suggested that lightning is another 
potential source of H,O, in clouds™. However, the relatively 
large amounts of H,O, predicted in our simulations (Fig. 7c) 
come entirely from the gas-phase processes (32)~(34), the only 
mechanism for H,O, formation which was included in the 
reaction sequence chosen for the simulations. 

One of the greatest uncertainties in the current theory of acid 
generation in the troposphere has been the magnitude of the 
available supply of H,O, present in the atmosphere. In theory, 
H,O, could be the limiting reagent for acid generation under 
many conditions. Recent measurements of the gas-phase [H,0O,] 
in the non-urban troposphere of the eastern United States have 
provided the first experimental estimates of this important para- 
meter. We have used newly designed, aircraft-borne, H,O, detec- 
tion equipment™*°. The flights were made during October and 
November 1984 in an instrumented aircraft (Beechcraft Queen 
Air). Significant levels of H,O, were observed in most of the 
air masses sampled. Figure 8 shows a typical. vertical profile 
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observed near Elmira, New York, on 27 October 1984 (1145- 
1230 h) for the gaseous H-O, concentration together with the 
temperature and dew point of the air mass. Of course, theory 
suggests that the largest gas phase [H,O] will be observed in 
summer and the smallest in winter, with an intermediate con- 
centration in the spring and autumn during which these first 
measurements were made. Observations of the [H.O,] in mid- 
summer and midwinter air masses have not been made to date. 
However, the H,O, present in winter precipitation at Whiteface 
Mountain, New York and Boulder, Colorado, is typically much 
smaller than that in summer samples. This is expected if the 
reactions of the HO, radicals, generated in reaction sequences 
which are initiated photochemically, are the dominant source 
of H,O,. Our findings confirm that gaseous H,O, is present in 
the troposphere during the autumn in sufficient quantity to be 
a major oxidant for S(IvV) in cloud water, and it is a reasonable 
extrapolation of theory that gas-phase H,O, will be more abun- 
dant during summer in the eastern United States. 

Here we have shown that both gas and liquid-phase processes 
are important in producing acids in the troposphere. Although 
many attempts have been made to compare the extent to which 
each contributes to the annual deposition of acids, such results 


are highly speculative at this stage. The proper coupling of the’ 


chemistry of the solution and gas phases must be made in a 
much more sophisticated model before any such judgements 
can be meaningful. 


Discussion 


In view of the considerations given here, we suggest that the 
observed seasonal dependence of sulphate deposition in eastern 
North America, largest in midsummer, lowest in midwinter (Fig. 
1), probably reflects the much greater rates of generation of 
oxidizing agents (such as HO radical, O,, H2O, and CH;0,H) 
in summer than in winter. All of the oxidant-forming reactions 
are triggered by the HO radical formation involving the O, 
molecule [reaction (10)]. Note that the general shape of the 
yearly distribution of sulphate ion deposition shown in Fig. la 
matches well the shape of the maximum J[O;] values for each 
month (solid curves in Fig. 1a). This strongly suggests that both 
the gas- and liquid-phase chemistry of sulphuric acid generation 
are strongly influenced by photochemistry. On the other hand, 
there is no strong dependence of the nitrate ion deposition on 
season. We consider that this can be explained in terms of the 
changing contribution from the two major HNO; sources with 
season. In summer, nitric acid generation will probably be 
dominated by the fast reaction (14) with some acid generation 
in the reaction sequence (20), (27) and (28). In winter, when 
the [N20;] is maximal (see Fig. 5b), the HNO; generation in 
reaction (28) can become more important as reaction (14) 
decreases in importance. The strong seasonal variations in sul- 
phate generation, coupled with the nearly constant nitrate gener- 
ation during the seasons, leads to the observed strong seasonal 
dependence on the SO2-/NOj molar ratio in deposition (Fig. 
2a). The lack of strong dependence of the NH{/SO27 molar 
ratio on season (Fig. 2b) suggests that the NH; sources must 
show a seasonal dependence which follows roughly that of 
sulphuric acid (sulphate). It is reasonable to suppose that 
emissions of ammonia during the summer (accompanying high 
biological activity) will exceed those of winter. However, exist- 
ing measurements of the ambient [NH;] in the eastern United 
States are too sparse to test this suggestion. 

The present report shows that current theories on acid 
development in the troposphere are in qualitative accord with 
the limited observations. The results suggest that the seasonal 
variation in sulphate deposition results largely from an oxidant 
limitation during the winter when photochemical activity is at 
its minimum. To what extent the summer acid deposition, the 
dominant deposition during the year, is oxidant-limited remains 
unclear. The very limited timescale of the record of acid deposi- 
tion and emissions of precursors in eastern North America 
prevents any definitive conclusion. A committee of the US 
National Research Council recently studied the existing limited 


field data related to acid deposition®. They observed that there 
was a near equality between the yearly averaged SO}, /NO3; 
molar ratios in deposition over a large part of the eastern United 
States and the yearly averaged SO,/NO, molar ratios of 
emissions over the same large area. From this and other limited 
evidence they concluded that a uniform decrease in SO, 
emissions may result in a proportionate decrease in sulphate 
deposition when averaged over large areas and a period of a 
year. They assumed that factors such as meteorology, emission 
of oxides of nitrogen, hydrocarbons and basic materials (such 
as NH;, CaCO,) remained unchanged during the period. Of 
course, a.policy of uniform reduction of SO, from all sources 
in a large region of the eastern United States is not the most 
cost-efficient control strategy. However, in view of the relatively 
simplistic transport-deposition models available at the time of 
the review and the large uncertainties related to the predictions 
of air-mass motions, the committee concluded that the con- 
sequences for deposition in ecologically sensitive areas of 
changes in spatial patterns of emissions in eastern North 
America, such as reducing emissions in one area by a larger 
percentage than in other areas, could not be objectively pre- 
dicted. 

Although our knowledge of the chemistry of acid development 
in the troposphere is considerable, there are many remaining 
uncertainties which plague the development of sound control 
strategy. Decreases in the emissions of sulphur and nitrogen 
oxides will, of course, help alleviate the problem, but the extent 
of response in acid deposition at sensitive receptor sites to 
cutbacks in precursors at specific sources remains uncertain. 
Provided that we can afford to delay control measures for some 
years without disastrous results, an assumption which biologists 
should judge, then laboratory and field studies of the acid 
deposition problem, coupled with accurate model development, 
should provide the firmer evidence upon which to build cost- 
effective control strategies. 
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Global interactive transport simulations of 
nuclear war smoke 
Starley L. Thompson 


National Center for Atmospheric Research, PO Box 3,000, Boulder, Colorado 80307, USA 


MASSIVE amounts of smoke from fires produced by a large 

nuclear war could create severe atmospheric and environmental 

effects over widespread areas’, the principal effect of which 
might be a severe cooling over land areas caused by a decrease 

of solar energy reaching the surface. Major uncertainties in the 
problem of ‘nuclear winter’ concern the total quantity of smoke 
produced, the scale of the spread of such smoke, and the rate 

of removal of smoke from the atmosphere by cloud and precipi- 
tation processes’. Some commonly acknowledged uncertainties 
can only be narrowed by recourse to global general circulation 
models (GCMs), for example, the extent and rapidity of smoke 
spread from regions of generation, the time-dependent geo- 
graphical patterns of surface effects, the importance of the initial 
height of injection of smoke and the modulation of effects by 
season. Here I address these uncertainties. (The lifetime of 
widespread smoke in the atmosphere and the long-term effects 

S of remnant smoke and dust in the upper troposphere and 

aN stratosphere (8-50 km) are not addressed here.) 

‘` The possible atmospheric effects of nuclear war have been 
discussed recently by the National Research Council (NRC)’. 
-Previous multi-dimensional global models of nuclear winter 
effects have made use of a ‘fixed’ smoke assumption in which 
smoke could affect the atmospheric circulation but was not itself 
... moved by the simulated winds**. It is more realistic to allow 

smoke to move interactively with the atmosphere. Aleksandrov” 
nd MacCracken and Walton" have independently used two- 











ay snoke transport experiments. The two-layer models 
ate that smoke can reach the Southern Hemisphere, but it 
plear y ahar extent this ia is caused a the limited 
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Global circulation model simulations are reported in which smoke created by fires following a large nuclear war i is all 9 
to move with the model winds. A substantial fraction of smoke generated over NATO and Warsaw Pact territories i 
moves rapidly upward and across the Equator in less than two weeks, but the dispersal of smoke in January i 
pronounced. Decreases in Northern Hemisphere land surface temperature are large in July, but less severe in January. 
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latitudinal resolution that a significant fraction of nuclear w 
smoke could reach the stratosphere. The two-dimensional mod 
did not find that substantial amounts of smoke would m 
towards the Equator. Malone et al? have recently performed 
smoke transport simulations with a fully three-dimensio 
model including an approximation for smoke removal b 
cipitation, and find that heating of the smoke by absorpt 
solar energy promotes both upward and equatorward 
movement that does not occur in calculations ‘using transpar 
smoke. S 

This study extends the model of Covey et al.*° to the int 
tive transport case. In particular, several of their results 
re-examined in the light of more comprehensive simul: 
(1) can a massive: smoke cloud in Northern 
latitudes in summer produce a circulation having 
dency to move smoke upward and equatorward; Q 
latitude land surface temperatures under a dense sr 
drop rapidly by an average of ~25°C in July, bu 
January; (3) is the pattern of land surface temper: 
heterogeneous, with greater average cooling in mid. 
and much less along coasts; (4) can heating of the at 
by smoke reduce condensation and precipitation 
cloud, thus reducing smoke scavenging and i 1 





























explained below. 


The model 
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simulated smoke put into the NCAR model is assumed to be 
_ non-scattering (only absorptive) in solar wavelengths and to 
have no direct interaction with infrared radiation. The inclusion 
of dust and smoke scattering in the radiative calculations, given 
_ the same absorption optical depth, would act to reduce further 
the solar energy available at the surface, but would also reduce 
i the solar energy absorbed in the smoke cloud. Neglecting the 
rared opacity of the smoke scenario used here has been shown 
$ o be a reasonable first approximation’ for surface-temperature 
Calculations, but may lead to some error in heating rates for 
A finoke in the stratosphere. The atmosphere and surface are 
represented by ~4.5° latitude and 7.5° longitude resolution, with 
s nine layers throughout the troposphere and stratosphere from 
he surface to ~30 km altitude. 
_ Various versions of the model produce generally reasonable 
‘simulations of temperature and wind fields under normal 
_ January and July conditions'® and simulations of the complete 
ar gea climatic cycle’”'*. The model is verified for climatic 
ze by testing with large forcings of known magnitude and 
late effect: the natural annual and diurnal cycles of solar- 
er legy forcing. The annual cycle of climate change at temperate 
and polar latitudes is a much larger change than any plausible 
nuclear winter effect. GCMs in general have shown that the 
ographical distribution and magnitude of the annual tem- 
peré cycle can be well simulated™™!’. The diurnal cycle of 
s olar forcing is comparable in magnitude and timescale to solar- 
energy changes that might occur under dense smoke clouds. 
s postions) with an experimental version of the NCAR GCM 
naving diurnal cycle capability show that it is possible to produce 
reasonable simulation of diurnal temperature variations 
(R. E. Dickinson, personal communication). 
Smoke i is transported in the model in the same way as water 
_ vapour", The spectral advection scheme used in the NCAR 
- model is not well suited to tracer studies and is augmented here 
_ to correct problems of negative concentrations and rapid disper- 
b +. sal of small positive concentrations. A correction procedure is 
_ adopted that tends to damp ‘small’ negative or positive values 
= of smoke concentration to zero, while leaving the main mass of 
smoke unaffected. ‘Small’ concentrations are those less than a 
_ threshold value that is height and time dependent and defined 
as 10% of the maximum smoke concentration at each vertical 
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Fig. 1 a, NATO and Warsaw Pact areas over which smoke is 
injected into the model atmosphere (shading); b, absorption optical 
depth for the July baseline case (180 x 10° kg smoke) 10 days after 
the start of smoke generation; c, as b, but for day 20. The optical 
depth is a measure of the vertical column amount of smoke. 
Absorption optical depths of 2.5 (shading), 1.0 (vertical lines) and 
0.4 (open cross hatching) correspond roughly to depletions of solar 
energy reaching the surface of 99, 85 and 50%, respectively. The 
shading is used for absorption optical depths >2.5. Smoke areas 
having absorption optical depth of <0.4 are not shaded. 


level of the model. The smoke-mixing ratios are multiplied at 
each model time step by a damping factor of 0.9 for negative 
concentrations and 1.0 for mixing ratios above the threshold 
(that is, no damping). The damping factor varies linearly with 
mixing ratio between the two limiting cases. This ad hoc pro- 
cedure successfully controls noise but does not guarantee mass 
conservation. As a final step, the global smoke mass is corrected 
by multiplying the smoke concentration at every grid point by 
the ratio of global smoke mass before and after each threshold 
damping procedure. The modified and original model transport 
schemes were compared to ensure that the modifications had 
little effect on the bulk movement of smoke. A more appropriate 
flux-corrected transport” formulation will be included in the 
future, but the present formulation is certainly sufficient to 
support the conclusions reached below. A comprehensive simu- 
lation would include the removal of smoke from the atmosphere 
as well as its injection and transport. The simulations do not 
yet include smoke removal, which is primarily associated with 
water condensation and rainout. The incorporation of smoke 
removal is currently being investigated. 

A baseline smoke scenario is adopted in which 180 x 10° kg 
smoke (the baseline smoke concentration suggested by the NRC 
report’) is introduced over selected NATO and Warsaw Pact 
territories in July (Fig. 1a). Smoke is injected at a constant rate 
over 2 days with uniform mixing ratio between the surface and 
an altitude of 7 km. The model is free to move smoke away from 
the regions of generation at any time during the injection period 
and thereafter. The simulation procedure involved running the 
model under normal conditions for a period of time, then at 
the initial perturbation time (day 0) a large-scale smoke 
introduction is started in the specified volume of atmosphere. 
It would be more realistic to introduce the smoke as plumes 
over many probable fire locations. Mesoscale circulations would 
transport, scavenge and disperse the dense plumes until they 
merged into the large ‘patches’ that the global NCAR model 
can actually resolve. The coarse grid of the model limits the 
geographical resolution of the smoke source regions to a 10° km 
scale. The fate of nuclear fire smoke in the first few days after 
its generation is a problem suited mure to mesoscale meteoro- 
logical models (10-10? km grid scale) than to coarse global 
models. 
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= Results 
~The location of smoke 10 days after the start of smoke genera- 
-- tion is shown in Fig. 1b. The plotted quantity is absorption 
-. optical depth proportional to the local vertically integrated 

~~ column amount of smoke. Absorption optical depths of 2.5, 1.0 
=- and 0.4 (see Fig. 1 legend) correspond roughly to depletions of 
» solar energy reaching the surface of 99, 85 and 50%, respectively. 
-. By day 10, smoke has spread around the Northern Hemisphere 


> Smoke spread has increased by day. 20, the last day of the July 
baseline simulation (Fig. 1c). : 
Covey et al.* suggested that large concentrations of smoke i in 
«the preserice of strong solar-energy forcing would distort the 
‘normal north-south atmospheric circulations so that smoke 
would be moved southwards more rapidly than normal. This 
more rapid movement is confirmed by comparing the July 
baseline simulation with a control simulation using transparent, 
but mobile smoke. By day 15, <1% of the control-case smoke 
is in the Southern Hemisphere, compared with 11% for the 
baseline case. Remarkably similar results for smoke spreading 
“tate have been produced by models with a wide range of vertical 
resolutions from 2 levels’° to the 9 levels used here to 20 levels’ 
Present simulations of global smoke transport do not seem to 
be very sensitive to the vertical resolution of the model used. 

Figure 1 suggests that smoke tends to accumulate preferen- 
tially over the Eurasian land mass. This would be a significant 
result, if confirmed, because nuclear winter effects that would 
be asymmetrical between the major world powers could conceiv- 
ably create perceptions of relative strategic vulnerability or 
advantage”. However, the results in Fig. 1 reflect the fact that 
the initial smoke injection over Eurasia is larger than that over 
North America. Smoke generation is simply assumed to be 
constant per unit area, and the assumed Eurasian target area is 
larger than the corresponding area in North America. Other 
scenarios, short of detailed targeting lists, seem no less arbitrary. 
A simulation using an unbiased zonally symmetrical injection 
of smoke shows no tendency for the smoke to accumulate 
preferentially over any continental region. 

The vertical movement of the smoke is illustrated in Fig. 2. 
By day 10 (Fig. 2a) a substantial quantity of smoke has risen 
well above the injection altitude range of 0-7 km and a ‘tongue’ 
of smoke between 10 and 20 km altitude is seen projecting into 
the Southern Hemisphere to ~20°S. On day 20 the upwards 
and southwards spread of the smoke has increased, with smoke 
extending to 30° S (Fig. 2b). The rapid vertical movement of the 
smoke in the July baseline case is a direct consequence of intense 

solar heating of the smoke cloud, that is, the smoke is self-lofting. 
Thirty-one per cent of the smoke is. above 10 km altitude on day 





-15 in the baseline case, compared with 6% for the control case 


using transparent smoke. 
The simulated vertical movement of smoke is caused only by 






An nels eee heated: shaver forms at the top of the Oke i 
cloud in the baseline simulation. This layer would be a site of 


strong dry convection (but probably little moisture condensa- 
tion) that would tend to mix the smoke upwards and increase 

the rapidity of its vertical movement"! 
_ -The solar heating of the smoke has ‘profound consequences 
| for the structure of the atmosphere and probable smoke lifetimes. 
Normally, the tropopause (the boundary between the mixed 
troposphere and more stable stratosphere) is at an altitude 
between 10 and 18 km. Solar heating rates of the order of 10°C 
per day at the top of the smoke cloud in the Northern Hemi- 
-sphere baseline case force the effective tropopause downwards 
o between 5 and 8 km altitude ~1 week after the start of smoke 
ection. Moisture condensation necessary for effective smoke 
~---gemoval is virtually eliminated above 5 km. However, smoke 
_. that remains at low altitudes for more than a few days would 
Ae havea good chance of being removed by the remaining cloud 
scavenging processes. The fraction of smoke that would be 
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"into the Southern Hemisphere, but remains inhomogeneous. 


Ser ipera motions emia r olvable by. the model. noe addi- P months, depend < on the initial. injection altitudes of the six 
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Fig. 2. The mixing ratio of smoke (X10 g per g, or mass: of 
smoke. per mass óf atmosphere) averaged over longitude and 
displayed as a function of latitude and height. a, July baseline. 
smoke case, day 10; b, July baseline smoke case, day 20; c January. 
smoke case, day 30. Denser shading patterns indicate higher smoke 
concentration. Mixing ratios >20%107° are shown as the most. 
shading: those of 10-20 x 10°® as vertical lines; those of 4-10 x10°* 

_ as open cross-hatching; and those <4X107® are not shown. All 
smoke is injected between 0 and 7 km altitude. : 


removed on the normal smoke scavenging timescale of ~ 
week”, and the fraction that would have a lifetime of weeks to 







the: July. bas 
f lor ng-lived smoke might b 
of the assumed smoke injection. Malone et al? reach. 
conclusions based on. the results of a model with explicit 
removal. | 
The effects of the soke on temperature at the surface 
shown in Fig. 3. Biological effects would, of course, be se 
if sub-freezing temperatures were to occur in the northern 
perate latitudes in July, But even temperatures as “mil 
10°C would be ces Th in low-latitude regions not accust 
to low mper T re J July so ace temperature just b 











See are a, in s Eurasia and North subfreezing 
3b). Note that the relatively warm area in the interior of No: 


1b. The correspondence between smoke and surface temperati 
implies that the surface. responds to solar energy changes o: 
timescale of a few days, ; as noted by Covey et al’, 
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T he temperature distribution on day 20 is given in Fig. 3c. 
he temperature pattern is changed from day 10, expecially over 
jorth America, East Africa and East Asia. The inhomogeneous 
istribution and time variation of cold temperatures are a com- 
bined consequence of a patchy smoke distribution and normal 
ay-to-ilay weather variability. The differences between Fig. 3a 
nd b are an indication that the quantitative details of the 
temperature distributions shown should not be taken too 
terally. Regional details and the time sequence of events would 
iffer if the model were started with the weather conditions of 
ifferent July day, but the large signal resulting from nuclear 
moke would still stand out clearly above normal weather noise. 
ensemble of many simulations starting with different initial 
ditions could be used to establish weather statistics, but such 
n expensive undertaking is not justifiable given the status of 
resent models. In addition, many simplifying assumptions have 
n made in the calculations that could modify the surface- 
‘mperature estimates, for example, the use of non- -scattering 
moke and the absence of a detailed simulation of the structure 
the lowest few kilometres of the atmosphere. The most restric- 
e assumption may well be the neglect of smoke removal. This 
mption tends to make the temperature decreases described 
3 more severe on averags than those actually expected, 
ly for day 20. o 3 
et al’ suggested from their results that the spread of 
n January would be less than in July. A January case 
considered to examine the sensitivity of the simulation 
assumed season of a war. All parameters are identical to 
ine July case except the season and length of simulation 
; instead of 20). The zonally averaged mixing ratio of 
n day 30 of the January case is shown in Fig. 2c. Even 
30 days the smoke has not spread upwards or southwards 
‘much on average from the initial area of injection. Instead, 
smoke is largely contained in a region of the winter tropos- 
ere and tends to become well mixed in the absence of removal 
ocesses. Six per cent of the smoke exceeds 10 km altitude by 
15, compared with 1% for the January control case and 
the July baseline case. On the same day, 1% of January 
in the Southern Hemisphere, compared with <1% for 
ary control and 11% for the July baseline. The difference 
n January and July is the lack of strong solar heating to 
smoke in January. 
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Fig.3 Surface temperature (°C) for the July baseline smoke case. 
a, Day 0 (before smoke generation); b, day 10; c, day 20. The most 
dense shading indicates temperatures <0 °C; vertical lines, 0-5 °C; 
open cross-hatching 5-10 °C. Temperatures > 10 °C are not shown. 


Covey et al.* speculated that patches or streamers of smoke 
could quickly reach the Southern Hemisphere in January despite 
the absence of a large change in Northern Hemisphere circula- 
tion, but this effect is not found here in the January case. 
Patchiness in either January or July is not as pronounced as 
once thought’. Vertical shear of horizontal winds tends to spread 
smoke efficiently horizontally at altitudes above 5 km. This upper 
troposphere smoke can obscure lower altitude patchiness that 
might arise from local precipitation and smoke removal. 

The dramatic difference in surface-temperature response 
between January and July is shown in Fig. 4. Large areas of the 
Northern Hemisphere experience time-averaged temperature 
decreases exceeding 15 °C in July (Fig. 4a). Allowing the smoke 
to move out of the target latitude zone produces temperature 
effects about as severe in magnitude as those found by Covey 
et al.*, but substantial effects occur over a wider area. In contrast, 
the January case (Fig. 4b) shows surface temperatures rarely 
decreasing by more than 15 °C on average. Only in the latitude 
belt 20-35° N do the temperature change averages seem to be 
significant given the normal variability of the model. In this 
zone the mean temperature drop over land is ~5 °C. Normal 
observed winter temperature minima for many locations in this 
latitude band approach 0 °C but have rarely, if ever, been below 
eis The time-averaged January land temperature at 20- 
35° N is 4°C in the model, with sub-freeznig temperatures 


conina to the northern margin of the zone. A 5 °C temperature = ce 





shift, although apparently small, could combine wit 


weather variability to produce unusually low, damaging iem Soe” 


peratures in the Northern Hemisphere winter subtropics. — 


In addition to testing the sensitivity of the simulations to 


season, it is important to examine the sensitivity of the results 
to at least two other parameters: the injection tan 
amount of smoke. The injection height of the sr 
the length of time the smoke may be subject to prec 
scavenging and may affect the circulation perturbation tha fts eS 
and transports the smoke in summer. A July low. inj ase 





was performed in which the smoke was placed in ‘the model oo 


between 0 and 2 km altitude. This height range is unrealistically 
low for large fires’, but will serve as a- large change from the | 
baseline case. It is found that the low altitude of injection does 
not change the tendency of smoke to move upwards and south- 
wards. The main difference between. the two. cases is a delay of 
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Fig. 4 The time-averaged change in surface temperature (°C) 

shown as results from a smoke case minus a smoke-free control 

case. a, July case, days 5-20; b, January case, days 5-30. The most 

dense shading indicates temperature decreases of >25 °C; vertical 
lines, 15-25 °C: open cross-hatching 5-15 °C. 


' ~§ days in the time it takes the low injection smoke to reach a 
given height or latitude compared with the baseline case. The 
extra time at low altitude is not very long, but could result in 
substantially more smoke removal than in the baseline case, if 
removal were to be included. 

Smoke amounts of 60 10° and 540 x10” kg are still within 
the uncertainty limits suggested previously’. These smoke 
amounts are used in July simulations. Averaged over days 10-15, 
the 60 x 10° kg case produces a land average surface-temperature 
decrease over 30-60° N of 14°C compared with 23°C in the 
baseline case. The 540 x 10° kg case produces a 26°C decrease 
for the same time and area, indicating that adding more smoke 
would result in little additional cooling in the target latitude 
zone. However, very large injections of smoke are important for 
latitude zones outside the target area. The 540 x 10° kg case gives 
a 19°C decrease for land between 0 and 30° N on days 10-15, 
compared with 12°C for the baseline case and 4°C for the 
60 x10° kg case. The rate of spread of the smoke is nearly the 
same for these three July cases. However, there does seem to 
be a small self-shielding effect that makes the 540 x 10° kg smoke 
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case disperse more slowly than the 60 x 10” kg case. The 60 
10° kg case allows solar energy to penetrate further into th 
smoke cloud, and therefore lift a larger fraction of the smc 
mass. By day 15, 34% of the smoke of the 60 x 10” kg casi 
above 10 km altitude compared with 25% of the 540 «10° 
case. 


Conclusions 


Global smoke transport simulations were performed BS 
smoke injections over NATO- and Warsaw Pact territo: 
July and January. Suggestions that smoke from a nuclear 
could spread to non-combatant areas in the tropics and§ 
Hemisphere, and that the atmospheric effects of smok 
act to increase the smoke lifetime, are generally supporte 
the July simulations presented here. The heating of smoke 
July produces a self-lofting effect that rapidly moves a ‘subst 
tial fraction of the smoke upwards and a smaller fraction act 
the Equator in less than 2 weeks. The upwards and southwa 
spread of smoke in January is much smaller than in July because 
of weaker solar heating. In July, widespread large temperat 
decreases could occur over Northern Hemisphere land area 
and some environmental effects could extend to the mid-lati- 
tudes of the Southern Hemisphere a few weeks after a large 
nuclear war in which Northern Hemisphere cities were targeted 
Surface-temperature effects in January are less pronounced, bu 
biologically harmful temperature decreases could occur in the 
Northern Hemisphere subtropics. 

Some major uncertainties in the nuclear winter problem tha 
are unresolvable by global scale models will need to. be reduces 








effects can be made, especially the amount of smoke produce 
by a given war scenario and the amount of smoke removi 
promptly in clouds associated with large fires. Moreover, as the 
principal impact of a nuclear winter would be biologic: i 
reducing the uncertainty in the estimates of biological effects o! 
various climate response scenarios deserves a high priorit 
Further improvements that will enhance the credibility of th 
global models will include. interactive removal of smoke 
simulation of the diurnal and annual cycles of solar ener 
forcing and simulation of the long-term effects of remnant smok 
and dust in the stratosphere. At this time the range of nucle 
winter uncertainties permits a spectrum of effects from milk 
local cooling to subfreezing temperatures on a global scale. oO 
course, not all the possible scenarios in this range are equa 
probable, but even severe hemispheric-to-global-se: 
environmental effects remain a plausible outcome of a larg 
nuclear war. 
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TERMINATION of the segmental pattern in the Drosophila 
arva occurs at the blastoderm stage of embryogenesis'~*. Many 
r the genes involved in the establishment of segmentation have 
een identified on the basis of mutations, and the cuticular 
henotypes of the typically lethal mutant embryos have allowed 
the classification of the segmentation genes and the assignment 
of the domain of action for each of them”. Mutations of the 
ap class of segmentation genes result in deletions of contiguous 
segments in defined regions’. Kr is required specifically for 
horacic and anterior abdominal segmentation ™®. Embryos 
: loMmozy gous for strong (amorphic) Kr alleles show a deletion 
of all three thoracic and five abdominal segments that are 
eplaced by a partial duplication of posterior abdominal seg- 
ients with reversed polarity’. In addition to the segmentation 
defect, the malpighian tubules are absent”. The phenotypes of 
a series of hypomorphic Kr alleles show progressively smaller 
gaps in the segmental pattern, with the weakest lacking meso- 
and metathorax and one abdominal segment®'° 

_ That Kr’ gene requirement for normal segmentation is purely 
zygotic and is limited to the embryo period from blastoderm to 
extended germ-band stage has been inferred from combined 
1orphological and genetic studies” © and from the develop- 
nental profile of Kr* transcripts®. Here, we describe in situ 
ybridization experiments showing the spatial and temporal 
atterns of Kr gene expression in wild-type embryos and cyto- 
lasm injection experiments that reveal localization of Kr“ 
etivity in wild-type embryos and the spatial requirement for 
<r” activity in Kr embryos. We relate these experiments to Kr 
itant phenotypes and to other genes involyed in the establish- 
nt of the embryonic body plan. 





locus is the source of several developmentally regulated 
pts ranging in size from 2.5 to >4 kilobases (kb) (U.B.R. 
_ preparation). ‘Together they represent <0.01% of 
RNA*. The most abundant transcripts of 2.5 and 2.8 kb 
1 detected previously as a single broad band on North- 
3°; each of the other transcripts is ~50 times less abun- 
complementary DNA clone with sequences homologous 
‘these transcripts" has been isolated and used to prepare 
-specific *H-labelled RNA probes (see Fig. 1 legend). 
robes were hybridized to frozen sections of Drosophila 
s>" and sites of hybridization corresponding to Kr* 
script accumulation were detected by autoradiography. 














rst Kr* transcription 
During the early cleavage stages, the Drosophila embryo 


evelops as a plasmodium. After seven rapid nuclear divisions 
ithe central yolk, most nuclei begin to mee to the periphery 
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 Krü opal (Kr) locus is a member of the ‘gap’ class of segmentation genes of Drosophila melanogaster. Mutations 
tthe Kr locus cause the deletion of contiguous segments from the embryonic body pattern. We have elucidated the spatial | 
nd temporal characteristics of Kr gene expression during early embryo development, the localization of cytoplasmic. Kr* 
ctivity and its spatial requirement for normal segmentation. 





of the egg. (Yolk nuclei remain in the central region.) The first 
cells appear at the posterior end of the embryo (pole cells) after 
the ninth nuclear division. During the syncytial blastoderm stage 
that follows; nuclei at the periphery undergo four additional 
synchronous divisions. Following the 13th nuclear division, the 
~6,000 peripheral nuclei elongate perpendicularly relative to 
the egg surface. About 30 min later, cell membranes grow inward 
from the oolema to enclose the nuclei, thus forming a single-layer 
epithelium, the cellular blastoderm, at ~3.5h after fertiliz- 
ation! ts, 

Transcripts of the Kr gene are first detected in syncytial 
blastoderm stage embryos after the lith nuclear division. At 
this time, a specific hybridization signal occurs over a circumfer- 
ential band of 8-10 nuclei in a region ~45-55% of the egg 
length from the posterior pole (Fig. 1a). We term this zone the 
Kr* central domain. By the completion of the 13th nuclear 
division, a much stronger hybridization signal extends over the 
cytoplasm of 12-14 peripheral nuclei and the cytoplasm of yolk 
nuclei in the corresponding region of the embryo (Fig. 15). 

During the cellular blastoderm stage, Kr* transcripts are still 
present in the Kr* central domain in a band of 12-14 cells and 
the yolk cells contained within it. A new region of Kr gene 
expression also appears late in this stage in the posterior cap 
(~10 cells wide), excluding the pole cells. The signal intensity 
of this posterior Kr” domain is at first weak, but increases 
significantly towards the end of the blastoderm stage. Concomi- 
tantly, Kr” transcription decreases in the yolk but not in 
peripheral cells of the Kr* central domain (Fig. 1c). 


Spatial pattern of gene expression 


After the blastoderm stage, gastrulation is initiated by the invagi- 
nation of cells, which subsequently form the mesoderm, along 
the ventral midline. The cephalic furrow simultaneously forms 
laterally about two-thirds of the distance from the posterior end, 
and cells forming the posterior polar plate begin to migrate 
dorsally!*"!, | 
The spatial pattern of Kr* transcript accumulation becomes 


more complex with the onset of gastrulation. First, a third zone 


of Kr gene expression develops suddenly in the anterior region 

of the embryo. This Kr” anterior domain comprises a band of. 
cells lying about six cell diameters anterior and parallel to the 
cephalic furrow (Fig. 2a). The signal intensity in this zone is- 


less than 10% of the Kr* central. domain, which continues to` ? 







comprise a band of 12-14 cells starting about 6-9 cells posterio 
to the cephalic furrow, and includes cells that have invaginate 
to form the mesodermal anlage (Fig. 2a). The ventral region of | 





the Kr” central domain appears substantially wider than the- oy 


dorsal region, resulting from compression of dorsal cells and 
stretching of ventral cells at the beginning of and during germ- 
band extension'*'’. With the onset of gastrulation, the signal 
intensity of the Kr* posterior domain (which has begun to 
migrate dorsally) has further increased (Fig. 2a, b). - | ; 
The restriction of Kr* transcripts to the three Kr* domains 
ends shortly after the beginning of gastrulation. The first depar- . 
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Fig. 1 Localization of Kr* tran- 
scripts in sections of blastoderm- 
stage Drosophila embryos. Bright- 
field photomicrographs of embryo 
sections (left) showing details of cel- 
lular organization and correspond- 
ing dark-field photomicrographs of 
the same sections (right). Silver 
grains developed in the autoradio- - 
graphic emulsion appear as bright 
spots in dark-field optics. All sections 
are in the same orientation, anterior 
(left) and posterior (right). Scale bar, 
50 um. a, Sagittal section of a syn- 
cytial blastoderm-stage embryo after 
the 11th nuclear division showing the 
first appearance of Kr” transcripts 
over peripheral nuclei ~45-55% of 
egg length. b, Horizontal section of 
an early cellular blastoderm-stage 
embryo with focus on yolk nuclei 
(arrows). Inset, tangential lateral sec- 
tion (including the Kr* central 
domain) indicating that Kr* gene 
expression is in a circumferential 
band of cells. ¢, Horizontal section 
of a late cellular blastoderm stage 
embryo showing the first appearance 
of Kr* transcripts in the posterior 
domain. 

Methods, Sections of devitellinized 
embryos and subsequent treatments 
were done as described by Akam and 


IIS gS ea 


Martinez-Arias”°. Strand-specific “H-labelled RNA probes were synthesized as described with SP6 polymerase, linearized vector template and 
appropriate concentrations of 7H-UTP and cold nucleotides’ to a specific activity of 6x10’ d.p.m. pg~' and a mean fragment length of 200 
nucleotides. Plasmid template pSPcK6 (ref. 11) was used to prepare antisense RNA probe for localization of Kr” transcripts. Probes for 
determination of background for precise localization of the Kr* domains and for sensitivity of the Kr* probe relative to fiz gene expression 
(data not shown) were prepared similarly from pSPcKS (ref. 11) and pSPF1 (the ftz* probe). Sections were hybridized for 24h at 44°C ata 
final probe concentration of 1 ug ml in hybridization buffer without dextran sulphate. After hybridization, the slides were treated with RNase 
A% and washed as follows before dehydration, autoradiography and staining by standard methods**: 3 x21 (4x)SSC for a total of 12 h (22°C), 
2x21 (2x)SSC for a total of 8 h (22°C), 21 (0.2x)SSC for 15 min (50 °C) and 21 (0.2*)SSC for 15 min (22 °C). Autoradiographic exposure 
was 21 days at 4°C. Orientation of embryos was determined in serial sections. Early embryos were staged by developmental time and by 


counting the number of peripheral nuclei'*'? 


in serial sections with known orientation. All references to stages, cell numbers or the position 


of Kr” transcripts were confirmed in at least five different embryos and by use of the ftz probe in parallel sections. 


ture from a highly localized pattern becomes visible when the 
plane of the migrating polar plate forms an angle of ~45° relative 
to the longitudinal axis of the embryo (Fig. 2b). Within 15 min, 
and in the absence of mitotic divisions, an additional narrow 
zone of Kr* gene expression occurs ventrally about four cells 
(equivalent to a segmental anlage) behind the Kr* central 
domain. This zone is itself four cells wide, extends over the 
mesoderm anlage and appears to be restricted to a ventral medial 
strip of ectoderm contiguous to the mesoderm anlage (Fig. 2b). 
This pattern becomes obscured subsequently by additional new 
Kr gene expression spreading posteriorly in both mesodermal 
and ectodermal cells. By the end of germ-band extension, at 
~6 h post-fertilization, Kr* transcripts have accumulated from 
the posterior edge of the cephalic furrow throughout the thoracic 
and abdominal anlagen. Higher signal intensity occurs in the 
ventral region, the posterior edge of the cephalic furrow and 
especially over the adjacent thoracic and the anterior ab- 
dominal anlagen. Furthermore, variation in signal intensities 
follows a metameric pattern along the extended germ band 
(Fig. 2c). 

During the extended germ-band stage, Kr’ transcript accumu- 
lation becomes gradually restricted to cells of the mesoderm 
and possibly also neuroblast cells (Fig. 2c-e). Labelling of the 
previous Kr* posterior domain becomes limited to a few cells 
(Fig. 2c) that form the anlage of the malpighian tubules (see 
refs 17, 18 for details) and persists after these organs are formed 
(Fig. 2d, e). Kr* transcripts of the previous Kr* anterior domain 
appear predominantly in a medially narrow strip of cells above 


the dorsal roof of the stomodeum (Fig. 2d), which corresponds 
to the site of the developing oesophagus and includes the 
somatogastric nervous system’’. 

By the beginning of germ-band shortening, ~8 h post-fertiliz- 
ation, the spatial pattern of Kr gene expression has decreased 
to a low level of Kr* transcript accumulation (approaching 
background) throughout the embryo (data not shown). 


Cytoplasmic Kr* activity 


Phenotype rescue response of homozygous (amorphic) Kr’ ke 


embryos was used for determining the localization of Kr* 
activity in different regions of wild-type embryos, and to assay 
the spatial requirement for Kr* gene product(s) in the Kr mutant 
embryos. 

Embryos of Ddc"’ Kr'/SM1 parents were injected with cyto- 
plasm of wild-type donor embryos. Homozygous Kr' embryos, 


which can be distinguished from their siblings by their Dde 


phenotype (see refs 8, 10 for details), were scored for phenotype 
rescue effects. Some of these embryos developed a segment with 
normal pofarity anterior to the sixth abdominal segment and 
closely resembled the intermediate, rather than the strong, Kr 
phenotype of uninjected Kr' embryos. The weak phenotype 
rescue effect on segmentation was only observed when the 
cytoplasm was taken from the middle region (30-70% egg 
length; posterior is 0) of blastoderm-stage embryos and only if 
injected into the same region of pole-cell stage Kr embryos (see 
Table 1). The region of highest Kr” activity in wild-type embryos 
and the rescue-responsive region in Kr embryos correspond 
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Fig. 2 Localization of Ar” tran- 
scripts in sections of embryos of early 
gastrula and early germ-band 
extension stage. Format, orientation 
and experimental conditions are as 
described in Fig.1 except that the 
probe concentration was 0.25 pg 
ml~' and the autoradiographic 
exposure was for 9 weeks. a, Frontal 
section deriving from the dorsal half 
of an early gastrula-stage embryo 
having just formed the cephalic fur- 
row (arrowheads); b, medial section 
of an early gastrula embryo slightly 
older than the embryo shown in a. 
Note that pole cells have already 
migrated dorsally. c, Slightly tangen- 
tial section of a late germ-band 
extension embryo. Note that label 
extends along the posterior edge of 
the cephalic furrow, that Kr” tran- 
scripts accumulate highest in the 
thorax and anterior abdominal 
region, that differences in intensities 
suggest a metameric pattern of Kr* 
transcripts and that Kr” transcripts 
accumulate in cells forming mal- 
pighian tubules (arrow). d, e, 
Localization of Kr* transcripts in 
parallel, slightly oblique sagittal sec- 
tions of an extended germ-band stage 
embryo ~7-8h_ post-fertilization. 
Note the strong hybridization signal 
in the oesophageal region 
(somatogastric nervous system), the 
absence of label over ectoderm, Kr* 
transcript accumulation in 
mesoderm (including neural tissue) 
and in malpighian tubules (arrow). 
Note that when probe concentrations 
>0.25 ug ml~' were used, the Kr’ 
anterior domain as well as initial 
signs for spreading (a,b) were not 
detectable above nonspecific back- 
ground, a fact that we attribute to the 
higher signal-to-noise ratio of lower 
probe concentrations in in situ 
hybridizations (see ref. 27). 


(within the limits of resolution) to the initial Kr* central domain. 
Malpighian tubules never formed in our experimental conditions 
(see Table 1). 


Discussion 


We report here a complex pattern of Kr gene expression that 
is regulated in three spatially distinct domains during early 
stages of embryogenesis. The pattern of Kr gene expression has 
no direct correspondence in the segment pattern of the strong 
Kr phenotypes (see below). This lack of correspondence and 
the complex changes in Kr gene expression (Fig. 2) were unex- 
pected in light of earlier studies on fushi tarazu (ftz) and 
engrailed (en), two other genes affecting segmentation in which 
the periodic patterns of gene expression correspond to the 
affected regions of the respective mutant phenotypes'?~', 

The Kr“ central domain is ~12-14 cells wide at blastoderm 
stage and corresponds to the zone of highest Kr* activity in 
cytoplasm of wild-type embryos, to the rescue-responsive region 
in amorphic Kr embryos (Table 1), and to mesothoracic, meta- 
thoracic and the first abdominal primordia on the blastoderm 
fate map'’***. In all but the weakest Kr phenotype*'’, the gap 
in the segment pattern is larger than these three segments. This 
suggests that regions of blastoderm cells that do not express the 
Kr gene are affected by the absence or presence of Kr gene 
expression in neighbouring cells, and that the formation of 
segments affected in strong Kr alleles may involve activity of 
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other genes (see below) and/or could be mediated directly by 
the spread of Kr gene expression and/or Kr* gene product(s) 
during early gastrulation (Fig. 2). 

A comparison of Kr and ftz gene expression suggests that 
different initiation and maintenance of gene activity exist for 
different classes of segmentation genes. Expression of both genes 
is first detected at syncytial blastoderm stage. However, ftz* 
transcripts were first observed in a broad band encompassing 
the 15-65% region of the embryo excluding the yolk nuclei. 
During the following two nuclear divisions, the ftz* transcripts 
gradually become restricted and localized to seven bands of 
cells corresponding to the anlagen of segments deleted in ftz 
mutants’”. | 

It has been proposed’ that Kr gene expression is activated 
by a hypothetical gradient of positional information”, thought 
to be generated by maternal-effect genes such as bicaudal (see 
ref. 10 for details). Two aspects of Kr gene expression seem to 
be consistent with this interpretation: the initial appearance of 
the Kr* central domain during the period of first detectable 
zygotic transcription**** (Fig. la); and the occurrence of Krt 
transcripts in the peripheral layer of syncytial blastoderm 
nuclei and the central yolk nuclei of the corresponding region 
(Fig. 1b). 

After blastoderm, significant levels of Kr” transcripts accumu- 
late in the posterior abdominal anlagen. As these form normally 
in amorphic Kr embryos’**'®, Kr* activity may only be required 





emina ninne ren ee Shier nt thsi a aiia 


NATURE VOL. 317 4 SEPTEMBER 1901.. 


‘Table 1 Age of recipient embryos at the time and site (% egg lengt ) of injection 


: Région where Age of recipient 



































Age of cytoplasmic embryos at the No. of injected No. of 
donor sample was taken time and site homozygous homozygous Kr’ embryos with: 
Oregon P2 (% egg of injection Dde™ Kr' embryos segmental rescue malpighian tubule J 
embryos length) (% egg length) scored a. || (%) 7 © {%) 
pe-sb 40-60 pe 0-10 52 0 Q 
20-30 26 0 Qo 
40-60 55 | ü 0. 
l 70-90 33 f 0 0 
0-10 i 40-60 59 0 0 
10-30 40-60 53. 0 o 
30-40 40-60 52 6 (12) 0 
40-60 40-60 68 18. (26) 0- 
60-70 40-60 54 5 (9) 0 
70-90 40-60 57 | 0 0 
40-60 40-60 55 Q Qi 
40-60 40-60 54 9.(16) Bio 
40-60 40-60 53 24 (45) ma Ree 
0-10 0-10 49 Go E: 
0-10 eb 0-10 26 0 GS 
| mb 0-10 l 28 ais Ea Se 
| ib 0-10 51: 0 Qos 
40-60 | Ib 40-60 58. 0 Oe 
40-60 >o pec 0-10 62 0 0 
. 20-30 52 0 9 
30-40 53 l 4 (8) 0 
40-60 68 18 (26) 0 
70-80 52 | 3 (6) 0 
80-100 56 0 oe 
Embryos from Ddc"’ Kr'/SM1 parents were injected and subsequently handled as described elsewhere’. The amount of injected matérial was 


~~300 pl, which corresponds to ~3% of egg volume. Cytoplasm was taken from precisely staged donor wild-type embryos (Oregon PH: <10% i 
egg volume was taken and transferred into the referenced region of recipient embryos. In measuring percentage of egg length, the zero point was 
placed at the posterior end. Kr’ homozygous embryos were scored after development to hatching larvae by their Dde phenotype as describe 
-previously®"°. Malpighian tubule development was scored during development and related to Kr’ embryos that could be unambigously: scor 
later'®. The development of at least one segment with normal polarity adjacent to the sixth abdominal segment was scored as ‘segmental rescui 

(The criteria for this rescue response are outlined in ref. 8). pc, Pole-cell stage; sb, syncytial blastoderm stage; eb, early blastoderm stage when the 


-oolemma just starts to engulf the nuclei; mb, mid-blastoderm stage before elongation of nuclei (see text); Ib, late blastoderm stage when nuclei 


oS , are engulfed by the oolemma. | 


anterior to the sixth abdominal segment. Injected cloned Kr* 
. DNA sequences’ or cytoplasm from a middle region of wild-type 

embryos (Table 1) as well as hypomorphic Kr” activity in trans’? 
cause the formation of one or a few additional anterior 
abdominal segments in amorphic Kr embryos. This suggests 
that initiation and/or maintenance of these segments require a 
low level, and the formation of additional segments towards the 
me “mesothorax requires increasing levels of Kr* activity that might 
`- relate to the graded levels of Kr* transcripts at extended germ- 
`! band stage (Fig. 2c). Furthermore, the preceding spread of Kr 
. gene expression (Fig. 2b) and its sharp restriction at the posterior 
: edge of the cephalic furrow (Fig. 2c) suggest regulation through 

_ the action of and/or interaction with other zygote effect genes* 

The best candidates for Kr interaction are the products of the 
‘other two members of the gap class of segmentation genes, knirps 
_and hunchback, mutation of which cause the deletion of subsets 
of contiguous segments, partially overlapping on either side of 
_.. the Kr domain’. The interaction of both gene products with Kr 
(products) might be required to initiate and/or to maintain 


the formation of a subset of s egmental anlagen defined by — 


_the respective mutant phenotypes’ which become specified fur- 
ther by the action of other segmentation and nomocone 
genes. 

_. The Kr* expression of the posterior domain, which appears 
‘two mitotic. divisions after that in the Kr* central domain, 
probably plays a part in malpighian tubule development. This 
can be deduced from the position of this domain on the blas- 
derm fate map'”"® 
of Kr* transcripts to the malpighian tubules. The involvement 
rin 1 malpighian tubule development is to be expected 
se an Kr mutants lack these organs”. In contrast, 













et al, unpublished data) sharing common sequences with 


‘on the basis of genetic. studies. 
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, and more directly from the final restriction | 










the localization of Kr” transcripts after germ-band extension 
surprising as related defects in Kr embryos have not yet be 
observed. Note, however, that the Kr* locus is the sourci 
several developmentally regulated transcripts (ref. 11 and U. 


cDNA clone used in this study. One or more of these may 
uniquely responsible for- ‘segmentation function, malpi; 
tubule development and the predicted secondary Kr effect 
remain to be established. Further characterization and 
ation of sequences unique to each tr nscript wil 
determine the different effects of Kr, a segmentati 
seems to be more complex on the molecular level hi 
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. laxies with highly active star formation regions (starburst 
alaxies) are inferred to have high supernova rates in the region 
activity’. If most of the supernova energy input is thermalized, 
strong wind is driven out of the active region. The wind is probably 
) fast that gravitational forces are not involved. We present here 
an analytical solution for the wind which is driven from a region 
of uniform mass and energy deposition. The solution is applied to 
[82—-the best observed case of a starbust galaxy. The model can 
be directly compared with the gas pressure in M82 and with a 
wind velocity deduced from radio spectra. The galaxy does have 
clouds orbiting out of the disk. The interaction of the wind with 
the clouds can give rise to streaming motions and to X-ray emission. 
The wind is expected to create a hole in any diffuse gas in which 
the galaxy is embedded. The wind may have a significant role in 
the evolution of a starburst galaxy in that it transfers gas, which 
is probably heavy-element enriched, from the central regions to 
the outer parts of the galaxy. 

_ We assume that the wind is spherically symmetrical and that 
gravitational forces are negligible. The total mass and energy 
input are M and È respectively. The equations for the flow are’: 
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U2 is the sound speed, as a variable. Analyais of the 
yn = that a smooth transition from subsonic flow at 
ntre to supersonic flow at large r requires that M =1 at 
. The solution is 
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ysical variables can be found from the integrated 
> (1) and (3). The solution for y= 5/3 is 
and i is given in various limits in Table 1. 





~~ error of at most a factor ‘of 
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Fig. 1 The wind solution as a function of “i R, where R is the 

radius of the region of mass production M a anes ergy production 

È. The dimensionless. variables. are u* = u/ E), pa” 

p/(M°P ETY R), and P, = PMPREUIR-D, For log 

(r/ Rì} >0.5, the solution is “described by the. Expressions in 
Fabie | 


Rieke er al.' estimate a supersiove:- frequency in the central 
region of M82 of 3 per 10 yr. An independent estimate is avail- 
able from the rate of decline of compact radio sources which ~ 
are presumed to be the remnants of supernovae’; this leads to. 
one supernova per 3-5 yr. If the energy of each supernova is — 

10°! erg, the energy production rate is ~10* ergs’. We assume 
a fraction æ of this energy is deposited in a low-density gas 
which fills most of the volume.. The factor a is to account for 
radiative losses by dense gas and i inaccuracies in the supernova 2 
rate. : | 
With the above pee rate, the e mass in 















The compact radio sources sobsdrved by Kronbe 3 g upy 

a region about 600 x 100 pc in projection. The fact that the energy ; 
input region is flattened reduces the accuracy of the model in 
describing the region, but we estimate that this introduces an 





the dependences on R in Table 1 . Wet OT 

The input parameters for M82 are nor = =108 € 
M = BMo yr" and R =200 pe. These lead t to acentra 
and density of P,=7.8 x 107° a wi gil 
1.21077 a17 pe 8 cm tr=R of 
2.8 x10° (a/B)”* km s” An estimate of the wind: velocity at ee 
r= R is suggested by the steepening of the radio ‘spectralindex 
away from the centre; Seaquist. et al deduce a wind velocit 
of ~2,000 km s~'. While this applied to relativistic electrons, 
our model they would be expected. to move with the gas. T 
result implies a = B. As the pocap? velocity. from the gal 









Table 1 Properties of the wind solution for yz m 
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a few hundred km s`’, the neglect of gravitational terms in 
equations (1)~(3) is justified. 
The gas pressure in M82 can be estimated from observations 
of relatively dense gas at temperature T = 10* K. From the [S 11] 
doublet. ratio, O'Connell and Mangano’ obtained electron 
_ densities n, = 1,800 cm™°? in central H 11 regions, 800 cm™? at 12 
arc sec S (180 pc), and = 100 cm”? at 36 arc sec S (540 pe). In 
terms of pressure, this corresponds to Py =5 10°? dyn cm™’, in 
fair agreement with a and 8 both ~1. The decrease in pressure 
is P/ Po = 0.44 at r= R and P/ P,<0.05 at r~3R. If the dense 
: ionized gas is exposed to the wind, its pressure is determined 
by the total ram pressure, P + pu’, inthe wind, but if it is shielded 
from the direct wind interaction, its pressure is determined by 
the thermal pressure in the wind. In the model, P/P, = (1, 0.29, 
0.0025, 8x 107’) and (P + pu’)/(P + pu?) = (1, 0.76, 0.10, 0. 01) 
+ for r/ R = (0, 1,3, 10). The observed radial dependence i is slightly 
-| steeper than the ram pressure case. Young H 1 regions can have 
»-overpressures compared with the surrounding medium, so other 
estimates of n, are desirable. Houck etal." have deduced n, = 120 










M82. Rodriguez and Chaisson’ analyse the radio recombination 
lines and free-free emission and deduce that the emitting gas 
has n; =300cm™° with a filling factor of 0.04. This analysis 
requires several assumptions. If n, +300 cm™* at the centre, then 
(ap)? ~0.01 or a~ B~0.1. In another analysis of radio re- 
combination line and free-free emission, Seaquist et al.° deduced 
that the emitting gas has n.=30cm™° and a filling factor of 
unity. This interpretation is inconsistent with the presence of a 
thermally driven wind. A high pressure is indicated by the 
nonthermal radio emission from the central region, which 
implies a minimum energy density in relativistic gas of 3x 
107° erg cm ~3 (ref. 10). 
M82 is a source of extended X-ray emission™"!. Watson ef 
' al’? suggest one possibility for the emission: gas with n= 
- 0.2cm™ and T=10 K filling 0.1 of a volume with radius of 
about 1.7 kpc. In the model, the gas density falls too rapidly for 
the wind to produce the emission itself. However, there are 
clouds orbiting M82 (ref. 7). If some of this gas has a density 
0.1m, it can be shocked to a temperature T~ 10’ K. The 
pressure in the gas should be equal to the total wind ram 
„pressure. With the above parameters P = 5.5 x 107'° dyn cm~?, 
which is 0.07 of P, in the model. This value of the ram pressure 
is reached at about 4R (800pc) in the model. While the model 
can perhaps reproduce the X-ray properties with a = B = 1, the 
case a = B = 0.1 is too weak in X-ray emission. This indicates 
a high central pressure. The explanation of the X rays as resulting 
from a wind~cloud interaction is consistent with the observed 
correlation of X-ray emission with optical filaments" 
The outflowing wind can drive clouds out from the centre of 
the galaxy. From ref. 12, the terminal velocity reached by a 
cloud in the constant velocity part of the flow is u, = 430 a'/* 
B'* (ro/ 1. kpo) '/* o_, ~~’? kms”! where rp is the initial distance 
of the cloud from the centre of the galaxy and ø., is the mass 
column density of the cloud in units of 107° g cm~’. A standard 
cloud in our Galaxy has o; = 1. Clouds which are substantially 
affected by the wind have rọ/v, = 7, where 7 is the age of the 
wind. With 7r=3%x10’yr and a=8=1, this requires 
(ro/1 kpc)? o_, '/?< 13. Thus, standard clouds can be directly 


accelerated and instabilities induced by the wind-cloud interac- | 


tion may lead to further outflow. This motion, in combination 
with the orbital motions of clouds, may contribute to the complex 
- velocities observed in M82 (refs 13, 14). The gas responsible 
for the X-ray emission is subject to outward acceleration, so it 

must be continually produced by the break-up of clouds. 
a While high-column-density clouds are not much affected by 
< the wind, diffuse gas is swept away. From ref. 15, the extent of 
the wind is 14( at,’ / p27)? kpe where 7, is the age of the wind 
in units of 10’ yt and p..; is the density of ambient gas in units 
of 10°’ g cm’. At this radius, a fast shock wave is driven into 
the medium. Cottrell!® has noted a diminution of the Hi surface 
density along the northern axis of M82. This may be related to 
the sweeping action of the wind. The central supernovae are 











observed parameters can be: related to the pressures. Th 


80, —120) cm? from a S 111 line ratio in the central part of ~ 


, a distinct contrast to the dynamic behaviour observed in th 

































expected to mix eae inet into the hist gas, sO the 
should enrich the surrounding medium with metals. 

We have applied our model to the galaxy M82 because 
galaxy has been the subject of many observational investigat 
However, the model should apply to any galaxy where th 
a region of concentrated energy input which is capable of dri 
a fast wind. As in M82, extended X-ray emission is expec 
from the galaxy, particularly if there are clouds in the w 
The major prediction of the model is the variation of t 
pressure and ram pressure with radius. The magnitude 
pressures is related to the mass and energy input. Va 


cannot be expected to give jletailed agreement with obse 
because it does assume spherical symmetry. An impr 
would take into account an asymmetrical region of ma 
energy input and an asymmetrical environment. (for exar 
galactic disk) into which the wind is expanding. 
This research was Sippora in part by NSF grant 
8413138. 
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The installation of a Fabry-Perot interferometer at Ha 
(75.5° S, 26.8° W; L = 4.2), Antarctica, has now allowed the | 
comparison to be made between Southern Hemisphere grou 
based thermospheric wind measurements and the predictions 
three-dimensional time-dependent thermospheric global cir 
tion model. Because some terms of the thermospheric mome 
equation are more dependent on geomagnetic than geogr 
latitude, the large separation of these that exists at Halley pro 


frequently studied northern polar thermosphere. Althoug 
initial results from the experiment are in general agreeme | 
the model, some consistent and significant differences betwee 
observed wind field and that predicted are evident in the mo 
sector. These may be related to uncertainties in mapping magne 
pheric boundaries to ionospheric heights in the Southern He 
sphere. 

Because of the high geographic latitude of Halley, t 
sufficient darkness, near winter solstice, to allow cont 
observations of atmospheric optical emissions. Halley, ` 
invariant latitude of 60.8°S, normally lies in the sub-aur 
zone and hence the major. contributor to the sky brightnes 
the 630-nm line is the diffuse airglow of low intensity, m 
orders of magnitude below the visual threshold. Aur 
emissions occur spasmodically, providing a much brighter, an 
often sharply spatially structured, contribution. 








i wind field : at 240 km alti- 
tude, 0000 UT. Latitudinal 
range is 60°S to the pole 

(geographic). The region of 

` strong anti-sunward flow is 

: displaced | from the. geo- 









0, The position of the auroral 
ibs oval is indicated by the 
shaded region. 


Fig.2 a, Model simulation 
of winds over a 24-h period 
for Halley. Wind vectors 
are shown at hourly inter- 
vals in UT. The solar and 
magnetospheric parameters 
used in the model are 
chosen to represent the con- 
ditions prevailing during the 
i 50 selected observation period. 

ms" b, Neutral wind data from 
12 to 13 July 1983 (1830- 
0945 uT). Vectors interpo- 
lated at 15-min intervals are 
shown, their tails lying on a 
circle describing the locus 
of Halley through a 24-h 

period. 


The instrument’ used in this study has a large aperture 
mm) Fabry-Perot etalon using zerodur spacers, 10 mm in 
1. The circular fringe patterns are recorded using an imag- 
photon detector, and the data are stored on magnetic disks 
le of holding the observations made over several days. A 
ig mirror system allows measurements to be made in the 
geographical cardinal directions at 30° elevation, and also 
zenith. 
i present investigation, the Doppler shift of the 630 nm 
sion is used to measure the bulk motion of neutral 





, the peak in the volume emission rate occurs at 
n. Satellite data”, rocket measurements? and theoretical 


over the region of maximum intensity (due to the high 
tic. viscosity) and so the observations are representative 
bulk neutral motion at this height. From a continuous 


ated i aed each of the IEIR directions. a the eae 









| nis is a re to 
ct, The rotation of the magnetic 
ic beg in a Sun- Earth reference frame, 


a P ; 
2 “ Sey M); away y from the location 
> ` of Halley (circled vector). 


K by the diurnal pressure-gradient force and ion drag fron 
nts i in the F-region of the ionosphere. At the latitude — 


contributes to these winds. During this period, Halley is down- 


jations* have shown little altitudinal structure in the wind wind of the area of highest velocities in the polar cap. 


et of observations, a time series of line-of-sight velocities is. | but poor agreement at others (0700-0900 UT). The ionospheric. 


electric field with a total cross-cap potential of 70 kV. g jk 
latitude heating and ionization effects resulting. from auror 






Fig. 3 Neutral wind data 
from 15 to 16 July (2145- 
1000 UT). The same reversal 06 
















































CARES 18 
feature can be seen at about 
-0800 UT on this geomagneti- 
: cally quiet day (K, average 
1+). 
24 F 50 
msi 


carries with it a region of strong anti-sunward flow’*. Because 
Halley is almost diametrically opposite to the magnetic pole i in. 
geographic coordinates, the station will always sample an area.. 
that is on the edge of, or well separated from, the fast streaming 
region, whereas a station at a latitude similar to that of Halley 
but located on the opposite side of the geographic pole would 
observe quite different diurnal wind variations. The gener 
circulation pattern and the centering of the high-velocity region 
on the magnetic pole can be seen clearly in the three-dimensional 
time-dependent model of Fuller-Rowell and Rees’ ‘shown i in 
Fig. 1. : 
The auroral oval is a circular region of visual arcs displaced 
3° from the geomagnetic pole, towards the dark hemisphere’ 
(Fig. 1). Its boundary becomes closest to Halley at about 0200- 
0300 UT, resulting in an increased auroral contribution in the —__ 
measurements, Conversely, at 1400 UT the auroral oval is very 
distant, that is, close to the geographic pole, and the sky ilumina- 
tion from the 630-nm line is then only due to airglow. e 
Model calculations for the Southern Hemisphere predicta 
relatively weak wind field at Halley, attributable to its low  _ 
geomagnetic latitude (65.8° S). For the period from 1000 to 2000 
UT, in a simulation of moderately disturbed conditions (Fig. 
2a), the predicted velocities remain below ~80 ms™'. Depend- _ 
ing on the time of day, these winds are driven to a different 
extent by ion drag resulting from the sunward ion convection 
at sub-auroral latitudes, and by the pressure-gradient force. __ 
resulting from the diurnal heating cycle due to solar extreme 
ultraviolet plus any local heating effects. The zonal component 
is very small during this period, there being a fairly consistent 
poleward velocity. ee 
The period of lowest velocity predicted by the model occurs Ee 
in the pre-midnight sector, around 2000 UT, when the Halley 
ionosphere is in the weak sunward ion convection equatorward 
of the auroral-zone boundary. The sunward ion drag is oppose 
and nearly balanced by the anti-sunward force resulting í . 
the global diurnal pressure gradient; this causes a region of near ‘ 
stagnation in the wind field. The highest velocities are expected _ 
in the period 0300-0700 UT when the station is close to the | 
magnetic noon-midnight meridian downstream from the 
geomagnetic pole. These mainly. equatorward winds are drive 





































high-speed cross-polar ion convection, acting in a similar d 
tion. Joule heating due to ionospheric currents probably 


Comparison between the modelled (Fig. 2a) and measured © 
(Fig. 2b) wind vectors for 12-13 July 1983 shows that there is -` 
good agreement for some periods of UT, such as 0100-0500 UT, 


and magnetospheric inputs to the model have been selected 
be representative of the moderate geomagnetic activity susta 
throughout this day, when the K, index'* varied from 3- 
and the Halley fluxgate magnetometer records showed. prolo! 
ged moderate activity. The model includes a polar conv 





electrons are also included'®™ 
For the observed winds, which are interpolated. at 15-min 
intervals, the errors in Getermining t e SRO depend. 01 
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intensity of the 630-nm emission. In the local-time evening sector 
(LT=UT—2), the observed winds are weak and the intensities 
are low. Thus, the estimated error in velocity is up to +40 m $5" 
Directional information is, therefore, not reliable, although there 
are indications of a weak equatorward wind, the zonal com- 
ponent changing from eastwards to westwards near 2300 UT. 
With greater intensities present through the rest of the night, 
the typical error is +20ms '. 

The most significant difference is that the observed wind 
between 0700 and 0900 UT is mainly poleward and of moderate 
strength, in this case, ~100 ms‘, whereas the model predicts 
a weak equatorward flow. Modifications arising from the 
orientation of the interplanetary magnetic field y-component 
(By) were considered; however, model simulations representing 
both By positive and negative conditions predicted an equator- 
ward velocity until around 1100 UT. There are several mechan- 
isms that might contribute to this discrepancy; for example, 
time-dependent changes of geomagnetic activity generate com- 
plex direct changes of thermospheric winds in the polar regions. 
However, this suggestion is not supported by the observation 
of a similar feature on other, rather quiet days (see Fig. 3). The 
most likely explanation of this lies in the modelling difficulty 
of mapping magnetospherically controlled phenomena, such as 
the convection electric field and the particle precipitation boun- 
daries, accurately in the Southern Hemisphere. Currently, the 
model uses the invariant latitude offset of 16° at the South Pole 
and 11° in the north. The latter gives an excellent prediction of 
the location of geomagnetically controlled phenomena in the 
Northern Hemisphere’*'*. In the ‘Southern Hemisphere, 
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i op RAe d a E 
The structure of small metal crystals has been intensively examined 
by high-resolution electron microscopy (HREM). In particular, 
multiply-twinned gold and silver crystals have been characterized 
using the profile-imaging method™? at atomic resolution, and 
reconstructed metal surfaces observed’. Crystal structure images 
of large gold clusters consisting of 55 gold atoms arranged in a 
cubeoctahedron have been recorded? using 2.5 A resolution, and 
crystal growth, row by row, on a {111} surface has been docu- 
mented“ using a low-light-level silicon-intensified target television 
(TV) camera and video system with an on-line image processor. 
Direct imaging of rearrangements of atomic columns on extended 
gold surface“ established that profile imaging can provide informa- 
tion about surface self-diffusion. The motion of surface atoms, 
recorded with a real-time video tape-recorder (VTR) system, and 
the formation of surface atom steps on {100} surfaces, although 
not {111}, has also been reported recently“. Dynamic HREM 
observations at TV rate showing defect motion in gold’ and CdTe 
(refs. 8, 9) has given information on ‘in-lattice’ rearrangements 
of columns of atoms. We report here surface profile images re- 
corded with the electron beam along the (110) direction with 
spatial resolution of ~2.0 A which reveal changes in occupancy 
of the atom columns often within periods of less than 0.1 s. Surfaces 
with several adjacent atom columns involved in rapid structural 
changes frequently interacted with a cloud of atoms extending out 
to 9A off the crystal and changes in shape and density of the 
clouds were recorded. Although these clouds have already been 
described’, the present work is the first to analyse these events 
properly and to describe them in detail. The motion of atomic 
columns and the existence of atom clouds revealed here may have 
important consequences for crystal growth, surface science and 
catalysis studies. 
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however, a large separation exists between geographic and dip — 
latitude frames. Because of asymmetries in the field, this offset _ 
is approximately 29° at Halley (dip latitude = 46.4° S). Argu- 
ments have been presented that the dip latitude reference frame 
might be more appropriate when it is related to dynamic proces- 
ses such as the effects of winds and electric fields™?. A further 
development of this comparison could be that the topological 
mapping of features of the precipitation boundaries and convec- 
tion patterns within the southern polar region do not make a 
simple one-to-one correspondence with those in the Northern 
Hemisphere, where a far greater body of ground-based and 
rocket-borne data have been available to complement 
spaceborne observations. F. 
Some of this work was done by R.D.S. and R.W.S. at Ulster 
Polytechnic, Northern Ireland. 
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Fig. 1. Image with a gold surface profile recorded along [T10] 
showing a cloud of gold atoms outside a (001) surface. Arrow 1 
marks a twin pane (111) in the crystal. A column consisting of a 
maximum of seven gold atoms at the (001) surface is marked 2 
and the outer limit of the gold atom cloud is marked 3. The fine 
horizontal lines in the image are scan lines of the TV monitor, 
Time of registration, 0.13 s. 
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Gold clusters containing 55 atoms, Auss[P(C6Hs)3]ı2Cle, were 
made by reducing (C,H;);PAuCI with B He in benzene™ and © 
a drop of the sample, dispersed in methanol, was then placed 
on an amorphous holey carbon film. The clusters were observed © 
to be randomly oriented and spread across the entire film. The | 


v 
Organic ligands and chlorine atoms were removed by the vacuum 
‘System from the area irradiated by the electron beam. The 
remaining crystal with the 55 Au atoms was unstable and started 
_ to grow at the expense of other crystals*. The surfaces of the 
_ growing crystals were very clean and usually did not show any 
contamination with amorphous structure during the growth 
_ Process. Moreover, because of the high intensity of the electron 
_ beam in normal viewing conditions (~20-30 A cm~), it seems 
_ highly unlikely that any chlorine (or phosphorus) atoms from 
_ the original clusters could remain attached to these crystals for 
_ any extended period. It would also be difficult to explain why 
atoms other than gold could sit in exact register with the bulk 
lattice, as has always been observed here. 
_ The microscope used for this study was a JEM-4000EX in 
_ the basic ultra-high-resolution top-entry configuration. The elec- 
tron accelerations voltage was 350 kV and the spherical aberra- 
tion coefficient of the objective lens was 1.0mm. The point 
resolution is better than 2 Å at 350kV, making it possible to 
resolve the distances (2.5 A) between the gold atom columns in 
_ the (110) projection. Fibre-optically coupled TV system, Gatan 
622, having a 0.15-mm yttrium-aluminium-garnet screen, was 
_used for the video-recording but without an image intensifier. 
_ The images recorded on video tape were passed through a 
Quantex DS-30 digital video processor for noise reduction by 
an exponentially weighted sliding-average method with an 
averaging time constant of 4/30 s (four frames) using 512 x 512 x 
256 resolution. It was possible to ‘freeze’ the image at any time 
Ww ith the use of the frame-grabber facilities in order to take 
photographs of the TV monitor. The normal electron optical 
image magnification of the microscope was 600,000 and the 
_ final magnification on the TV monitor was ~20 x 10°. The photo- 
_ graphs of the video monitor generally showed very little interfer- 
ence from the scan lines of the monitor, since the distances of 
interest in the gold crystals were of the order of 10 times the 
distance (0.3 A) between the scan lines. 
The observations of atomic rearrangements in real time can 
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Fig.2 Sequence of images showing 
surface profiles of a rough (331) gold 
surface, built up by small steps at 
(111), (111) and (001) surfaces, all 
recorded within a few seconds and 
each with an exposure time of 0.13 s. 
The images show how the cloud of 
atoms outside the surface changes 
shape and interact with some gold 
columns. The column marked 1 is 
changing position during the interac- 
tion. Columns 2, 3 and 4 are new in 
h. See text for explanation. 


be divided into three types: small crystals with sizes generally 
=30-40 A in diameter change their crystal shape and orientation 
continuously**'" and often very quickly; larger crystals show 
localized column hopping, sometimes within 1/30th of a 
second'*; and outside some specific surfaces, clouds of atoms 
in motion can be seen. It is significant that such clouds have so 
far not been seen adjacent to {111} surfaces but were very 
common outside {100} surfaces, as also reported by lijima®, and 
outside {110} and {331} surfaces, which has not been reported 
previously. This characteristic of the atom clouds is seen in the 
central (001) surface profile image of an Au crystal shown in 
Fig. 1, which was recorded with the electron beam parallel to 
the [110] direction of the crystal. Note that the adjacent surfaces 
are both (111). The cloud of atoms is localized only outside 
the (001) surface and shows some sort of regularity almost in 
periodicity with the crystal lattice. The outermost layer of atoms 
belonging to the (001) surface consists of only partly filled 
columns (one marked with arrow 2, Fig. 1) during the time 
(0.13s) of registration. This crystal originated from a cube- 
octahedral crystal of 55 gold atoms, with a square-shaped (001) 
surface. If its shape is assumed to be basically the same during 
crystal growth, then the depth of the present (001) surface profile 
is seven gold atoms. The column marked 2 has a contrast almost 
as dark as the neighbouring inner columns. Assuming that there 
are five or six gold atoms in this column during the time of 
registration, some steps in the projected crystal surface, hardly 
showing any contrast at all, consist of only one or two atoms. 
The centre of the dark contrast of columns of this layer seems 
to be in periodicity with the crystal lattice. However, this is not 
the case for the next layer. Two such columns can be recognized. 
The distances between the columns of the {111} planes are 2.5 A 
in this projection but the outer two are ~2.8A out from the 
regular lattice. The contrast of the two columns is more diffuse 
and this is even more pronounced for the column (arrow 3, Fig. 
1) of the outer visible cloud, which is 7.5A out from the 
outermost regular (001) lattice plane. 
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In most crystals studied so far, the clouds of gold atoms range 
out to 7-9 A from the outermost crystal lattice plane and it is 
-interesting to conjecture whether this distance is significant for 
{100} surfaces of gold. This possibility will only be answered 
-by further investigations of other metals. 
The continuous changes to the shapes of the clouds, as well 
as the column hopping, have been well documented for many 


alk crystals on our video tapes. It has been found that columns of 
atoms can be out of their normal lattice positions for a short 


time while in interaction with the cloud of atoms. Such behaviour 
is shown in Fig. 2. This sequence of images of the same crystal 
profile, assumed to be projected along [110], represent the 
ever-changing life of a (331) surface over a few seconds’ time 
span. The images reveal that this (331) surface is not an even 


i -3 x l-stepped surface on the atomic scale, but rather is composed 


oA of atom steps with different lengths of (001), (111) and G11) 
surfaces. Thus, a more proper name here would be ‘piecewise 


< The atom column marked 1 in Fig. 2a is of major interest in 
-o this sequence. In this figure, three columns are interacting with 
parts of the cloud looking like tornadoes. The shapes of the 
~ cloud clearly show the pathways for the gold atoms on their 
-way out of or into the three columns of the lattice. The next 
image (Fig. 2b), recorded less than a second later, shows how 
the contrast of column 1 is weaker, indicating that some atoms 
must have moved out to the cloud. Just to the right of column 
1 is some off-lattice contrast, most likely as a result of the 
transport of atoms from the middle ‘tornado’ shown in Fig. 2a. 
Column 1 has slightly changed its lattice position; the distance 
to the neighbouring column to its right is ~10% longer than 
normal. That distance has further increased in the next image 
(Fig. 2c), recorded less than a second later. 

Figure 2c-g correspond to changes happening in real time 
within less than a second. The cloud shown in image c seems 
to have two positions (marked with arrows) with darker contrast. 
Their distances from column 1 are ~4.8 A, separated by an 
angle of 80°. The distance between the two dark positions is 
~6 A. Column 1 has moved to a position out of lattice 3.6 A 
from its bottom-right neighbour while the distances to the 
columns immediately below and below to the left are close to 
normal, 2.5 A. Note that one outer column two steps to the right 
of column 1 has a weaker contrast and an off-lattice position 
just to its right similar to the position of column 1 in image b. 
Images d and e show how the contrast of the two darker 
positions in the cloud has increased and that there is an interac- 
tion with column 1 which has become darker than in image c. 
This implies a transport of atoms from the cloud to column 1. 
The two dark positions at the cloud are 5.8 A apart in e and 
the angle mentioned earlier has decreased to 69°. The darker 
right contrast is 5.1 A from column 1 and this contrast disappears 
in the next image, f. There is obviously a strong interaction 





Los < between the cloud and the columns t the tight of ¢ column. 1 in ad 
See images d-g. The position of colum: ibe tk nein — 






images c-f. Careful comparison of images c= 
is a transport of atoms to column 1 in the beginning ((c)-(e)) 
and then an emigration out to the cloud in f and g. In image 
g, the neighbouring column below and to the left has lost atoms 
to such an extent that column 1 has less ‘bonding’ in this 


direction. The distance to its neighbours has then increased to 


3.6 A in the bottom and bottom-left directions. The column two 
steps to the right of column 1 has darker contrast and thus has 
more atoms in its row. A few seconds later (image h), column 
1 has gone back to its ‘normal’ lattice site while three new 
columns (marked 2, 3 and 4) have been added to the surface. 


Column 4 is still very weak in contrast and is presumably only - 


a few atoms deep. The cloud outside the (331) surface has one 
l major concentration of contrast about 4.5 A from column 4. 


It is interesting that most dynamical events occur where the - 
normal sequence of the steps in the surface is disturbed. It is — 
also important to appreciate that, because of the. continuous 
atomic rearrangements, these images of atom clouds actually 

¢ sort of time and spatial average of atomic column 
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positions. The non-uniform background visible, for exam 
Fig. 2 is due solely to this variation. Note also that the ob 
atomic motion is caused, in part, by the incident b 
defocusing of the beam leads to reduced activity. F 
surface self-diffusion is known to occur in face-centerec 
metals even at room temperature’’. It would be interest 
relevant to«studies of real catalysts, to repeat the 
observations reported here, once some sort of specim 
cartridge becomes available which is compatible witt 
resolution. 
This work has demonstrated that off-lattice dynamical 
outside crystal surfaces can be recorded at atomic reso 
In small particles of cubic-close-packed gold, the in 
between {100} and {331} surfaces and clouds of atom: 
found to be very rapid. It may well be that column hoppi 
changes of cloud shape are an indication of how atoms 
the most favourable lattice position during crystal growth 
phenomena described here also suggest that it should be po: 
to monitor the way in which other atoms interact with ; m 
surface, and this should be of fundamental importan c 
studying heterogeneous catalysis. 
This research was supported by the Swedish Natural Scien 
Research Council (E-EG 3914-110), the National Sw 
Board for Technical Development (DNR 84-3515), ‘the 
(DMR-830871) and used the facilities of the Arizona $ 
University Regional Facility for HREM, üii y l 
grant DMR-8306501. 
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dieat. end. evaluating Maori: chemical perti 
For dissolved zinc, it has been suggested’ that typical 
centrations are as high as 450 nmol kg™' « However, it 
been proposed” that most published values are incorrect 
true value of dissolved zinc may be 2 orders of magnitud 
Because zinc is one of the most commonly used metals 
industrial world, the sampling and analysis of this elem 
natural waters is particularly prone to contamination’. 
here the dissolved zinc concentrations from various rivi 


samples were collected and analysed by methods that have 
reliable oceanic data for. other metals’. The data indicate 
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ei -Dissolved zinc plotted against pH. a, Zine in relatively 
disturbed major rivers including the Yangtze (Chiang Jiang) 
id tributaries of the Amazon and Orinoco. b, Zinc normalized to 
| dissolved solids for the same set of major rivers. c, Zinc in 
H-adjusted aliquots of Mississippi River water (April 1984, 
103 mg |’ suspended load, pH 7.7); the adjusted aliquots were 
lowed to equilibrate overnight before filtration and analysis. 
Precision of these zinc data is estimated to be 10%; at pH~4.5 
the dithiocarbamate method recovered ~92% of the zinc. 





mples were obtained using acid-cleaned linear polyethylene 

. The bottles were normally attached to a Plexiglas holder 
d of a long non-metallic pole and immersed below the 
face. Replicate samples were obtained when possible. 
g sites were chosen to avoid nearby tributaries and any 
ite sources of contamination. After collection, samples 
d-(0.4 pm Nuclepore) and acidified to pH<2 with 
hloric acid. In cases where a comparison was 
ce was noted between samples filtered immedi- 
ion and those stored in the dark and filtered 








i 1c was analysed by graphite. furnace atomic 
pectrometry using a Perkin-Elmer 5000/ HGA 400 
Vost samples were first preconcentrated by the 
lidine dithiocarbamate method’ with the coprecipi- 
ed out at pH~ 4.5. Samples with high zinc concentra- 
nmol kg” a however, were determined directly. 
ists dissolved zine concentrations for various major 
ining generally undeveloped regions. In. Fig. la, a 
ip between dissolved zinc and pH is evident for these 
similar trend has been observed for beryllium’. This 
ip could result from variations in: (1) the amount of 
ferent source rocks; (2) the leaching of trace elements 
t weathering regimes; or (3) the distribution of zinc 
fie adsorbed and dissolved phases. 
il lines of evidence suggest that. it is the adsorption 
ir of zinc that is primarily reflected in Fig. la. In Fig. 
) centra tions have been normalized to total dissolved 
9S) to give a crude indication of the solubilization of 
ajor components of the weathered source 
Fig. 1b may be compared with average zine 











‘to isotherms for the adsorption of zinc on various natural and 


Fig. te) demonstrated that the process is reversible. A ‘final io 


allowed the calculation of a distribution coefficient for: zine of 
_ ~10° ((mol Zn adsorbed per kg solid) per (mol Zn dissolved 


sample had 10 times more adsorbed than dissolved zinc. 


tions. Using tributary flow estimates’ to calculate the flow- | 
_ weighted sum of dissolved zinc for the basin yields a concentra-. 
- tion of 6.4 nmol kg™'. This is significantly higher than the actual 
dissolved zinc concentration near the mouth of the Amazon. 
‘Similar non-conservative behaviour has been observed for cop- 
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Fig. 2 Dissolved zinc in rivers of the Ohio Valley. Area of the 

triangle is proportional to the mean flow of the tributary. These 

tributaries account for about three-quarters of the mean flow of 

the Ohio River. Northern tributaries are to the left: southern 
tributaries are to the right. 


concentrations in several rock types”: granite, 52 p.p.m.; shale, 
120 p.p.m.; linestone, 20 p.p.m.; basalt, 100 p.p.m. Although 
acidic rivers have zinc/TDS ratios similar to rock concentrations, 
alkaline rivers are markedly depleted in dissolved zinc. This. 
suggests that the zinc/ pH relationship may be chemical in nature. 
rather than being related to source rock concentrations. Further. | 
evidence of a chemical relationship was found in an experiment — 
in which the pH of aliquots of unfiltered Mississippi River water 
was adjusted with small amounts of clean acid or base. The 
resulting dissolved zinc/pH curve, shown in Fig. 1c, is similar 


metal oxide surfaces® , though some dissolution of surface coat- 
ings may also be occurring. A similar experiment in which an — 
aliquot of unfiltered river water was adjusted to pH 3, allowed 
to equilibrate and then readjusted to an alkaline pH (open circle, z 





experiment; in which aliquots of unfiltered Mississippi River 
water were spiked with small quantities of dissolved. zinc, 














per | of solution)). This coefficient indicates that the Mississippi ee 


Close inspection of the Amazon Basin data confirms the , 
importance. of adsorption in controlling fluvial zinc concentra- 





per’. The discrepancy in this case results primarily from the Rio 
Negr, an ı acidic tributary with low suspended load that con- 
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July 1976 7,50 1.2 
July 1976 6.70 2.6, 4.0? 
July 1976 6.45 6.9, 10.6? 
June 1976 5.99 7.6, 127 
June 1976 6.07 17, 19 
June 1976 6.80 3.2, 5.357 
oe Ja June [976 6.52 4.3, 4.3 
rea Tefé (Tefé) June 1976 6.08 16 
«os Solimões (Laranjai) June 1976 6.93 2.8 
oo Coari (Coari) June 1976 6.48 11,12 
~ Purus June 1976 6.39 8.1, 8.4 
© Negro (Manaus) June 1976 5.36 10,4, 10.6 
Madeira June 1976 6.70 3.9, 4.4 
 Trombetas (Oriximina) June 1976 6.50 6.1, 6.4 
Tapajós June 1976 6.91 2.8 
Kingu June 1976 TA 3.9 
> Amazon (Mouth at high flow) June 1976 6,7 3.8 
, on [Monita at dow w flow) December 1982 7.45 0.3, 0.3 
June 1982 6.0 3.7 
s June 1982 4.3 5.0 
“Ainirida June 1982 5.2 27 
Guaviare June 1982 6.6 2.6 
Meta June 1982 6.7 0.9 
Apure June 1982 7.6 0.3 
Caura June 1982 6.3 41,45 
Orinoco (Puerto Ordaz} June 1982 7.2 2.0 
Caroni June 1982 5.8 5.0 
Yangtze River (Chiang Jiang) 
Yangtze (Mouth at high flow) June 1980 8.1 0.6, 1.0 
Yangtze (Mouth at low flow) November 1981 1.2, 1.2 





tributes ~25% of the Amazon’s flow’”’. In the flow-weighted 
sum, the Rio Negro furnishes ~40% of the total zinc. However, 
when the waters of the Rio Negro mix with the more alkaline 
and suspended sediment rich main channel waters, much of the 
zinc contributed by the Rio Negro must be removed from 
solution by adsorption. Other factors may also be important in 
determining the dissolved/adsorbed distribution of zinc in 
rivers, including organic matter concentrations and the phys- 
ical/chemical makeup of the suspended load. Our observations 
also indicate that alkaline rivers have low dissolved zinc because 
they have higher suspended loads than acidic rivers. 

That samples from different rivers fit into a consistent and 
interpretable pattern is evidence for the validity of this data set. 
However, some rivers have been found to have zinc concentra- 
tions higher than expected from Fig. 1 (Table 2). As sampling 
methods were the same for these rivers and replicate samples 
were generally in agreement, we believe that the high concentra- 
tions did not result from contamination through improper 
sample handling. Examination of dissolved zinc concentrations 
in the Ohio River and its tributaries (Fig. 2) does, however, 


reveal some interesting trends. Zinc in the main. channel of the 


Ohio has its highest concentration upstream and lowest. down- 


stream. This is reasonable because the two furthest upstream — 
tributaries have very high zinc concentrations whereas the largest. 


downstream tributaries have low dissolved zinc. Additionally, 
note that most of the tributaries to the south of the main channel 


have dissolved zinc concentrations <6 nmol kg™' whereas most _ 
of the northern tributaries are >6 nmol kg™'. As the states to. - 
the north of the Ohio River (Ohio and Indiana) have twice the — 
population density of the states to the south (West Virginia, 
Kentucky and Tennessee)’®, it seems plausible that this pattern. 
of higher than expected zinc concentrations results from the. 
addition of zinc from anthropogenic sources. The Whitewater, 
which has the lowest zinc of the northern tributaries, is also the | 
only northern tributary without a major population centre in its- 











ae basin. Tributaries with dissolved zinc concentrations >10 nmol 








| dissolved ; zinc: 
concentration of 
; major rivers in” 


-rivers suggests ; a dissolv d 


the runoff from 


: although Eupen rivers may have a 


kg"! include the Allegheny and Monongahela, which receive 
ntributions from the Pittsburgh metropolitan area and the 
coal mining regions of western Pennsylvania, and the three small 


opulation centres. of south-central Ohio inputs E increase ethe dissolved flux: Bui naeve by less 


Ohio Valley 
Allegheny (Pittsburgh, May 1984 6.86 
Pennsylvania) . 


Morons Tea a < o May 1984 7.22 









f May 1984 7.66 

Kanawha (Winfield West- May 1984 7.4 

Virginia) 5 E 
Big Sandy (Lovisa; Kentucky) . May 1984 ve 5 
Ohio (Greenup Dam) = -= May 1984 TAZ = 
Sciatto (Portsmouth, Ohio) o May 1984 7.87 
Little Miami (Milford; Ohio) _ May 1984 8.4 
Licking. {Alexandri Kentucky) May 1984 7.63 


Great Miami (Ch 





I 
, Ohio) May 1984 80 = 6 

















Whitewater (Elizabe thtown, = May 1984 7.95 
Ohio) 2 E p5 

Ohio (Warsaw, Kentucky) May 1984 ce, o 

Kentucky (Lockport, Kentucky). May 1984 V8 

Ohio {Cannelton: Dam) May 1984 7.27 

Green (Beach Grove, Kentucky). May 1984: 7.32 

Wabash (New. Harmony, May 1984 8.1 
Indiana) 

Cumberland (Barkley: Dam) May 1984 7.44 

Tennessee (Kentucky Dam) May 1984 7.40 

Ohio (Mound City, Hlinois) May 1984 7.49 

Mississippi River. 

Mississippi (Cape Girardeau, May 1984 7.70 
Missouri} i 

Mississippi (Baton Rouge, September 1983 8.1 
Louisiana) l 

Mississippi (Baton Rouge, April 1984 TN 
Louisiana) 

Atchafalaya (Krotz Springs, April 1984 7.6 
Louisiana} 

Other US rivers 

Connecticut (Old Saybrook, April 1983 7.4 
Connecticut} 

Mullica August 1983 5.81 

Merrimack (West Newbury, February 1983 6.73 
Massachusetts) < 

Vermilion (Lafayette, April 1984 7A 
Louisiana) 

Delaware. (West Trenton, New April 1984 7.38 
Jersey) 

Delaware (Philadelphia, April 1984 7.05 
Pennsylvania). . 

Schuylkill (Phildadelphia, April 1984 7.5% 
Pennsylvania}: 

Susquehanna (Holtwood, April 1984 7.54 
Pennsylvania) 3 

Potomac (Great Falls, = April 1984 7.75 
Mne p3 


(Sciotto-Columbus; Little Miami-eastern Cincinnati: 
Miami-Dayton). E 

This survey of zinc in rivers allows the estimation of the 
o the oceans. The average river bica 
50 pM (ref. 1) indicates an alkaline ; 
ble 1 which discharge directly into the 
ie flow-weighted concentration of these 
rinc concentration from natura 
ces of ~3nmol kg”! ‘for the world average. Anthrop 
contributions are difficult to assess. If we assume thai 
th America and Europe (~10% of th 
ed by ropo sources, then see 











are all alkaline. 
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a factor of two. In heavily polluted estuaries, zinc removal has 
occasionally been observed'™™, From this information we esti- 
mate the present-day fluvial dissolved zinc flux to be 2+1 x 10° 
mol yr`'. 
_ These river data suggest an oceanic residence time for dis- 
olved zinc of ~50,000 yr. This is calculated from the pre- 
hropogenic river concentration with a 50% estuarine increase 
d assuming a deep ocean zinc concentration of 6 nmol kg~' 
(ref. 14). The residence time will be shorter if other natural 
so $s of zinc to the ocean—including atmospheric and hydro- 
thermal inputs and diagenetic release of zinc from coastal sedi- 
ments—are of importance. 
_ The results presented here demonstrate that levels of dissolved 
zinc in rivers are lower than was previously recognized. Addi- 
tionally, dissolved zinc concentrations are dependent on pH. 
This suggests that acidification of natural waters by acid rain, 
mine drainage, or waste disposal may result in greatly increased 
levels of dissolved zinc. 
We thank P. N. Froelich for collecting the Ohio Valley 
mples, J. M. Edmond for Orinoco and Yangtze samples, L. 
H. Chan for aid on the Mississippi River, and S. D. Chapnick 
and E. J. Callahan for help in the laboratory. Support for this 
work was provided by the NSF through a postdoctoral fellow- 
Ship (A.M.S.) and research grant OCE81-17929 (E.B.). 
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Explosive volcanic eruptions can follow long cycles of activity’, 
nd the material that they inject into the atmosphere may affect 
he climate’. We report here the discovery of ultrathin micrometre- 
sized glass shards from such eruptions, extracted from both ancient 
Antarctic ices and recent snow samples from Greenland, in which 
have been well preserved by ‘deep freezing’. When such shards 

ave been preselected using a high-voltage electron microscope, 
microanalysis of their eight major constituent elements gives new 
clues about the origin of major volcanic acid fallout previously 
letected in the cores (including important characteristics of their 
parent eruptions), and reveals complex volcanic ash layers that 
could reflect periods of world-wide enhanced volcanicity. Moreover, 
the very small Reynolds numbers of the micrometre-sized shards 
make them promising tracers of dust transport processes in the 
! it atmosphere. 
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Fig. 1 Transmission micrographs (scale bar, 2.5 um) taken by C. 
Jouret with the HVEM, that runs at 2-3 millions volts. These 
micrographs illustrate both the ultrathin texture of the glass shards 
found in polar ice and snow, and the holey electron microscope 
membranes, directly used for filtering melted ice in the ultra-clean 
facilities at Grenoble (see the tiny holes of the membranes in the 
upper and lower micrographs). a, A grain from the Tambora acid 
ice level in Antarctica; the clear image of the membrane holes 
through this grain reflects its ultrathin (~2,000 A-thick) and 
homogeneous texture. b, A ~4,000-A thick and curved flake (see 
the thin cross-section under the white arrow) from the El Chichén 
fallout in recent Greenland snow. c, A shard extracted from the 
~6,000-yr old volcanic layer in the Dome-C core in Antarctica, 
containing three distinct populations of glasses; this type of 
inhomogeneous grain which is coated with a spectacular ‘micro- 
grained’ deposit composed of insoluble crystals as indicated by 
the white arrow, was not retained for accurate chemical analyses. 


Volcanic fallout of sulphuric acid has now been detected in 
both Arctic? and Antarctic*’ ice cores through measurement of 
peaks in the ice acidity. These measurements, as pioneered by 
Hammer’, yield accurate depths of major volcanic layers along 
a core, but they cannot be used to infer characteristics of their 
parent eruptions. Thus there have been a few attempts to iden- 
tify, in these acid fallout layers, tephras from non-Antarctic 
explosive eruptions™”, but these analyses, are not conclusive, 
and Kyle et al." who undertook microanalyses of grains extracted 
from Antarctic cores, stated that ‘to date only tephras from 
Antarctic volcanos have been identified’. 

We have collected micrometre-sized glass shards from distant 
volcanic eruptions in ice cores and snow samples found in 
central regions of Antarctica and Greenland, respectively. For 
this work, we first fabricated a new type of holey electron 
microscope membrane, composed of a ~200-A thick carbon 
replica of a Nuclepore filter, with an optimum pore diameter 





















pre a ane ar aaa 





Table 1 Analyses of micrometre-sized volcanic glass shards 







































El Chichón Taupo Tambora 

Oxides Tephra Glass Strato Snow Tephra Ice Tephra Ice - 

SiO, 70.02 (0.57) 69.44 (1.12) 69.44 (1.30) 69.17 (0.50) 76.15 (0.66) 66.54 (1.51) 57.85 (081) 5945 (f 
TIO, 0.30 (0.06) 0.30 (0.10) 0.34 (0.08) 0.38 (0.19) 0.32 (0.12) 0.64 (0.14) 0.56 (0.05) 066 (0 

. Al,O, 17.25 (0.40) 17.58 (0.46) 17.87 (0.56) 17.13 (0.23) 13.39 (0.30) 15.77 | (0.50) 19.92 (0.23) 16.42 
FeOQ* 1.25 (0.18) 1.41 (0.28) 1.40 (0.37) 1.89 (0.82) 1.84 (0.29) 6.27 (0.97) 4.08 (0.52) 8.99 
MgO 0.14 (0.09) 0.36 (0.20) 0.35 (0.13) 0.38 (0.13) 0.17 (0.07) 1.51 (0.21) 1.51 (0.19) 2.82 
CaO 1.89 (0.18) 1.83 (0.26) 1.89 (0.28) 1.80 (0.23) 1.51 (0.13) 445 (0.36) 3.15 (0.25) 3,43 
Na,O 4.00 (0.28) 4.08 (0.87) 3.90 (0.81) 4.48 (0.67) 3.67 (0.48) 3.96 (0.92) 6.80 (0.48) 4.14 o 
K-O 5.09 (0.23) 4.97 (0.55) 4.72 (0,38) 4.75 (0.34) 2.93 (0.20) 0.82 (0.09) 6.10 (0.18) 2.04 — 
t 31 19 15 6 u 24 n O B 





“Greenland (column 5), and in which we discovered a short-lived glass fallout from this eruption occurring as early as June 1982. Sampl 
other volcanic fallout include: tephras from the 186 Taupo eruption (column 6) and grains from the Taupo ice section in the Dome-C core (colu 
7); tephras from the 1,815 Tambora eruption (column 8) and grains from the Tambora ice section (column 9) in the Dome-C core. The u 
“chemical microanalysis of these micrometre-sized glasses requires their careful preselection with a HVEM. A simple SEM+ EDAX observat 
= not sufficient: First, the observation with the SEM of a shard surface morphology, typical of glass, can be completely misleading. Indeed the 
of crushed grains from both crystalline minerals and organic material with imperfect cleavages frequently exhibits a shard morphology; Seco 
inclusions within the grains and/or secondary particles easily collected underneath them during the filtration of melted ice on a Nuclepore 

(which will be subsequently analysed with the EDAX system if the shards are thin enough) cannot be detected during a SEM observation, to Teje 


such chemically inhomogeneous aggregates for the EDAX analysis. 
* All Fe calculated as FeO. 
+ Number of analysis in mean. 


of ~0.4 um (see the holes in Fig. 1a). These membranes were 
fixed on numbered gold grids and then laid on top of a Nuclepore 
filter to filter directly ~50 g of melted ice. The grains were next 
coated with a 200-A thick carbon film, thus being firmly encapsu- 
lated into a carbon microcrucible ‘drilled’ with 0.4-m holes on 
one side. This procedure markedly reduced both grain losses 
and beam degradation effects during analysis. 

Strict criteria are necessary for identifying and selecting 
appropriate volcanic glasses with sizes of a few micrometres. 
Previous attempts to identify such tiny glasses by relying only 
on a scanning electron microscope (SEM) equipped with an 

X-ray energy dispersive spectrometer (EDAX system) were 
unreliable (see Table 1). We first used a high-voltage trans- 
mission electron microscope (HVEM), to select truly amorphous 
grains with an homogeneous structure free of inclusions and/or 
secondary particles accreted on both the top and bottom surfaces 
of the grains. Only such preselected areas of a grain can be 
usefully analysed with the SEM + EDAX system. We could thus 
identify real glasses exhibiting the characteristic spectra of eight 
major constituent elements (Si, Ti, Al, Fe, Mg, Ca, Na and K) 
expected in volcanic glasses, and reject up to 80% of amorphous 

_ grains of organic and/or biogenic origin. 

We analysed 30 distinct sections of three ice cores, drilled at 
the Dome C station in central Antarctica over the period 1978-80 
(ref.8), with only two sections found at depths of ~12 and 

104 m showing strong acidity peaks. These are attributed on the 
basis of a ~5% accurate dating of the cores, respectively to the 
1,815 Tambora and the 186 Taupo cataclysmic eruptions. We 
also analysed 18 successive sections of a 1-m thick slab of recent 
snow, collected by C. Hammer at the Dye 3 station in central 
Greenland in June 1983, and in which we searched for the 
micrometre-sized glasses of the 1,982 El Chichón eruption. 

Our preliminary results can be summarized as follows: 

(1) Discovery of micrometre-sized volcanic glasses in the Dome- 
C cores. The background concentration of glassy grains in 27 
Antarctic ice sections with a normal acidity is very small (<0.2% 
of the total number of grains). But in the two sections showing 
strong acidity peaks, the proportion of glassy grains increased 
by a factor of >50 above the background values. We also found 
a high concentration of glass in a ~6,000-yr-old ice section for 


_ which no acidity measurement was available, but in which A. 


-: Gaudichet (personal communication) found a few glassy grains 
during a mineralogical investigation. This last observation sug- 


Concentration (in wt% ) of eight major oxides in micrometre-sized volcanic glass shards extracted from different samples. In each colum: 
give the mean and s.e.m. of the chemical analyses. Samples from the El Chichón eruption include: pumice and dust grains with sizes of ~ 1€ 
(column 2) as well as microglasses with sizes of ~10 wm (column 3) collected near the volcano; stratospheric dust grains (column 4) colle 
the B-57 aircraft of NASA in May 1982 just after the eruption; dust grains extracted from snow samples collected at the Dye 3 station in 































































gests that the micrometre-sized glasses could delineate vol 
fallout undetectable by other means, as a consequence of a | 
gas-to-dust ratio during the parent eruption. ae 
(2) The ultrathin texture of the glass shards. Most of the px 
glasses, such as those reported in Fig. 1, are ultrathin sha 
with thicknesses of ~0.5 pm. This was first shown by B. Do: 
who shot a microbeam of ~5 MeV a-particles at one gla 
grain preselected by us, and showing a large apparent size o! 
~10 um. The Rutherford back-scattering spectra of the inci 
ions clearly showed the characteristic peak expected for a v 
thin target (<1 jm thick). This ‘lamella’ structure was sw 
sequently observed for even smaller grains with an improv: 
tilting stage of the HVEM, that allows visualization of the th 
edges of the grains (see Fig. 1b). From these favourable ‘aeroc 
namical’ shapes J. Taillet computed very small Reynolds ni 
bers (<1) for the micrometre-sized shards. Consequently, 
Stokes formulae developed for laminar flow (see ref.9) 
applicable for evaluating all their aerodynamical parameter 
the atmosphere. Such glass shards should thus be reliable tra 
of the motion of air masses in the ancient atmosphere, gi 
a new mode of investigating them. Me dae 
(3) Search for possible chemical differentiation of vol 
glasses deposited in polar ices and snows. It is importa 
know whether the micrometre-sized polar glasses sho 
unexpected chemical differentiation compared with o1 
tephras collected near their parent eruptions. In T 
(columns 2-5) we summarize a few results indicating t 
micrometre-sized glasses from the cataclysmic 1,982 EIC 
eruption, found in recent snow samples from Greenlai 
not show any measurable fractionation with respect to th 
glasses, collected either in various types of tephras (su 
pumice, dust) or in the stratosphere. 

(4) Chemical composition and origin of polar glass fallou 
chemical compositions of the various products ejected thi 
time in a given volcanic zone are quite variable. Howev 
are located within diagrams of geochemical evolution (see Fi 
which are typical of a given volcanic region. Such dia 
have already been documented for both the Taupo"? and 
Tambora’! volcanic zones. We analysed micrometre. 
glasses extracted either from the Taupo and the Tambora 
levels, or from dust samples of their postulated parent erupt 
(see Table 1). We observed that the glasses found in both 
levels fell far outside the corresponding geochemical diagran 
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g- 2 Peccerillo and Taylor diagram”, giving the relationship 
tween 510, and K,O contents for ordinary products of the Taupo 
icanic zone. The shadowed area corresponds to 256 distinct 
analyses of whole rock samples quoted by Cole!®. @, and A, refer 
fo our own microanalysis of ‘clean-and-homogeneous’ micrometre- 
sized glasses extracted either from dust samples of the 186 eruption, 
or from the Taupo acid level in the Antarctic core, respectively 
(O, and A, give the mean value of the corresponding analyses). 
e inset represents a reduction of this plot to display the localiz- 
ation of the four volcanic series associated with subduction volcan- 
ism. These series are delineated by the three typological boundaries 


ines. defined by Peccerillo and Taylor, namely shoshonitic (1), 
high-K-calc-alkaline (2), calc-alkaline (3) and tholeiitic (4) (on 
he main diagram only lines (2) and (3) have been reported). For 
hese analyses we had to learn both to minimize alkali losses during 
he HVEM and the SEM/EDAX analysis, and to take into con- 
ideration the very poorly defined ‘shape factors’ of the micrometre- 
ized grains, which complicate the chemical interpretation of the 
X-ray spectra'*. For this purpose, we use a series of reference 
glasses with SiO, contents roughly similar to those of the micro- 
metre-sized volcanic shards. We then compare the composition of 
the eight major elements for both a thick polished section and 
micrometre-sized crushed shards from a given chunk of reference 
lass, by measuring the mean value as well as the variance of the 
nalyses, We first noted that in normal operating conditions of the 
DAX system, the thick sample yielded a maximum count rate 
1,200s"', whereas the values measured for the shards could 
lecrease to the X-ray background values (~150s~'). The mean 
ues of the compositions were similar for both types of samples, 
en the count rate of the micrometre-sized grains was 2300s”! 
is corresponds to a ‘minimum’ thickness of a few thousand A), 
a much higher variance for the analysis was deduced for the 
ards (see numbers. within parentheses in Table 1). However, it 
s possible to improve this variance markedly by searching for 
optimum orientation of the shards which are rather ‘flat’ with 
rd to the X-ray detector, and this was obtained when the 
nd spectra of both types of samples were similar. (See 


refs 12, 15 for details of calibration experiments.) 
























early illustrated for the Taupo eruption in Fig. 2. We 
om this that the glass compositions measured for these 
fic layers, cannot derive from the postulated eruptions. 
nnot originate either from local Antarctic eruptions. 
sd, these peculiar polar glass compositions (andesitic and 
© poor in potassium, respectively) are both typical of a 
ction volcanism. They are also very different from the 
rich compositions found for volcanic products from 
ption Island. As discussed elsewhere’? both constraints 
ude a local Antarctic origin for these two glass fall-out: they 
d then constitute the first report ever made for the deposi- 
n central Antarctica of tephras of distant (=6,000 km) 
ive eruptions, | 
emical composition and multipurpose ‘stratigraphical’ 
ers. So far, the frequency distribution of the SiO; concentra- 
measured in individual micrometre-sized glass shards from 
n ice section constitutes a highly specific signature of the 






















































"parent volcanic fall-out, which could then be used as a good — 





stratigraphical marker, to establish, for example, the occurrence 


of a given volcanic fallout at distant drilling sites. This should 
help us first in obtaining valuable ‘relative’ datings which could 
be used to severely constrain ice flow models, thus improving 
the dates inferred from them. One could also identify the most 
violent ancient cataclysmic eruptions which have affected all of 
the Earth by searching for their glass fallout ih central regions 
of both Greenland and Antarctica. Moreover they give a new 
index of ‘multiplicity’ of sources for a given volcanic fallout. 
For example, the Tambora and the Taupo ice levels each yield 
a single peak distribution on the SiO, frequency plot indicative 
of a single parent eruption. In contrast the ~6,000-yr-old level 
reveals three distinct peaks, associated with very different 
families of glass compositions, which could reflect a rapid suc- 
cession of eruptions from distant volcanos, which could, in turn, 
be more effective for triggering climate variations than a single 
eruption. 

Our preliminary results indicate that the well preserved ultra- 
thin shards of micrometre-sized volcanic glass found in polar 
ices and snows are promising tracers for investigating a range 
of topics, such as the past activity of explosive volcanic eruptions 
and, possibly, changes in dust transport processes effective in 
the ancient terrestrial atmosphere. We stress that these studies 
require the careful preselection of the glass shards with an 
HVEM before analysing them with a SEM/EDAX system. 
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B. Doyle for RBS runs at Sandia National Laboratories, R. 
Brousse, R. Delmas, A. Godichet, C. Hammer, C. Lorius, J. 
Taillet and J. Treuil for support and interest. This work was 
supported by grants of Institut National d’Astronomie et de 
Geophysique (INAG) and PIREN. 
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An understanding of the nature and origin of porosity in sandstones — 
is crucial to the evaluation of their potential as hydrocarbon 
reservoirs. Primary porosity is normally destroyed by cementation, 
compaction and pressure solution during burial, but it has recently 
been recognized that significant secondary porosity can develop at 
depth’. This discovery has been called “the most significant 
advance in the study of clastic diagenesis in the past decade’. 
Several genetic types of secondary porosity have been identified ; 
these include porosity formed by: (1) fracturing; (2) shrinkage; 
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(3) dissolution of sedimentary grains and matrix; (4) dissolution 
of authigenic cements; and (5) dissolution of authigenic replacive 
minerals’. Formation of secondary porosity by framework grain 
dissolution has been thought mainly to involve decomposition of 
feldspars and lithic grains’. We demonstrate here that significant 
secondary porosity can also develop by dissolution of quartz 
framework grains if the rocks are exposed to alkaline pore fluids 
during deep burial and/or uplift. 

Rotliegend gas-bearing aeolian sandstones in the Southern 
Permian Basin of the North Sea consist largely of quartz (>65% ) 
with varying amounts of feldspars, lithic grains and authigenic 
cements. In parts of the basin where the sandstones have been 
buried to a depth of <3 km, feldspars, or their kaolinized 
remains, are relatively common, but where the rocks have been 
more deeply buried feldspars are virtually absent and kaolinite 
has largely been replaced by illite*"'®. Authigenic illite cement 
' is well-developed throughout. Many parts of the Rotliegend 
aeolian sequence are also cemented to varying degrees by ferroan 
dolomite, ankerite, siderite, anhydrite, baryte and halite. 

We have recently examined several Upper Rotliegend aeolian 
dune sandstones from the southern North Sea using back- 
scattered scanning electron microscopy and energy-dispersive 
X-ray microanalysis. The samples described were collected from 
present burial depths >3.5 km, but it is likely that the maximum 
burial depth exceeded 4.2 km before the onset of uplift during 
the late Cretaceous’. The nature of the carbonate and evaporite 
cements in these rocks will be described in detail elsewhere'’. 
We point out here that significant secondary porosity can result 
from dissolution of quartz framework grains during burial 
diagenesis. 

Over-sized pores are visible optically in thin sections of the 
sandstones studied. Shape and textural criteria suggest that some 
owe their origin to dissolution of early cements which partly 
replaced detrital constituents'', but several lines of evidence 
indicate that many mouldic pores formed as a result of quartz 
framework grain dissolution during late diagenesis. First, all 
stages in the dissolution of quartz grains can be observed. In 
the early stages small (1-5 jm), irregularly-shaped voids appear 
within quartz grains (such as grain B in Fig. 1). These gradually 
coalesce to form larger voids and detached quartz relicts (such 
as grain A in Fig. 1). In the later stages of dissolution the grain 
is reduced to a ragged, highly porous aggregate. Finally, a mould 
is produced (Fig. 2). In some cases, the moulds have sub- 
sequently been partly infilled by authigenic illite and quartz. 
Second, the mouldic pores are surrounded by pellicules of 
authigenic illite similar to that found around the remaining 
quartz framework grains. Formation of the mouldic pores, there- 
fore, post-dates this phase of illite formation (indicated by other 
textural evidence to be relatively early diagenetic''). Third, most 
of the mouldic pores have not been destroyed or deformed by 
compaction, suggesting that they were formed during, or later 
than, the period of maximum burial. Fourth, mouldic pores are 
sometimes surrounded, but rarely infilled, by late diagenetic 
ferroan carbonate and/or evaporite cements. Small amounts of 
baryte, anhydrite and halite occasionally occur within the secon- 
dary mouldic pores, but generally only very late-stage illite and 
authigenic quartz are found. These textural relationships suggest 
that the main phase of quartz framework grain dissolution 
occurred during and shortly after precipitation of the ferroan 
dolomite, siderite and evaporite cements, around the time of 
maximum burial. 


Some quartz grain types in the Rotliegend are evidently more 
susceptible to solution than others. Polycrystalline quartz, 
strained monocrystalline quartz, and grains containing a large 
number of inclusions or microcracks are generally more affected 
than unstrained monocrystalline quartz grains. Authigenic 
quartz overgrowths seem to be unaffected. These observations 
are consistent with previous findings concerning the relative 
stabilities of different quartz types'~'’ and the importance of 
microfractures in controlling chemical alteration of quartz'*"’. 

Laboratory experiments'® have shown that the solubility of 
quartz is low (6 p.p.m., parts per 10°) at a pH of <8 and 25 °C, 
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Fig.1 Back-scattered scanning electron micrograph of a polished 
section of Rotliegend aeolian dune sandstone, showing the early 
stages of quartz framework grain dissolution (grains A and B). 
Also shown are anhydrite (1) and illite (2) pore filling cements. 
Pore-lining illite forms a rim on detrital quartz grains. Scale bar, 





Fig. 2 Back-scattered scanning electron micrograph showing a 

more advanced stage of quartz framework grain dissolution. The 

outlines of the secondary mouldic pores are preserved by 

authigenic illite which has resisted dissolution. Grain B is baryte. 
Scale bar, 200 um. 
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but rises rapidly in the pH range 8.5-10. The solubility also — 


increases markedly with temperature, reaching ~70 p.p.m. at 


100°C and 300p.p.m. at 200°C (ref. 17). We conclude that 


quartz framework grain dissolution in the Rotliegend rocks 
studied took place in warm, reducing, alkaline pore fluid condi- 


tions. These pore fluids were also responsible for precipitation — 


of late-stage ferroan carbonate and evaporite cements. The 
greater abundance of such cements close to faults, which acted 
as conduits for fluid flow, suggests that the Rotliegend sand- 
stones may have been invaded by warm alkaline brines derived 
from juxtaposed Zechstein sediments at the onset of uplift in 
the Cretaceous””. However, Fuchtbauer'® has shown that a time 
sequence of cements characterized by increasing solubility is 
commonly developed in sandstones, reflecting increasing ionic 


strength of the interstitial waters due to intrinsic diagenetic _ 


processes. The possibility that significant secondary porosity 

due to quartz framework grain dissolution exists in other deeply 

buried sandstones which contain evaporite cements, or which 

are associated with bedded evaporites, warrants investigation, 
This is Cambridge Earth Sciences contribution ES576. 
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study of the great earthquake in Oaxaca, Mexico, on 15 January 
131 shows that it was a normal fault earthquake striking east- 
pst - The lack of evidence of surface faulting near the source 
egion’ and the focal depth of ~40 km inferred from body-wave 
modelling suggest that the earthquake occurred within the subduc- 
fed slab. The large size of the earthquake (M,=8.0) strongly 
uggests that the rupture broke through the entire lithosphere of 
the subducted Cocos plate. Other large, normal fault earthquakes 
the Japanese”, Aleutian’, Peruvian and Sumba* arcs show 
ithospheric faulting seawards of the trench or very close to it. 
he 1931 event, however, occurred farther down-dip in the slab 
~150 km landward of the trench), below the bottom of what 
appears to be the seismogenic plate interface. We speculate here 
hat large, although infrequent, normal fault earthquakes such as 
fhe 1931 Oaxaca earthquake may have a role in decoupling at 
depth the subducted slab from the upper part of the slab and 
perhaps from the overriding Mexican continental plate. The epi- 
ntral location of the 1858 Michoacan earthquake® (M, = 7.5) 
ggests that it may represent another example of lithospheric 
na “faulting in the Middle American arc. Such earthquakes, 
which the periods of recurrence are unknown, constitute an 
emely high seismic risk to population centres of Mexico. 
arge (M= 7.0) shallow earthquakes that have occurred 
ong the Mexican subduction zone since the installation of the 
Id- Wide Standard Seismograph Network (WWSSN) in 1962 





en have keen well studied. These earthquakes are ne events 





occurring on a shallow dipping plane to the north-east (10-15°), 
and represent the relative motion between the subducting Cocos 
plate and the overriding North American plate (Fig. 1). Because 
all recent large shallow earthquakes are thrust type, it has been 
assumed that all shallow earthquakes along and near the Pacific 
coast of Mexico have a similar focal mechanism®'*. The fault 
plane solution of the 1931 Oaxaca earthquake, however, shows 
that it had a normal fault mechanism (Fig. 2). 

The polarity of the first motions of the 1931 Oaxaca event 
were verified by comparing them with those of six large shallow 
thrust earthquakes (M,27.4) of that time period, four along 
the coast of Oaxaca in 1928'?-'5 and the Jalisco earthquakes in 
1932 (ref. 13). Of the seismograms available to us, those from 
De Bilt and La Paz (both Galitzin- Wilip seismographs) could 
be used for synthetic P-wave modelling'*. Three point sources 
at depths of 40, 25 and 25km were used to fit the observed 
seismograms (Fig. 3). Although it is not possible to determine 
in detail the geometry and the rupture process of the fault with 
only two stations, the experiment of synthesizing P waves shows 
the earthquake may be modelled as a normal fault with a focal 
depth of ~30-40 km. This depth is in good agreement with those 
of other smaller, normal-faulting events in Oaxaca and Guerrero 
(G.S., in preparation). 

The various epicentral locations given for this event! 
show that the 1931 earthquake occurred farther inland than the 
other large events. Unlike these thrust earthquakes, the 1931 
Oaxaca event devastated the city and the valley of Oaxaca and 
caused numerous landslides’ ; little damage, however, was repor- 
ted along the coast and no tsunami was observed". The epi- 
centre! » Shown i in Fig. 1 is in better agreement with the damage 
reports’? and is supported by S-P travel times of aftershocks 
recorded in Veracruz and Tacubaya (Mexico City), which show 
an east-west trend at about the latitude of this epicentre (F. 
Núnez-Cornú and L. Ponce, personal communications). 

The field report of the earthquake’ found no evidence for 
surface breakage. Furthermore, geologists now working in the 
area report no recent faulting (F. Ortega, personal communica- 
tion). At a depth of 30 or 40km, obtained from the P-wave 
modelling, the 1931 earthquake would lie beneath the plate 
contact inferred from the location of the shallow-thrust 
earthquake of 1978 and its aftershocks”°*?, and beneath the 
Mohorovicic discontinuity observed in a recent refraction 
experiment (C. Valdes et al, in preparation) (Fig. 4). We take 
this evidence to- suggest that the rupture during the 1931 event 


occurred within the subducted slab and not in the overriding 


plate. 
The total seismic moment released estimated from the P waves 


‘is 2.3 x10?” dyn em and the scalar moment calculated from the 


Rayleigh waves recorded at De Bilt is 5x10” dyncm. An 





Fig. 1 Location map showing the | 
epicentre of the 1931 earthquake (@ - 
). Aftershock areas of recent large 
shallow thrust earthquakes are 
shown cross-hatched. The stippled 
band (~80 km wide) is the maximum 
extent of strong coupling between the 
subducting Cocos plate and the over- ` 
riding continent. @, Recent vol- 
canoes; O, epicentres of other nor- 
mal fault earthquakes with body- 
wave magnitude 26.0. A. section 
along AA’ is shown in Fig.4. 
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Fig. 2 First notion data of the 1931 earthquake on an equal-area 

_ lower-hemisphere projection. Dilatational (O) and compressional 

oont {@) first motions are shown. Unlabelled stations are from the 
Mexican Seismic Network. Other stations are: DBN, De Bilt; LPB, 
© La Paz; UPP, Uppsala; COP, Copenhagen: STB, Strasbourg. 





: earthquake of this magnitude would rupture an area” of 
~7,000km?. Assuming an aspect ratio of the fault 
(width/length) of 0.7, the width of the fault would be ~70 km. 
For a relatively young slab, such as the Cocos plate, this would 
mean the 1931 Oaxaca earthquake broke almost entirely through 
the subducted plate, decoupling it from the upper part of the 
slab and perhaps from the overriding continental plate. 

The 1931 Oaxaca earthquake was preceded by four large 
thrust earthquakes (M, = 7.4) along the coast of Oaxaca in 1928 
(refs 13-15). The question arises of whether there is a causal 
relationship between the 1928 sequence of large thrust 
earthquakes along the coast of Oaxaca and the 1931 normal 
fault earthquake. In general, normal fault earthquakes of this 
size have not been observed to follow great thrust events. 
Nevertheless, the 1970 Peruvian earthquake, the other great 
‘normal faulting event to have occurred landward of the trench’, 
took place in spatial and temporal proximity to the thrust event 
of 1966. Intuitively, one would expect that the tensional stresses 
in the slab, near and below the plate interface broken by a recent 
thrust event, would be reduced by the relative plate motion on 
the fault. On the other hand, the gravitational pull exerted 
seawards of the broken plate contact by the sinking lithosphere 
may cause large-scale extensional stresses within the plate. Abe? 
suggests this mechanism to explain the lithospheric normal 
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Fig. 3 Observed aoe trace) and synthetic ‘dows trace, 
mograms at De Bilt (DBN) and La Paz (LPB). Both DB 
LPB are Galitzin-Wilip: seismographs (natural period. of 

: mometer and galvanometer ~ 12s). The largest downswing o 
seismogram is clipped. Synthetics were generated with the foc 
mechanism. shown in Fig.2 and required three point sou 
(depths 40, 25 and 25 km). The width of the trapezoidal sour 
time functions for each source are 2, 5 and 7 s. The seismic mom 
(M,) and the time delays of the sources are indicated. 


























faulting event that followed the great 1965 Aleutian earthqu: 
In the case of the Oaxaca earthquakes, it is difficult to esta 
a causal relationship between the thrust and normal fault 
events given that the 1931 event occurred down-dip o the 
recently ruptured megathrust. : 

The focal depths of inter-plate events in this area are 
sistently shallower than 20 km (refs 9, 10, 24), and the rupt 
areas of large earthquakes defined by aftershock studies sh 
that in all cases the down-dip width of the seismogenic me 
thrust is <80 km (Fig. 1). Even for the largest Middle-Ameri 
earthquake this century, the Jalisco-Colima earthquake o 
June 1932 (ref. 6), the down-dip fault width does not ex 
that value (S.K.S. and L. Ponce, in preparation). It is possi 
that beyond this zone of strong seismogenic contact the subd 
ted Cocos plate is decoupled from the overriding conti 
plate. Perhaps this decoupling is achieved by the bre 
the subducted slab through large, albeit infrequent, no 
earthquakes (Fig. 1). This decoupling may explain 
Middle-American arc, a Chilean-Alaskan type of 
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Fig. 4 A section along AA’ of Fig. 1. Main shock (location and sense of slip) and ddois of 29 November 1978 (M, = 7.8) suggest a zo 

f strong coupling between the plates ~80 km wide (refs 20-22) (stippled area in Fig. 1). Aft shocks with magnitude M <4 (O) and M: 

) are shown. The earthquake of 15 January 1931 (M,= 8.0) was located just beyond the: 

ire Cocos plate. If the normal. fault earthquakes of 1937 and 1973 (ref. oad occurred in the subducted Coons plate, then the dip of th 
interface is ~ 15°. ae 










ne of strong coupling and probably broke th 












nenclature”’, -where young oceanic tithosphere 
tedata fast ratë, does not have a large contact zone 
ults in major earthquakes like those of 1960 in Chile or 
n Alaska. The earthquake of 19 June 1858 in northern 
acan® (M,~7.5) may have been another such normal 
vent. It also caused heavy damage inland, but little damage 
ported along the coast. Unfortunately, due to sparse 
ion density, the epicentre of the 1858 earthquake has 
n reliably determined. 
been suggested that normal fault earthquakes within 
eflect the gravitational pull of the down-going slab*®. 
p, however, the slab is sub-horizontal and extends no 
an ~100km (refs 7, 27); such a slab would probably 
uce a large downward force. One mechanism that might 
je tensile stress in this young subducting oceanic litho- 
loading by the continental plate*®. Whatever the 
m, the 1931 Oaxaca earthquake shows that the 
metry “ol the subduction zone beneath Middle America is 
more complex than had been previously assumed, and that 
h earthquakes pose a great seismic risk because the epicentres 
¢ farther inland, where the population density is highest. 
ntification. ‘of earthquakes with mechanisms like the 1931 
nt is also important in estimating recurrence times of large 
ist earthquakes and in testing earthquake recurrence models: 
e would not want mistakenly to include the 1931 earthquake 
he analysis of shallow thrust events in Middle America. 
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is : visual area of the macaque monkey which is at the second 
lin a recently proposed hierarchy of cortical visual areas’. 
ochemical staining for cytochrome oxidase (CO) in V2 reveals 
rn of alternate thick and thin CO-rich stripes separated by 











Te (refs 4, 5). Ae watpul srilections from 
eas also segregated? Using an anatomical 
aradigm, we have now demonstrated that V2 cells 
s major target areas, MT and V4 (refs 6 

ike clusters which are largely segregated 
ier and which are closely related to the pattern of 
ncomitant electrophysiological recordings from V2 
at groups of cells having similar receptive field proper- 
lustered within the subregions defined by these anatomical 

































ur hemispheres from three monkeys, pressure injections 
iade into MT using the blue-fluorescing tracer bisben- 
and into va using the yellow-fluorescing tracer Nuclear 
Each injection was delivered through a 1-1 Hamilton 
ge equipped with an electrically insulated barrel which was 
to monitor visually evoked responses at the syringe tip’. 
: recordings allowed us to identify MT in the superior 
oral sulcus by its characteristic response properties and 
-find the retinotopically corresponding regions in MT 
4-on. the. of premite gyros, a ensuring a common 
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hemispheres) or in the plane tangential to the flattened surface 
of V2 and Vi after post-fixation dissection’? (one hemisphere). 
The pattern of retrograde labelling in coronal sections of V2 
usually appeared as discrete patches of fluorescent neurones 
within cortical layers 2 and 3 and as a few labelled cells in layers 
5 and 6 lying in register with the supragranular clusters. Figure 
1 shows the distribution of the patches in one coronal section 
through the posterior lip of the lunate sulcus. In this particular 
section, V2 cells labelled from MT and V4 were segregated into 
alternate clusters with gaps between clusters and no regions of 
overlap. In most other sections from this and other hemispheres, 
there was some intermixing, but within the regions of overlap, 
one type of efferent cell was much more numerous. Convincing 
examples of double-labelled celis containing both Nuclear yel- 
low and bisbenzimide were not observed, indicating that few, 
if any, cells project simultaneously to both MT and V4. Within 
Vi, neurones labelled with bisbenzimide were found in layer 
4B, as expected from the known V1-to-MT connections!. CO 
staining in this hemisphere was only partially successful, but 
did permit the localization of some V4 projection clusters v 
thin CO stripes and adjacent interstripes. = 
Sections cut tangentially to the flattened surface of v2 Bree. 
vided a more extensive indication of the pattern of retrograde 
labelling and of CO histochemistry in individual sections, as 
well as a more accurate reconstruction of the complete patter 
from several sequential sections through the region of ‘interest. : 
Using blood vessels and other features to align sections from ` 
such a case, the locations of all labelled cells in laminae 2 and. 
3 were compiled in a diagram of a single common section 
(Fig.2a, b). The labelled cells cluster along rows running 
roughly perpendicular to the VI v2 border at the top. of 
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- of either type, either because they project to areas other than 
-MT and V4 or because they project to portions of MT or V4 
outside the region of tracer uptake. 
he relationship between the pattern of efferent cell bands 
nd the pattern of CO staining can be seen by comparing Fig. 2a 
and b with c in which regions of high CO activity from sections 
X passing through the infragranular layers have been compiled 
<o onto the same diagram used to display the fluorescent labelled 
cells. Consistent with earlier reports™™>!, the CO-dense regions 
‘orm irregular stripes which are alternately thick and thin and 
ire separated by interstripe regions of low activity. The densely 
populated bands of. MT pro F neurones are centred above 
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Fig. 1 Coronal section TERN vi and 
illustrating the distribution of cell bodies la 
led by retrograde transport of Nuclear ye 
(NY) from V4 (filled circles) or bisbenzimi 
(BB) from MT (open circles). In all c 
Vi individual tracer injections consisted of 200 
of a 2% aqueous suspension of Nuclear ye 

% {courtesy of Dr Richard Andersen) 
“e aqueous solution of bisbenzimi ide 
-fluorescing; Sigma). In histologica 
-region of heavy tracer concentration, 
“by diffuse ‘haze’, was 1.0-2.0 mm 
was confined to grey matter unl 
a? indicated. All injections were placec 
retinotopic region confined to 2° 

“in the lower visual quadrant. T 

with injections in both hemisphet 

‘transection of the corpus call 

‘reasons. In the case illustrated her 

‘Nuclear yellow injections were place ; 

mm intervals along the exposed surface o 
anterior bank of the lunate sulcus. Area 
received one injection of bisbenzimide, whose 
location was subsequently confirmed in mye 
stained sections. Post-injection survival, 48 














Fig. 2 Distributions of retrogradely labelled cell bodies and 
activity in flattened V2 cortex. In this hemisphere, six injectio 
of Nuclear yellow were placed within an 8.0-mm extent of the 
exposed surface of the prelunate gyrus adjacent to the confluence 
of the superior temporal and sylvian sulci. MT received one injec- 
tion of bisbenzimide. Post-injection survival, 30 h. In a and b, the 
precise locations of individual fluorescent cells were recorded with 
the aid of a digitally controlled microscope stage coupled to an 
x-y plotter. The patterns of labelling in the supragranular layers 
of seven sections (30 um thick, 120 pm apart) cut tangentially to 
the flattened surface were aligned and compiled onto a commor 
section for each tracer, The outlines of the densely: popula ec 
regions of bisbenzimide labelling have been duplicated in b to aid 
comparison. In this hemisphere the labelling in infragranular laye 
(not shown) was more extensive than in other cases and less closely 
in register with supragranular clusters. We attribute this to inad 
tent involvement of a small region of injured white matter immedi. 
ately under the injection site in MT (perhaps projecting. to 
pulvinar), and for these reasons have discounted the infragranul 
poibintaie in our interpretation | of this case, ` Small. thin arrows 
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the 315 recording sites studied: (1) there is significant clustering 
of neurones selective for each of the four parameters tested: (2) 
he distribution of selected responses is related to CO/efferent 
ll subregions, but (3) each anatomical subregion is not com- 
plet tely homogeneous with regard to the physiological properties 
resented therein. 

ve gure 3 illustrates results from an experiment in which six 
ort penetrations were placed into V2 in a manner that ensured 
Sampling from a full cycle of CO stripes. The CO-stained section 
lu astrating the stripe pattern (Fig. 3c) was cut tangentially to 
. e flattened cortical surface, except at the upper margin (see 
z3. 3 legend). From this and nearby sections, recording sites 
in each penetration could be assigned to a specific CO subregion. 
Figure 3a, b displays the average selectivity indices for the three 
fi e recording sites in each penetration for each of three 
stimulus parameters. For colour and orientation, index values 
>0.7 indicate strong selectivity; for binocular interaction, values 
0.0 indicate that binocular responses were stronger than either 
monocular response (see Fig. 3 legend). Clusters of cells preferr- 
ng binocular stimulation were found only at the recording sites 

f penetrations 2 and 6, both assigned to thick CO stripes; 
penetration 6 also showed clustering of orientation selectivity. 
Colour-selective sequences were observed only in penetrations 
4, passing through the edge of a thin stripe, and 5, passing 
through an interstripe; orientation selectivity was particularly 
low in both penetrations. Strong direction selectivity (not shown) 
Was present only for two rcording sites in a thick stripe at the 
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Fig. 3 Stimulus-selective neuronal activity within 
different CO subregions of flattened V2. At each crossbar 
on the electrode track diagrams in c, multi-unit responses 
(MR) were quantified by using a window discriminator 
to count the number of times the recorded neural signal 
crossed a pre-set threshold during the stimulus presenta- 
tion. The rate of spontaneous background activity in the 
2 s preceding the stimulus was subtracted to yield the final 
value. Visual stimuli were bright bars moving across or, 
for orientation selectivity, flashed onto a white tangent 
screen. Luminances: tangent screen background 10- 
20 cd m~*, white bars 2.0 log units above background: 
equiluminant narrow band (interference filter) colour bars 
1.8 log units above background. Selectivity indices: index 
of binocular interaction (assessed at the best disparity) = 
1—(largest monocular MR/binocular MR): colour 
index = 1 — (MR worst A/ MR best A); orientation index = 
1—(orthogonal orientation MR/best orientation MR); 
direction index (not plotted here)=1—(null direction 
MR/best direction MR). a, b, Average selectivity indices 
for the three to five recording sites in each penetration. 
Error bars signify +s.e.m. Horizontal lines provide refer- 
ence for identifying highly selective index values. c, CO 
(darker regions) stained section cut tangentially to the 
flattened surface of cortex, consisting of mainly sub- 
granular layers except at the dorsal margin where, because 
of cortical curvature, the section passes through more 
superficial layers, which appear uniformly dark in this 
photo. Although each penetration traversed several adja- 
cent sections, all recording sites have been compiled onto 
this single section and are indicated by crossbars on track 
diagrams. The superficial portion of penetration 2 was in 
V1, not evident in this section. White circles indicate 
marking lesions. The recording sites of penetrations 1, 2, 
6 are in thick CO stripes and, based on this and adjacent 
sections, those of 3, 5 are in interstripes. Those of 4 are 
in the edge of a thin stripe. Thick/thin labels on the dark 
CO stripes were assigned on the basis of stripe width in 
this and adjacent sections and on the basis of the overall 
alternation of thick and thin stripes in the complete 
section. 


end of penetration 2. Heterogeneity in multi-unit response 
properties within a CO subregion can be seen by comparing 
penetrations 1, 2 and 6 (all in thick stripes) and penetrations 3 
and 5 (both in interstripes). 

The overall incidence of selectivity for all multi-unit recording 
sites tested was 39% for colour, 10% for direction, 48% for 
binocular interaction and 41% for orientation (Table 1). (Values 
for a population of single units may, of course, be somewhat 
different.) Strong clustering was found for each type of selec- 
tivity. The majority of selective sites occurred in runs of three 
to nine, except for direction selectivity, for which one-third of 
the sites occurred in runs of two to four. Based on discrete 
probability estimates, clustering for all parameters was statisti- 
cally significant (P< 0.001). 

A total of 158 recording sites were accurately localized with 
respect to the CO stripes, fluorescent efferent clusters or both, 
assuming that each system extends radially through the cortex. 
The incidence of selectivity encountered in CO and efferent cell 
subregions is indicated in Table 1. For all assignable sites tested 
for colour, the incidence of selectivity was high in thin CO 
stripes, interstripes and V4 projection clusters (mean 70% ), but 
was significantly lower in thick stripes and MT projection 
clusters (mean 19% ). Of the few colour sites in thick stripes or 
MT projection patches, none occurred in clusters. Though rare 
overall, the incidence of direction-selective sites was markedly 
higher for MT than for V4 projection clusters. The differences 
were less striking for direction selectivity versus CO subregion. 


eed OG ee tk: stds 


fd oo 


NATURE VOL. 317 5 SEPTEMBER 1985 





wow E 


- 


NATURE VOL 317 5 SEPTEMBER 1985 


However, all clustered, direction-selective sites occurred in thick 
stripes or MT projection patches. All subregions contained some 
sites preferring binocular stimulation, but their incidence was 
high only in thick stripes and MT projection patches. Strong 
orientation selectivity occurred in nearly half of the sites in thick 
CO stripes and MT projection clusters. It was also common in 
V4 projection clusters, although it was comparatively rare in 
thin stripes and interstripes. Whether this apparent discrepancy 
between V4 projection clusters and CO thin and interstripes 
reflects a sampling bias, or an interesting functional 
heterogeneity, remains to be determined. 

The, results presented here confirm that the projections from 
V2 to MT originate in discrete clusters' which are related to 
thick CO stripes'*, and they show that the projections to V4 
arise from a separate population of cells associated mainly with 
thin stripes and interstripes. There may also be room to sequester 
additional clusters of efferent cells, such as those projecting to 
V3" or back to V1. The segregation of efferent clusters with 
respect to the pattern of CO labelling complements the recent 


Table 1 Percentage incidence of strongly selective responses within 
V2 subregions 


V2 subregion 
Cytochrome oxidase Efferent zone 


Stimulus 
Parameter Overall Thin Inter Thick MT V4 
Colour 39 86* 64* 16* 22° 67* 
(105/272) (18/21) (14/22) Sag na oe 
Direction 10 77 OT 197 
(30/415) ee ie yee nie re 
Binocular 48 80t 24ł} 
Interaction (55/114) o 18) Gf: 32) oe) 41) (4/5) (6/25) 
Onentation 4l 20¢ 174 514 40 42 


(115/284) (4/20) (4/27) (20/39) (4/10) (27/65) 

Incidence of selective responses is shown as the percehtage of highly 
selective recording sites out of all sites which (1) were assignable to the 
specified subregion and (2) were tested for selectivity to the specified 
parameter. The actual number of selective sites out of these which were 
localized and tested is shown in parentheses The overall incidence 
values are based on all sites tested for the specified parameter, including 
those sites that could not be assigned to a specific subregion. A response 
was classified as strongly selective if the selectivity index (see Fig. 3) 
was >0.7 for colour, direction and orientation and >0.3 for binocular 
interaction Statistical significance of y” tests of the departure of 
obtained percentages from a uniform distribution at the ‘Overall’ percen- 
tage: * P<0.001; 01> P>0.05; tP<0.05. 


observations that V1 projections, pulvinar afferents and intrinsic 
V2 connections also distribute selectively to the different CO 
subregions”**'*, That these subregions are physiologically as 
well as anatomically distinct is indicated by the present elec- 
trophysiological results as well as the 2-deoxyglucose results of 
Tootell et al’. Altogether, these findings suggest that there are 
at least two functional subregions within V2; one has V4 as a 
major target and may be heavily involved in the processing of 
colour but also is concerned with aspects of stereoscopic and 
orientation information; the second, projecting to MT, deals 
with certain (perhaps different?) aspects of stereopsis and 
orientation, but also processes motion information. Thus, these 
subregions may elaborate upon the functionally distinct inputs 
arriving from V1 and contribute not only to the distinctive 
specialization of MT for motion and V4 for colour but also 
impart to both the information needed to analyse other, three- 
dimensional properties such as location and form. Similar results 
have recently been reported by Shipp and Zeki’* and by Hubel 
and Livingstone’®. 
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Cyclic GMP-sensitive conductance in 
outer segment membrane of catfish cones 


Lawrence Haynes & King-Wai Yau 


Department of Physiology and Biophysics, University of Texas 
Medical Branch, Galveston, Texas 77550, USA 


A cyclic GMP-sensitive conductance has recently been observed 
with patch-clamp recording in excised inside-out patches of plasma 
membrane from frog and toad rod outer segments’, This conduc- 
tance has properties suggesting that it is probably the light- 
sensitive conductance involved in visual transduction’?. We now 
report a similar conductance in the outer segment membrane of 
catfish cones. Cyclic GMP showed positive cooperativity in opening 
this conductance, with a Hill coefficient of 1.6-3.0 and a half- 
saturating cGMP concentration of 35-70 pM. Cyclic AMP at 
1 mM, or changing Ca concentration (in the presence of Mg), had 
little effect on the conductance. In physiological solutions the 
cGMP-induced current had a reversal potential near +10 mV; the 
current amplitude increased roughly exponentially with membrane 
potential in both depolarizing and hyperpolarizing directions. Our 
results suggest that cGMP is also the internal transmitter for 
phototransduction in cones. 

In visible light, a patch pipette containing normal Ringer’s 
solution was sealed against the tip of the outer segment of an 
intact catfish cone, establishing a Gigaseal membrane patch’. 
The bath solution was then switched from Ringer’s to a 
pseudointracellular solution (Fig. 1 legend), and a gentle tap 
on the micromanipulator supporting the pipette yielded an 
excised, inside-out membrane patch’, with its cytoplasmic face 
exposed to perfusion. 

Figure 1A shows current recordings from a patch. In the 
absence of cGMP, the potential between the inside and the 
outside of the pipette was clamped at 0 mV, and superposed on 
this were voltage steps of 1s duration at +10 mV increments. 
In the presence of 420 uM cGMP a small inward current 
appeared at 0 mV: at the same time the voltage steps resulted 
in larger current jumps. Associated with the cGMP-induced 
current there was an increase in current noise, which was 
especially pronounced at large depolarizations and hyper- 
polarizations. However, no obvious opening and closing of 
individual channels could be resolved up to 1 kHz, indicating 
either an unusually small unit conductance, as has been sug- 
gested in rods'***, or extremely brief channel dwell-times in the 
conducting state. Figure 1B shows, on an expanded timescale, 
that the conductance turned on and off as rapidly as the change 
in cGMP concentration. The Speed of solution change was 
inferred from junction currents’ recorded on switching from the 
pseudointracellular to Ringer’s solutions. 

Figure 2A shows the current-voltage relation (filled circles) 
for the cGMP-induced current of Fig. 1. The current had a 
reversal potential of +15 mV, and it increased steeply with 
voltage in both depolarizing and hyperpolarizing directions. 
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From 27 patches, the reversal potential was 13.5+2.9 mV 
(mean +s.d.). This agreed with the reversal potential for the 
light-sensitive current in rods®°*!°, but was somewhat more 
positive than that estimated ın tiger salamander cones (—7.8 mV; 
see ref. 11). The steep increases in current at large depolariz- 
ations and hyperpolarizations were observed in all experiments. 
Figure 2B shows examples from four other patches. These 
characteristics broadly resembled those observed for the light- 
sensitive current in tiger salamander cones'', as expected if the 
cGMP-sensitive conductance was the light-sensitive conduc- 
tance; a quantitative comparison, however, was not possible 
because of the limited measurements in intact cones. The smooth 
curves fitted to the data in both Fig. 2A and B were scalings of 
the function’: 


j(V) =exp (Cat) — exp (==) (1) 


Vo Vo 


where J is transmembrane current, V is membrane potential, V, 
is reversal potential, V, is a voltage constant and y is a symmetry 
constant. One interpretation of equation (1) is that it describes 
current through a membrane conductance with a single energy 
barrier situated at a fractional distance y (that is, «y varies 
between 0 and 1) from the extracellular boundary of the mem- 
brane’*. Our cone data were consistently fitted with V) = 12.5 mV 
and y=0.35. A voltage constant of 12.5 mV may suggest that 
the transmembrane current is carried by divalent cations or pairs 
`of monovalent cations’. On the other hand, it may also reflect 
the voltage dependence of a current blockage by divalent cations 
(see below). In rods, unlike cones, the light-sensitive and cGMP- 
dependent currents exhibited prominent outward rectifica- 
tion’°8"!°. However, equation (1) can still describe the rod 
currents, but with y~0 and V, between 12.5mV and 25 mV 
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Fig. 1 Cyclic GMP-sensitive current recorded from an excised, inside-out 
membrane patch from a catfish cone outer segment A piece of retina from 
a dark-adapted catfish (Ictalurus punctatus) was incubated in darkness for 
ih in Ringer’s solution containing 1 mg m!7' hyaluronidase (Sigma Type 
I-S), then finely chopped under infrared hght to yield many isolated cone 
receptors with intact outer and inner segments. Subsequent recordings were 
made in visible light There were most probably two classes of cones in this 
preparation’, however, in the absence of any obvious morphological distinc- 
tion between them the cones were selected randomly and treated as one 
class. The patch pipette had a tip lumen diameter of 0.5 pm or less and was 
connected to a Dagan 8900 patch-clamp recording system in voltage-clamp 
mode. Sealing against cell membrane was established by mouth suction 
Room temperature Normal Ringer's solution contained (in mM) 110 NaCl, 
2.5 KCI, 1.6 MgCl, 10CaCl,, 5 TMA (tetramethylammonmm)/ HEPES, 
pH7.6. Pseudointracellular solution contained (n mM) 12.5 NaCl, 100 K. 
gluconate, 1 6 MgCl,, 0.1 TMA/EGTA, 5 TMA/ HEPES, pH 7 0. All cGMP- 
containing solutions also had 20 yM IBMX (1sobutylmethylxanthine). The 
IBMX was routinely added to inhibit any possible residual phos- 
phodiesterase activity in the preparation, although control experiments 
without IBMX indicated that this was unnecessary In other experiments 
using different concentrations of IBMX we have also verfied that IBMX 
by itself has no agonistic effect on the cGMP-sensitive conductance, nor 
does it inhibit the action of cGMP Solution changes were controlled elec- 
tronically so that they could be reproduced many times All recordings 
shown here were low-pass filtered at 150 Hz (8-pole Butterworth). A, Top, 
current recordings (current entering pipette from bath was positive), bottom, 
monitor of voltage pulses Time course of solution changes was based on - 
junction current measurements’ on switching bath solution from pseudoin- 
tracellular to normal Ringer's solutions (see B) Each voltage pulse lasted ' 
1s and was switched on manually The nature of the time-dependent change 
in current after a voltage jump (especially for the large depolarizing pulses) 
was unknown; it was, however, similar in the absence and the presence of 
cGMP, suggesting it was not associated with the cGMP-sensitive current. 
The capacity current transients occurring at some of the voltage jumps have 
been missed by the digitization B, Time course of the turning on and off 
of the cGMP-dependent current closely followed the admission and removal 
of cGMP Same experiment as A, all single sweeps; 0 mV. Upper trace, 
junction current measurements upon switching from pseudointracellular 
solution back to Ringer’s Middle and lower traces, turning on and off of 
cGMP-dependent currents (All changes in current produced by cGMP 
shown here reflected genuine cGMP-sensitive currents because 1n exper- 
ments on unresponsive patches cGMP up to 840 uM gave undetectable 
junction currents.} The faster turning on, and delayed turning off, of the 
current with 420 M cGMP were most probably due to the fact that most 
of the conductance was already activated at cGMP concentrations much 
lower than 420 uM (see Fig 4) The noise cluster appearing before each 

solution change was caused by vibration from tap movement 


(refs 8-10). A difference in y may suggest that a structural group 
on the light-sensitive conductance which influences ion per- 
meation is at different locations in rods and cones. A con- 
sequence of the current-voltage relation in cones is that as a 
cone cell hyperpolarizes in non-saturating light, the remaining 
light-sensitive conductance will increase and generate a larger 
residual dark current. This effectively reduces the cell’s voltage 
response to light. Assuming a membrane potential in darkness 
of —40 mV and a ratio of light-sensitive to light-insensitive 
conductances of near unity’’, it can be calculated that a hyper- 
polarizing response elicited at low light intensities would be 
~40% smaller for the J- V relation in Fig. 2A than for one that 
is flat in the hyperpolarizing range, as in rods. The difference 
is progressively less at higher light intensities. Such a sensitivity 
reduction, though sizeable, can nonetheless account for only a 
very small fraction of the overall sensitivity difference between 
rods and cones, which is about 100-fold or higher'*-'°. 

Not evéry membrane patch that we recorded from showed a 
response to cGMP. Roughly 75% of the patches were responsive, 
and successful encounters were random; the unresponsive pat- 
ches perhaps represented sealed-off vesicles’. In functioning 
patches that were electrically stable for 15 min or longer, the 
response to CGMP generally persisted upon repeated application 
of the chemical, with only a small progressive decline in its 
saturated amplitude. This observation, together with the fact 
that ATP was not required in the bath solution to elicit the 
response, suggested that cGMP acted on the conductance 
directly’ rather than via a protein kinase. 

Figure 3A shows that a large change.in Ca concentration on 
the cytoplasmic side of the membrane had little effect on the 
current in both the presence and the absence of cGMP. Figure 
3B shows that the conductance was specifically activated by 
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Fig. 2 A, Current-voltage (I-V) 
relation of the cGMP-dependent cur- 
rent of Fig. 1A. Each current 
measurement was made at the end 
of the 1-s voltage pulse. A, V, I-V 
relations in control solution before 
and after the application of cyclic 
GMP, with resistance of about 
14GQ (empty electrode resistance 40 
~20 M09); O, I-V relation in the pA 
presence of cGMP; @, I-V relation 

for cGMP-sensitive current, 

obtained as difference between 

measurements in the presence and 20 
absence of cGMP. Smooth curve 1s 
scaling of equation (1) with V,= 
+15 mV, Vo= 12.5 mV and y=0.35 
B, Normalized I-V relations for -80 -60 -40 -20 g 
cGMP-dependent current in four - 

other cone patches. For purpose of 
comparison, the data in each patch 
have been shifted such that the 
reversal potential is at OmV, and 
have been normalized such that the 
current at 40 mV positive to the 
reversal potential is unity. Actual 
reversal potentials and currents at 
0 mV were: @, +13 mV, —0.8 pA; A, 
+10mV, —-OQ1pA; V, +15 mV, 
~0.5 pA, W, +15 mV, —1.2 pA. Cyc- 
lic GMP concentrations were 
420 uM for @, V and W, and 840 M 
for A. Smooth curve is again 
equation (1) with V,=0, V= 

12.5 mV and y=0.35. 
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cGMP, and cAMP at about I mM had no observable effect. 
Similar observations have previously been made on the cGMP- 
sensitive conductance in rod membrane patches’”. It should be 
pointed out here that, in both rod and cone patches, Ca had 
little observable effect on the conductance only when Mg was 
present. In the absence of Mg some blockage of the conductance 
by Ca became apparent. It appears that Mg (and also Ca, 
although normally its action on the cytoplasmic side is probably 
masked by Mg) exerts a voltage-dependent block on the con- 
ductance, thereby influencing both the magnitude and the rec- 
tification of the macroscopic current (L.H. and K.-W.Y., manu- 
script in preparation). This action of divalent cations on the 
conductance might represent a ‘flickering block’ like that 
observed in other conductances'’~'*. 

Figure 4 shows the dependence of the current on cGMP 
concentration at 0 mV. As in rods’, the relation was sigmoidal, 
indicating that cGMP molecules had positive cooperativity in 
turning on the conductance. From 23 patches, the Hill coefficient 
ranged from 1.6 to 3.0 (mean+s.d.=2.4+0.5), and the half- 
saturating CGMP concentration (K,/2) ranged from 35 to 67 pM 
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Fig. 3 A, I-V relations across a cone membrane patch in the 
presence/absence of cGMP and Ca. The bath solution contained: 
A, 0 cGMP, 0 Ca, 0.1 mM EGTA; A, 0 cGMP, 1 mM Ca; O, 
420 uM cGMP, 0 Ca, 0.1 mM EGTA; @, 420 uM cGMP, 1 mM 
Ca. Concentrations of other ions were the same as in Fig. 1 legend. 
B, I-V relations with cGMP or cAMP. Difterent patch from A. 
All solutions contained 0 Ca, 0.1 mM EGTA. A, Control pseudoin- 
tracellular solution; @, 420 uM cGMP, Ml, 920 uM cAMP. For 
fair comparison, the cAMP-containing solution also had 20 pM 
IBMX, though as mentioned in Fig. 1 legend the presence of IBMX 
was irrelevant. Data in both A and B were raw, so that the -V 
relation for the cGMP-dependent current ın either case would be 
given by the difference between the relations in the presence and 
absence of the chemical. 


(mean +s.d.=55+9 uM). Both parameters were fairly similar 
to those previously measured from rod membrane patches’. 
We found no indication of any change ın the Hill coefficient 
with membrane potential (0 to +40 mV). The K,,z also showed 
very little voltage dependence, increasing by perhaps 15% from 
0 to —40 mV (10 patches); this would correspond to an e-fold 
change over 300 mV, in a direction opposite to that expected 
from the negative charge on cGMP if the receptor site were 
located within the transmembrane electric field. The insensitivity 
of K,,/2 to voltage suggests that the cGMP binding site is at or 
very near the cytoplasmic surface of the membrane. 

There has been some dispute, based on biochemical 
studies”°-?>, about whether a cGMP cascade similar to that in 
rods is present in cones, and there has even been a suggestion” 
that cAMP in cones may assume the role of cGMP in rods. The 
present study, however, provides strong evidence that cGMP 
mediates phototransduction in both kinds of photoreceptors. 
Since cGMP turns on the rod and cone conductances with 
strikingly similar characteristics, the mechanisms underlying the 
large differences in light sensitivity and response kinetics 
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Fig.4 Dependence of the cGMP-sensitive current on concentra- 
tion of cGMP. Membrane potential clamped at OmV Plotted 
currents were absolute values. Cyclic GMP concentrations were 
8.4, 16 8, 29.4, 42, 63, 84, 126, 168, 420 and 840 uM respectively. 
Smooth curve fitted to the data is scaled according to the function 
S(C)=C"/[C"+ Kt], where C is concentration, Kiza is the 
half-saturating concentration and n is Hill coefficient. In this 
experiment K,;2=67 uM and n=1 8. 


between the two kinds of receptors'*-'® must reside elsewhere 


in the transduction chain, most probably in the light-controlled 
cGMP metabolism. 
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Cyclic GMP increases photocurrent and 
light sensitivity of retinal cones 


W. H. Cobbs, A. E. Barkdoll III & E. N. Pugh Jr 


Departments of Neurology and Psychology, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, USA 


Like retinal rods, cone photoreceptors contain cyclic GMP and 
light-activated phosphodiesterase™”. The cGMP phos- 
phodiesterase cascade is thought to mediate phototransduction in 
rods. Biochemical assays of nucleotide content in cone-dominant 
retinas, however, have failed to demonstrate light-induced changes 
in cGMP". Changes in cyclic AMP following light exposure have 
been reported, leading to the suggestion that in cone phototrans- 
duction cAMP assumes a role analogous to that played by cGMP 
in rods*. Cyclic GMP introduced from tight-seal pipettes into 


isolated cones of the larval tiger salamander, Ambystoma tigrinum, 


rapidly increases light-modulated membrane current more than 
10-fold. In cones, as in rods, cGMP also causes an approximately 
10-fold increase in photocurrent duration and a 5- to 10-fold 
increase in light-sensitivity. Cyclic AMP has no effect on cone 
photocurrents under the same conditions. Because cGMP has 
similar effects on photocurrent magnitude and kinetics in both 
rods and cones, we conclude that cGMP plays corresponding roles 
in transduction in both vertebrate photoreceptor classes, 

The effect of cGMP on cone photocurrents, which were always 
much briefer and less light-sensitive than those of rods, was 
assessed using methods developed for rods*®, as shown in Fig. 
t. A suction electrode held the outer segment (inset) and collec- 
ted light-sensitive membrane current (Fig. 1A). A patch pipette 
containing 5mM cGMP formed a gigohm attached patch (AP) 
on the inner segment, shown by a decrease in the amplitude of 
current pulses in the patch electrode record (Fig. 1 B). Just after 
attachment a flash (a) produced a 25-pA photocurrent in the 
suction electrode only (Fig. 1A). After rupture of the membrane 
patch and onset of whole-cell voltage-clamp recording (WC), 


light responses appeared in both electrodes (b), marking 
intracellular access. Thereafter the suction pipette current and 
clamp current increased, first slowly and then more rapidly to 
~750 pA following a brief pressure pulse in the patch pipette 
(P). Light flashes suppressed all current (c,d). Suction and 
clamp electrodes collected approximately equal photocurrents 
after whole-cell access, indicating little escape of photocurrent 
through the inner segment membrane. Photocurrent duration 
(time to recover 10% of pre-flash light-sensitive current) 
increased from 300ms to 3,500ms. These cGMP-induced 
increases in photocurrent magnitude and duration in a cone 
closely parallel those in rods*®. 

Increases in photocurrent magnitude and duration due to 
cGMP infusion were measured in 10 cones. Mean current 
increased from 32 (range 10-65) to 250 pA (range, 76-750); 
mean photocurrent duration increased from 300 (range, 80- 
800 ms) to 2,900 ms (range 880-3,500). Control currents and 
light responses were re-established following removal of the 
patch pipette in three cells (Fig. 3). Cyclic GMP (5 mM) pro- 
duced a large, persistent increase in light-sensitive current in 
every cell in which both electrodes collected equal photocur- 
rents. In three cones which did not initially respond to light, 
whole-cell voltage clamp with cGMP-induced large photocur- 
rents, suggesting that these cells might have been depleted of 
endogenous cGMP. 

Cyclic AMP (5 mM) in the patch pipette produced no change 
in the photocurrent responses of six cones. Photocurrents and 
light-sensitivity during cAMP infusion could not be distin- 
guished from recordings obtained without nucleotide in the 
patch pipette (n = 5). Intracellular access was equivalent to that 
achieved in experiments with cGMP, attested by clamp settling 
time and approximately equal photocurrents in clamp and suc- 
tion electrodes over a 500-fold range of flash intensities. 

Salamander cones and rods differ conspicuously in intrinsic 
light sensitivity, defined as the fraction of light-sensitive current 
suppressed per isomerization by dim flashes (linear response 
range). We estimated this fraction in cones to be less than 1% 
of the fraction (0.01-0.05) suppressed per isomerization in rods’. 
The similar increase in photocurrent duration in cones and rods, 
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Fig. 1 Method of introduction of cGMP into 
cone. Cone membrane currents recorded simul- 
taneously with whole-cell voltage clamp (A) 
and suction electrode (B). Suction electrode 
ordinate scale applies after point marked G, at 
which 10-fold gain reduction in recording was 
made, Dashed line shows suction electrode cur- 
rent continued at initial gain. Tics (middle 
trace) mark 20-ys xenon flashes. AP marks time 
of formation of gigaseal attached patch; WC 
marks onset of whole-cell recording, clamp 
command voltage at —20 mV relative to bath; 
P marks pulse of pressure applied to clamp 
electrode; W, withdrawal of clamp electrode 
Clamp electrode contained 100 mM K-Acetate, 
5mM NaCl 2mM MgCl, 10mM HEPES, 
50 uM EGTA and 5 mM cGMP, pH =7.5. Cell 
in HEPES Ringers, 1 mM CaCl, (ref. 5); T= 
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21.5 °C. Each flash was equivalent to 8 X10° Av um `, 620 nm, polanzed to coincide with chromophore transition moment (equivalence obtained 
by comparison with 20-ms 620-nm flashes). For estimated cone absorption cross-section of 4 ym, each flash yielded 2 x 10° isomerizations. 
Experiments were monitored continuously with an infrared (A > 820 nm) video system. Inset shows tracing of videotape record of the cone 
of panel A Cone inner segment ıs stippled; cone outer segment 1s clear. 


however, suggested that cGMP might increase light sensitivity 
in both types of photoreceptors in such a way as to preserve 
their relative sensitivity, despite their large baseline disparity in 
intrinsic sensitivity. We accordingly compared the effect of 
cGMP on the dim flash response of both cell types. 

In a rod (Fig. 2) in which light-sensitive current grew ~3-fold 
following whole-cell access (WC), responses to both dim (d) 
and bright (b) flashes became larger and prolonged. After with- 
drawal of the cGMP-containing pipette (W), the responses to 
_both flashes recovered to baseline waveforms. Dim flash 
responses before, during and after cGMP infusion were com- 
pared on a scale of fractional current (Fig. 2C). On this scale, 
responses during cGMP exposure (d, d,) suppressed a greater 
fraction of light-sensitive current (0.6) than the fraction sup- 
pressed (0.17) by pre-cGMP controls (d,, d4). 

In a cone (Fig. 3) a dim flash (d,) had to produce ~1,000 
times more isomerizations to achieve equivalent fractional sup- 
pression (0.19). Nevertheless, on cGMP infusion the light-sensi- 
tive current of the cone increased 4.6-fold to 250 pA, and the 
same dim flash (d,, d,) then suppressed a much higher fraction 
of current (0.80). Following withdrawal of patch pipette (W), 
maximal photocurrent subsided and light responses recovered 
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Fig.2 Effect of cGMP on light-sensitivity of rod. A, Rod suction 
electrode current. AP marks attached patch; WC, whole-cell 
recording; S, spontaneous current fluctuations; W, withdrawal of 
patch pipette. Patch electrode contained 5mM cGMP; clamp 
command was —40 mV. Flashes were 500 nm, 20 ms duration: dim 
flash (baseline, short tic mark), 0.13 Av pm? (~10 isomerizations); 
bright flash (tall tic mark), 8 hv m~? (~700 isomerizations). T = 
21.2°C. B, Line tracing of video record of experiment: rod inner 
segment stippled. C, Responses to dim flashes d,-d, from record 
in A. The ordinate value 1.0 represents the maximal possible 
photocurrent at the time of each dim flash, obtained as the 
difference between the current baseline immediately prior to the 
dim flash and the ceiling level reached by the immediately succeed- 
ing bnght flash. Responses to d2, d}, obtained during cGMP 
infusion, rise initially on common trajectory with pre- and post- 
cGMP control response to d, and d,. 


oa 


towards those of the initial controls, with complete recovery of 
sensitivity (Fig. 3C). The factor by which intrinsic light sensitiv- 
ity (defined above) is increased by cGMP can be estimated from 
our data, using the hyperbolic relationship between peak photo- 
current and flash intensity’. This factor of sensitivity increase 
was 5.4 for the rod of Figs 2 and 17 for the cone of Fig. 3. The 
factor for a second rod was 6.4 (maximal current increase 
30-500 pA) and 6.7 for a cone (maximal current increase 14- 
120 pA). 

Comparison (Figs 2C, 3C) of dim flash responses discloses 
a pattern common to rods and cones. For both cell types, soon 
after cGMP infusion dim flash responses (normalized by 
maximum photocurrent) rose at about the same initial rate as 
pre-cGMP controls, but diverged as rate of rise of pre-cGMP 
control responses declines. From this comparison of dim flash 
responses we conclude that the increase in light sensitivity 
induced by cGMP is not caused by increased gain of the step 
in transduction fast relative to the dim flash response. Gain 
increase of a fast step would cause the rising phase of the 
response during cGMP infusion to be steeper than the control 
response. A mechanism consistent with the observed pattern of 
responses would be the retardation of the decay of one or more 
intermediary steps in transduction that are common to both 
receptor types. 
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Fig.3 Effect of cGMP on light-sensitivity of cone. A, Cone suction 
electrode current. AP marks attached patch; WC, whole-cell 
recording; W, withdrawal of patch pipette. Patching pipette con- 
tained 5mM cGMP; clamp command was —20 mV. Flash’source 
was xenon arc, 20 s'duration: dim flash (baseline, short tic mark) 
4,000 hy pm? (620 nm equivalent), yields 10* isomerizations for 
4m? collection area; bright flashes (tall tic mark), 810° Ay 
pm?, 210° isomerizations. B, Line tracing of infra-red video 
record of experiment. C, Responses to dim flashes d,-d, of trace 
in A plotted on normalized ordinate, as in Fig. 2C. The 200 pA 
response to dim flash given at d, rises on the same trajectory as 
the 10 pA control response, di. 
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Fig. 4 Suction electrode photocurrents of cell of Fig. 1 plotted 
with normalized ordinate and expanded time base; ordinate value 
1 0 represents maxımum possible photocurrent at time of flash. 
Letters a-d identify suction electrode photocurrents of cell to 
flashes of 2 x 10° isomerizations; in Fig. 1 flashes are identified by 
the same letters. Response b (25 pA) obtained immediately after 
patch rupture, and responses c, d (750 pA) during cGMP infusion 
rise at approximately the same rate when normalized. Response a 
(18 pA), obtained before patch rupture and voltage clamping rose 
at slower rate. Unlabelled responses were obtained before clamping 
to a series of flashes graded in 0.5 log unit steps; most intense flash 
(a) equivalent to 2x106 isomerizations These unclamped 
responses rise on a common trajectory. 


Comparison (Fig. 4) of bright-flash responses of the cone of 
Figure 1 immediately after whole-cell voltage clamp (b) and 
later after 30-fold photocurrent increase (c, d) shows a pattern 
like that of rods: large cGMP-induced photocurrent increases 
can occur with little change in the response rising phase. 

Voltage clamp without nucleotide in the patch pipette speeds 
the rising phase of cone bright-flash photocurrents (data not 
shown). This effect can also be observed by comparing responses 
a and b in Fig. 4. Response a was obtained just before voltage 
clamp and response b immediately after clamp, but before the 
large cGMP-induced current. This change in the bright-flash 
response rising phase results from voltage clamp, and not from 
diffusion of solutes into or out of the cell: the slower waveform 
observed before voltage clamp is restored either by switching 
to current clamp or by. withdrawal of the patch pipette. In this 
respect, cones differ from rods, in which voltage clamp alone 
has little effect on the bright-flash photocurrent. The current 
responsible for this behaviour of cones has not been identified. 

The hypothesis that cGMP regulates light-sensitive membrane 
current by rapidly reversible binding to the light-sensitive con- 
ductance is supported by observations of excised patches of 
rod!? and cone’! outer segment membranes. This hypothesis 
readily accounts for the large increases in light-sensitive mem- 
brane current seen on cGMP infusion in both rods and cones. 
Invariance of the rising phase of dim- and bright-flash photocur- 
rents before and soon after cGMP infusion can be accounted 
for by adding to the hypothesis the notion that even during 
cGMP-infusion free cGMP in the outer segment remains much 
lower than the k,, of light-activated phosphodiesterase’. 
Increases of photocurrent duration and light sensitivity in both 
cell types, however, require a mechanism other than rapid inter- 
action of cGMP with the light-sensitive conductance. 

This work was supported by NIH grants EY-02660 and EY- 
01583. We thank A. I. Cohen, T. D. Lamb, J. C. Tanaka and 
K.-W. Yau for helpful comments. 
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Concentration of acetylcholine 
receptor mRNA in synaptic 
regions of adult muscle fibres 
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Acetylcholine receptors (AChRs) are highly concentrated in the 
small fraction (~0.1%) of the skeletal muscle fibre surface that 
comprises the postsynaptic membrane of the neuromuscular junc- 
tion (Fig. 1a). In adult murine muscle, for example, AChRs are 
packed at a density of over 15,000 per pm? in postsynaptic mem- 
brane, whereas their density is <30 per pm? in extrasynaptic 
membrane’, Because synaptic AChRs turn over* they must be 
replaced, and it is interesting to consider where the new AChRs 
that maintain synaptic aggregates are synthesized. One possibility 
is that AChRs are synthesized uniformly along the length of the 
multinucleated muscle fibre; in this case, AChRs might be redis- 
tributed to or selectively stabilized at the synapse, as probably 
occurs during synapse formation”. Alternatively, AChRs might 
be preferentially synthesized near synapses, a possibility that would 
suggest that innervation can influence not only where AChRs are 
inserted? or accumulate but also where they aré synthesized. In 
support of this second possibility, we report here that AChR 
messenger RNA is more abundant near to than far from synapses 
in adult muscle fibres. 

Our experiment exploited the convenient anatomy of the 
mouse diaphragm. This thin, flat muscle is innervated by a single 
nerve trunk that runs perpendicular to and across the centre of 
the muscle fibres (Fig. 1b). Thus, most of the synapses (Fig. 1c) 
and the great majority of the AChRs (Fig. 1d) in this muscle 
are concentrated in its central third. We dissected diaphragms 
into central, synapse-rich and distal, nearly synapse-free areas, 
and prepared mRNA (poly(A)* RNA) from each. The RNAs 
were fractionated on agarose gels, transferred to nitrocellulose 
and probed with *P-labelled complementary DNAs specific for 
the æ- (ref. 9) and 8- (ref. 10) subunits of murine AChR. (Probes 
for the other subunits, 8 and y, were not available.) The relative 
abundance of mRNA in the synapse-rich and synapse-free 
samples was measured by densitometry of the resulting 
autoradiographs’'. 

Figure 2 shows that both æ- and 6-subunit AChR mRNAs 
were severalfold more abundant in synapse-rich than in synapse- 
free portions of murine diaphragm. In the same experiments, 
we compared the abundance of actin mRNA in the two regions, 
using a cDNA probe specific for the skeletal muscle form of 
actin’*, Actin mRNA was equally distributed between synapse- 
rich and synapse-free samples (ratio of 1.1+0.2; mean+s.e.m. 
of six experiments), as expected for a protein present throughout 
the contractile apparatus of the muscle fibre. Furthermore, total 
yields of poly(A)” RNA per g of tissue did not differ greatly 
between synapse-rich and synapse-free samples. Thus, the 
enrichment of AChR mRNA in synaptic areas is a selective 
phenomenon. | 

Interestingly, the enrichment of a-subunit mRNA in synapse- 
rich samples (2.9+0.5-fold; range 1.8-4.6; n =6) was appreci- 
ably less than that of 5-subunit mRNA (9- and 14-fold in two 
experiments). This difference suggests that the transcription or 
processing of these two mRNA species is not regulated identi- 
cally. However, the exact values we obtained may underestimate, 
in three respects, the actual enrichment of. both AChR subunit 
mRNAs near synapses. First, synapses comprise only a small 
fraction of even the synapse-rich samples. If AChR mRNA were 
concentrated directly beneath the postsynaptic membrane, its 
level could be far higher in truly synaptic than in extrasynaptic 
areas Unfortunately, we have not yet been able to detect AChR 
mRNA (which comprises <0.001% of poly(A)” RNA in adult 
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Fig. 1 Location of neuromuscular junctions and nuclei in murine 
diaphragm muscle. a, A multinucleated muscle fibre, bearing a 
single neuromuscular junction approximately midway along its 
length. AChRs (x) are concentrated in the postsynaptic membrane. 
Nuclei are distributed along the length of the fibre, with a few 
invariably beneath the postsynaptic membrane. N, nerve terminal. 
This sketch shows only a portion of a fibre, which, at this scale, 
would be ~1 m long. b, A strip of diaphragm muscle. Axons leave 
the single nerve trunk to form synapses near the midpoint of muscle 
fibres. Arrows indicate approximately where muscles were cut to 
divide them into synapse-rich and synapse-free areas. c, Distribu- 
tion of neuromuscular junctions along a strip of diaphragm, deter- 
mined by counting cholinesterase-stained endplates on serial 100- 
yam sections. d, Distribution of AChRs in the same sections, 

assessed by binding of '7°J-a-bungarotoxin. e, Distribution of 
nuclei along diaphragm muscle fibres, determined electron micro- 
scopically. 

Methods. c, d, A sublethal dose of 125 7 - butigarotoxin (60 pmol; 

1,000 c.p.m. fmol™!) was injected into the thorax of a mouse’; 14h 
later, the animal was killed and the diaphragm was fixed in 4% 
paraformaldehyde. A 5-mm-wide strip of diaphragm, intact from 
origin to insertion, was cut into serial, 100-~m sections, which 
were counted in pairs ina y-counter. The sections were then stained 
for cholinesterase '* and mounted on slides; endplates were counted 
at a magnification of x400. e, Diaphragms were fixed in 1% 
glutaraldehyde plus 2% paraformaldehyde, and strips were cut 
into measured pieces, embedded in Araldite and sectioned for 
electron microscopy. Myonuclei were counted in 80-120 muscle 
fibres per section; average numbers of nuclei per muscle fibre 
cross-section were plotted. Satellite cell nuclei, which were <5% 
as- numerous as myonuclei, are not included in the counts. The 
figure combines data from two muscles. Using these data, a 
measured mean nuclear length of 11 pm and the formula in ref. 
15, we calculate that each murine diaphragm muscle fibre bears 

| ~ 500 nuclei. 


sunsets: calculated from refs 9 and 11) by in situ sigbiidiation, 
and therefore do not know its precise distribution. Second, we. 


i previously showed that levels of AChR a-subunit mRNA are 
.- 100-fold higher in denervated than in normally innervated adult 


muscles''. Thus, a few denervated fibres in our muscles could 








ve contributed significantly to. the signals detected in both 
napse-rich and synapse-free samples, 





be considerably more enriched in synaptic regions than- 
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Fig.2 Abundance of AChR a-subunit, AChR 5-subunit and actin 
mRNAs in synapse-rich and synapse-free segments of diaphragm 
muscle. Autoradiographs of Northern blots hybridized with th 
indicated **P-cDNAs are shown on the right; graphs on the le 
show the results obtained by densitometry of these autoradio 
graphs. 

Methods. Diaphragms from 100 adult male Swiss mice were 
into synapse-rich and synapse-free strips as shown in F 
Myotendinous junctions, which are known to bear some 
were discarded. Each muscle was dissected i in ice-cold s 


and the indicated amousits were fractionated ` 
transferred to nitrocellulose and probed with **P-cD} 
as described in ref. 11. Plasmids used were. paso. for A. 
_ subunit’, a pUC9 subclone of the 6H fragment for. th 

é- subunit®®, and p91-1 for actin'’. For A59 and 6H, cDN/ 
were excized with the appropriate restriction. nuclease é and pi 
by agarose gel electrophoresis before **P-labelling; 91-1 was 
led as intact plasmid. Autoradiographs were exposed for 7 
with intensifying screens for A59 and 6H, and for 12 h withor 
intensifying screen for. p9i- 1. Positions of 188 and 285 ribe 
RNA markers ‘are indicated. No nonspecific. hybridizatio 
observed with the stringency conditions used and, for each 
species detected in synapse-rich and synapse-f ree samples migr 

identically on gels. 


difference beige them. Finally, nerve branching patte: 
variable, and some neuromuscular junctions might hav: 
included in nominally synapse-free samples. Some a-s 
mRNA is clearly present extrasynaptically, in that its l 
synapse-free samples is ~30% of that in synapse-rich sa 
However, much of the 5-subunit mRNA detected in synap 
regions (<10% of the level in synapse-rich samples) © 
attributable to: imperfect dissection. Thus, ACHR. mRNA mi 


measurements indicate. - 
Our demonstration that AChR mRNA is concentrated 
synapses in adult muscle provides strong evidence that wae 



















































roi n turn, arise in any of several 
example, transport of AChR mRNA from nonsynap- 
naptic regions, increased stability of AChR mRNA near 
s or differential transcription of AChR subunit genes by 
ar to and far from synapses. Whereas these and other 
tives remain to be distinguished, the latter is of particular 








est. Although the 500 or so nuclei in each murine diaphragm 
le fibre are quite evenly distributed along the length of the 
(Fig. le), a few nuclei (~5) are regularly found directly 
th the postsynaptic membrane. These synapse-associated 
i, and the cytoplasm that surrounds them, are morphologi- 
istinguishable from nonsynaptic nuclei and cytoplasm”. 
peculate that AChR mRNA may be concentrated near and 
ribed preferentially by these few synaptic nuclei. As only 
of all muscle fibre nuclei (5 per 500) are synaptic, these 
i might transcribe orders-of-magnitude more AChR mRNA 
n do extrasynaptic nuclei. Thus, our results raise the possibil- 
hat synaptic and nonsynaptic nuclei within the cytoplasm 
single muscle fibre transcribe different sets of genes. 
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active complementary DNA cloning combined with partial 
quencing has allowed identification of the genes encoding 
3 subunits of T-cell receptors'~’. The subtractive cDNA 
pared from the cytotoxic T lymphocyte (T,) clone 2C 
ound to contain a third type of clone encoding the y 
The y gene shares several features with the a and B 
} assembly from gene segments resembling 
ulin V, J and C (respectively variable, joining and 
ion) DNA segments’; (2) rearrangement and 
cells and not in B cells”; (3) sequences reminiscent 
brane and intracytoplasmic regions of integral mem- 
us’; (4) a cysteine residue at the position expected for 
ilphide bond. The a and £ genes are expressed 
it levels in both T, cells and helper T cells (T,,)°"""'. 
ne, obtained from 2C, has been found to be expressed in 
s- studied’. Here we present evidence that strongly sug- 
hat T,, cells do not require y gene expression. 

pite the similarities noted above, the y gene differs from 
in several ways: (1) clonal diversity of y seems to be 
d to the region of the V-J join (refs”'®: also see below): 
fferential expression in T-cell development (y, B and a 
are expressed predominantly early, consistently and late, 
tively)'?; (3) different chromosomal locations (mouse a, 
-y genes are located on chromosomes 14 (refs 13, 14), 6 
5, 16) and 13 (ref. 13), respectively). On the basis of these 
rities and differences, we postulated that the y gene prod- 
ay be a component of a T-cell receptor involved in the 
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nition of the major histocompatibility complex (MHC) 


























d in synaptic areas. The uneven 


5 TONATURE 5 Q 








We thank Dorothy Dill for assistance, M. E uckingham and — 
N. Davidson for cDNAs, and Jon Covault and Jeff Lichtman 
for comments. This work was supported by grants from NIH 
and MDA. J.R.S. is an Established Investigator of the American 
Heart Association. 5 


Received 13 March: accepted 27 June 1985. 


. Fertuck, H. C. & Salpeter, M. M. J. Cell Biol 69, 144-158 (1976), 

. Salpeter, M. M. & Harris, R. J, Cell Biol 96, 1781-1785 (1983), 

- Berg, D. K. & Hall, Z. W. J. Physiol, Lond, 282, 771-789 (4975). 

. Burden, S$. Devi Biol 61, 79-85 (1977). 

- Reiness, C, G. & Weinberg, C. B. Devi Bigl. 84, 247-254 (1981). 

. Anderson, M. J. & Cohen, M. W. J. Physiol, Lond. 268, 787-773 (1977), 

. Ziskind-Conhaim, L., Geffen, L & Hall, Z. W. J. Neurosci. 4, 2346-2349 (1984). 

- Role, L, W., Matossian, V. R., O'Brien, R. J. & Fischbach, G. D. J. Neurosci, (in the press). 

. Merlie, J. P., Sebbane, R., Gardner, S. & Lindstrom, J. Proc. natn. Acad. Sci. U.S.A. 80, 

3845-3849 (1983), 

10. LaPolla, R. J., Mayne, K. M. & Davidson, N. Proc. nain, Acad. Sei USA. 8i, 7970-7974 
{1984}, 

H. Merlie, J. P., Isenberg, K. E., Russell, S. D. & Sanes, J. R. J, Cell Biol, 99, 332-335 (1984), 

12. Caravatti, M. er al J, molec. Biol 160, 59-76 (1982). 

13. Couteaux, R. in Structure and Funetion of Muscle Vol. 2 (ed. Bourne, G. H.) 483-530 
(Academic, New York, 1973). 

14. Karnovsky, M. J. J Cell Biol. 23, 217-232 (1964), 

18. Schmalbruch, H. & Hellhammer, U. Anat. Rec. 189, 169-176 (1977). 

16. Miledi, R., Reiser, G. & Uchitel, O. D. J. Physiol, Lond 380, 269-277 {19R4). 


NO OGO y h ae a b a 


molecule. An interesting question is whether T,, cells, which are 
ordinarily restricted by the class H MHC molecules, rearrange 
and express the same y gene known to be expressed in class 
I-restricted T, cells. This question is particularly intriguing in 
light of the findings that the two types of T cell use the same J 
and C gene segments and probably the same pool of V gene 
Segments in their rearranged and expressed a and B 
genes*”'”'®, We therefore analysed DNA from a panel of Ty 
hybridomas as well as the parental T lymphoma BW5147 for 
rearrangement of the y gene (Fig. la). As was found with T,-cell 
clones and T,, hybridomas studied previously*’, all demon- 
strated rearrangement. Northern analysis (Fig. 1b) revealed that 
the expression of the y gene is variable in the T,, hybridomas, 
ranging from ~30% of the level of a cloned T.-cell line, 2C, to 
levels undetectable even after prolonged exposure of film to the 
Northern filter (extended exposure not shown). No y messenger 
RNA was detected in the fusion partner BW5147. By contrast, 
all of these cells produced comparable amounts of mRNA 
encoding the T-cell receptor a-chain (Fig. tc. 

To determine the reason for the irregular expression of the y 
gene in Ty hybridomas, we studied four independent Tu 
hybridomas of different antigenic specificities which expressed 
y mRNA. (Tu hybridomas B8C3, C10 and C11A3 are described 
in Fig. 1 legend. Hybridoma B3C6 was obtained from a CAF, 
mouse and is autoreactive (anti-I-A‘)'’). From these hybridomas 
we prepared cDNA libraries, cloned the y cDNA and deter- 
mined the nucleotide sequences. The four T,,-derived sequences, 
one each from the four hybridomas, were identical and were 
>99% homologous at the nucleotide level to the T.-cell (2C) 
derived sequence. The most significant differences between the 
Tu-derived and the T.-derived sequences occur at the joining 
region of the V and J gene segments (Fig. 2). The 2C cDNA 
(pHDS 4) is encoded by the germline V108A DNA segment up 
to the second base of codon 99; coding by the germline J10.5 
segment starts at the second base of codon 100 (ref. 10). The 
dinucleotide AT links the V and J segment-coded regions in 
the proper translation frame, and is probably provided by a 
germline diversity (D) segment or a terminal transferase-like 
enzyme. (A similar mechanism has been proposed to explain 
the appearance at the joining regions of immunoglobulin gene 
sequences of nucleotides not encoded by the germline 
sequence™?!.) Although we have not confirmed the genomic 
structure of the Tyu hybridoma y genes, the limited diversity 
observed in the germline y-gene components justifies our pro- 
posing the following scheme. In the T,, hybridoma, cDNA 
(pOE15.3) coding by the germline V108A DNA segment ends 
with the first base of codon 98. Germline-encoded sequence 
resumes in J10.5 (ref. 10) at the second nucleotide of codon 99, 
one nucleotide before that which begins the 2C J segment. | 











As 


NATURE VOL. 317 5 SEPTEMBER 1985 


a b 
i 
San e G5] . 
S2Sos Su Btl=u — 1.8 kb 
zamaoaomaatata@moon - = 
kb 
23.1- -— -am ere 
g4- S T w rm 
66- = bey = Bau Steady 
C 


“epee? —18kb 


Fig. 1 a, Southern blot analysis” of Ty hybridoma DNA hybrid- 
ized to a C, gene probe. b, c, Northern blot analyses** of poly(A)* 
RNA from. T,, hybridomas hybridized to complete y gene (b) or 
a gene (c) probes. The Tu hybridoma B8C3 is of BALB/c origin 
and is specific for pork insulin®®. The Ty, hybridomas A6A2, A2, 
B14, C10 and C11A3 are all from B10.A mice and are directed 
against hen egg lysozyme (ref. 26 and L.G. and Paul Allen, manu- 
script in preparation.) 

Methods. a, DNA was isolated from T,, hybridomas, the fusion 
partner BW5147, BALB.B-derived T.-cell clone 2C, and from livers 
(AKR and BALB/c) or kidneys (B10. A) of inbred mice. DNA 
(10 ug) was digested with EcoRI and electrophoresed through 
0.8% agarose gel, transferred to nitrocellulose and hybridized with 
*2p.jabelled nick-translated probes in 50% formamide 5 xSSC at 
42 °C. Filters were washed at 65 °C in 0.2 x SSC. b, c, Approximately 
2 wg of poly(A)* RNA was denatured in 50% formamide at 65 °C 
and electrophoresed through a gel containing 1% agarose, 6. 6% 
formaldehyde in 20mM sodium phosphate buffer pH 7.0. The 
RNA was transferred to nitrocellulose and hybridized and washed 
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Fig.2 Nucleotide sequences of y cDNA clones at the V-J joint. 

The T,, hybridoma (B8C3) cDNA sequence is designated pOE15.3, 

that of the clone 2C, pHDS4. The nucleotides in parentheses are 

not encoded by germline sequences; their origin is discussed in 

the text. Numbers indicate codons, the asterisk a termination 

codon. All sequences were determined ‘ae the method of Maxam 
and Gilbert?’ 


Between the Tu hybridoma cDNA V and J segments there are 
three nucleotides, CCG, which are unaccounted for by the 
germline sequences and which may be the product of a D 
segment or a terminal transferase-like enzyme. Compared with 
the previously determined sequences of productively rearranged 
y gene (all from T, cells), the V-J join of the Ty hybridomas 
alters the translational reading frame such that the open reading 
frame terminates immediately after codon 99. Thus, none of the 
four cDNA clones isolated from as many T,, hybridomas can 
encode a complete y-chain. 

The cDNA libraries prepared from some of the four Ty 
hybridoma RNA may contain a second type of y cDNA clone, 
as was found to be the case with 2C (ref. 9). To test this 
possibility, we exploited the fact that the tetranucleotide CCGG 
at the V-J junction of the aberrant Ty cDNA clones is the 
recognition sequence of endonuclease MspI. We examined a 
total of 28 cDNA clones (7, 2, 10 and 9 from hybridomas B8C3, 
B3C6, C10 and C11A3, respectively) for the presence of the 
MspI site and found that all carry this restriction site (data not 
shown). As this Mspl cleavage site is located in the highly 
variable inserted sequence, these results strongly suggest that 
none of the four Ty hybridomas contains y mRNA other than 
the one represented by the sequenced cDNA clones. 

The presence of a unique, non-functional V-J joint in the y 


genes of four independently isolated T,, hybridomas of different 


an Peden bam eo sate MPE ITEN "S 


LETTERS TONATURE 





S, i E 
À- 
f 
E 
- b 
> 3 





Sp ia N > FUT 
- —— 
Mspi 






































4 
Fig. 3 Southern analyses of Ty hybridoma DNA digested \ 
MspI. The T,, hybridomas are described in Fig. 1 legend. Appro , 
mately 15 ug of DNA was digested with MspI and electropho ` 
in a 1.8% agarose gel. for a the DNA was transferred to diazoph- 

enylthioether paper (Schleicher & Schuell) and hybridized as g 
ommended by the manufacturer. Transfer and hybridization for 
was to nitrocellulose as described in Fig. 1 legend. The pre 
used are indicated, as are the relevant restriction sites in dete’ 
pOE15.3. L and 3’UT indicate the leader region and 3’ untranslated 


region respectively. 
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specificity is striking and is best explained by their having a 
common origin. The rearranged y alleles of the fusion partner 
BW5147 are the most likely source. Although this hypothesis is 
in apparent conflict with the Northern blot data (Fig. 15), iti 
possible that fusion with a splenic Ty cell activated the dorman i t 
BW5147-derived allele for transcription. The following result 
strongly suggests that this hypothesis is correct. 

The functionally rearranged V, gene segment expressed ir 
2C as well as its germline counterparts contains a single MspI 
site at nucleotide 303 (amino-acid residues 36-37). The nucleo- 
tide sequences of the T.-cell-derived cDNA clones, as wil 
the germline J-C clone, indicate that the next downstream MspI 
site on the productively rearranged y gene is located at nuc eo- 
u 551, at the boundary of the J region and the intron follow 

t™!0. These two MspI sites would yield a band of ~250 noi 20- 
tides (precisely 248 for 2C) in the Msp1-digested, T.-cell clone- 
derived DNA hybridized to a V, probe. The Msp! site 
at the aberrant V-J joint is at nucleotide position 488 of th 
coding sequence. MspI digestion of DNA containing this r 
rangement would result in a V,-hybridizing band 185 nuia 
tides in length. Figure 3 shows a Southern analysis of D] A 
from BW5147, Tu hybridomas and 2C. In BW5147 and the Th 
hybridomas examined, the 185-nucleotide band characteri 
of the aberrant rearrangement is present; as expected, no such Y 
band is present in the 2C DNA. These results indicate that t 
y RNA seen in some Ty hybridomas probably arises from th thi 
aberrantly rearranged allele of the fusion partner BW51 7. 
Although the significance of the activation of the BW5147 3 
gene in some hybridomas is obscure, the absence in any of the: se 
T, hybridomas of y mRNA capable of encoding a complete y Y 
protein, and the total absence of y mRNA in some Tw 
hybridomas suggests that the putative y polypeptide chain is 
not necessary for the function of Ty cells. 

One way to confirm the proposal that y gene expression i: is 
unnecessary in Tą cells is to analyse T,, clones (rather than Ty $ 
hybridomas), thereby avoiding the complications arising from 
the fusion partner. Although these T,, clones are relatively 
difficult to obtain, we derived several likely candidates from a _ 
mixed lymphocyte culture. These cells are negative for cell- 
surface antigen Lyt2 and positive for antigen L3T4, and prolifer- 
ate and secrete interleukin-2 (IL-2) when stimulated by cells of 
the appropriate haplotype; all these are characteristics of Tu 
cells. Southern analysis of these cells (Fig. 4a) indicates that- i, 
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a, Southern analysis of Ty-cell clones. The cloned T,,-cell 
sf 10, 18 and 20 were obtained from a BALB/c anti BALB.B 
lymphocyte culture. DNA was digested with EcoRI and 
į pn as described in Fig. 1a legend. The filter was hybridized 
with a C, probe. b, c, Northern analysis of T,,-cell clones and 
A T,-cell clone 2C. The methods used were as described for Fig. 1b. 
” Probes used: b, CL; & Cy. d, e, ern analysis of T, hybridomas 
 KD13 and MD26/15 and T,-cell clone 2C. The KD13 hybridoma 
resulted from the fusion of BW5147 with a product of a C3H 
_ anti-BALB/c mixed lymphocyte culture. KD13 expresses antigens 
_ L3T4 and Lfal but not Lyt2. Following stimulation by irradiated 
> -E*-bearing stimulator cells, KD13 lysed I-E*-bearing target cells 
and did not produce detectable levels of IL-2. MD26/15 is 
sam bed in ref. 22. Probes used were: d, C,, e, Cz. 
i s. A modification of the methods of Goldberg” and Bond 
d Farmer” was used. Approximately 15 yg of total cellular RNA 
as electrophoresed: in a gel containing 1.8% agarose, 2.2% formal- 
a | in a buffer of 40 mM MOPS, pH 7.2 and 50 mM sodium 
acetate, pH 7.0. After electrophoresis the gel was soaked briefly in 
; i )xSSC and transferred to nitrocellulose. Hybridization was per- 
med as described in Fig. la legend. Probes used: c, C,, d, Cp. 


wa ch clone contains an EcoRI fragment of 22 kilobases (kb), 
iting from rearrangement of the y genes. The other fragments 
> identical to those found in the embryonic configuration. 
revious hybridization analyses of T.-cell clones'” indicated that 
s 22-kb band, present in all T, cells, contains C-region se- 
quences but no detectable V-region sequence and that a 16-kb 
Tag ment, also present in all T, cells, is representative of a 
roductively rearranged y gene. This 16-kb band was not found 
J the clones with T,, phenotype. More significantly, Northern 
(Fig. 4b, c) of the RNA derived from these Ty clones 
howed normal levels of 8 mRNA but no indication of ymRNA, 
orting the contention that y gene expression is not essential 
mature Ty cells. 

The disparity of expression observed in the two major types 
of” cells, Te and Tu, of y mRNA capable of yielding a full-length 
| s lypeptide is in striking contrast to the ubiquitous and compar- 
he coyeese of the œa and 8 gene in the two cell types. It is 
stent, however, with the hypothesis that the role of the y 
lypeptide chain is to recognize the class I MHC gene product. 
` ı alternative possibility is that the y-chain is involved in 
of fec or function (that is, cytotoxicity). As a first attempt to 
listinguish between these two possibilities, we analysed RNA 
m a rare class II MHC-specific T, hybridoma, KD13 (J.L.G. 
| ta , manuscript in preparation; see Fig. 4 legend), as well as 
a T. hybridoma (MD 26/15)** conventionally restricted to class 
| aetna hybridoma expresses Lyt2. As shown in Fig. 4d, the 
ti agen hybridoma contained no detectable y mRNA 
the class I-restricted hybridoma did. As a control, the 
` RNA blot was analysed, after washing, with a B-gene 
robe. The autoradiogram showed a comparable level of B 
= 3 NA in both hybridomas (Fig. 4e). This result is consistent 
pitoe of the y-chain in the recognition of the class I MHC 
ct rather than in the effector function, although more 
ss Il-specific T, cells and also some class I-specific Ty cells 

sin > analysed before a firm conclusion can be drawn. 
Thu: the y gene, productively rearranged and expressed in 
ells and immature thymocytes, is not necessarily expressed 
n class Il MHC-restricted T,, hybridomas, alloreactive T,, 
clones and in a class II MHC-specific T, hybridoma. These 
results, together with the limited clonal diversity observed in 
thi: gene, suggest that the role of its gene product is in the 
recognition of class I MHC molecules. This recognition may 
ec during antigen presentation (MHC restriction) or during 
th he intrathymic selection of self-MHC-restricted T-cell subpopu- 
lations (thymus education) or both. One implication of this 
hypothesis is that the class Il-restricted T cells (mostly T,, cells) 
ar d/or their precursor thymocytes express a fourth type of gene, 
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the product of which is involved in recognition of the class II 
MHC gene products. If this is so, this gene has diverged too 
much to be detected with the probes available. 
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Note added in proof: We have recently found a new V, gene 
segment which does not cross-hybridize with the previously 
described V, gene segments. This new V, gene segment is 
rearranged to a J, gene segment in the 22-kb EcoRI fragment. 
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The ras oncogene product 
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Harvey (Ha-MSV) and Kirsten (Ki- MSV) murine sarcoma viruses 
induce tumours in animals and transform various cells in culture 
because of the expression of the ras oncogene product, p21 (ref. 
1). Proto-oncogenes homologous with these genes are highly con- 
served evolutionarily’ and activated ras oncogenes have been de- 
tected in many human cancers” ’. Whether c-ras oncogenes are 
directly responsible for human carcinogenesis is uncertain; 
however, it is clear that p21 mediates virus-induced transformation, 
although by an unknown mechanism. Epithelial and fibroblast cell 
lines transformed with Ha-MSV and Ki-MSV express p21 (ref. 
8) and exhibit reduced adenylate cyclase activity’'®. Like the 

nucleotide regulatory proteins, N, and N,, which mediate 
stimulation'' and inhibition'’, respectively, of adenylate cyclase, 
p21 is a membrane-associated GTP binding protein, which exhibits 
GTPase activity'*-'*. These similarities suggest that p21 and the 
adenylate cyclase regulatory proteins are related in cellular func- 
tion, and that p21 depresses adenylate cyclase by inhibiting the 
activity of N, or acting as N;. We have therefore now examined 
the structural and functional similarities between p21 and N, and 
N; and find no evidence that p21 regulates adenylate cyclase activity 
by acting as one of these regulatory proteins. 

Figure 1 shows that an anti-p21 monoclonal antibody (Y13- 
259) immunoprecipitated detectable amounts of **P-ADP- 
ribosylated N, (lane c) and N; (lane g) as compared with the 
controls with normal IgG (lanes a, e). The recovery, however, 
was quite low, as the intensity of the bands was far less than 
the input controls (1/20th of total inputs were applied to lanes 
d and h). When immunoprecipitates were washed with 0.1% 





Table 1 Reconstitution of p21 with $49 cyc” membranes 
pmol cAMP per min per mg 
Donor cyc membranes 

None 0 
p21 0 
Parental MDCK(X) §.25+0.55 

+p2l 5.66 + 0.44 
Ha-MSV MDCK(X) 5.97 + 0.40 

+p21 5.69 + 0.36 
c-ras 0 
v-ras 0 





Membranes (75 ug) from parental and Ha-MSV-transformed MDCK 
cells were solubilized with 1% sodium cholate and their catalytic activity 
was inactivated (X) by incubation at 25 °C 30 min before reconstitution 
with S49 cyc™ membranes as described elsewhere”’. E. coli-derived p21 
(p21) and p21 purified’ from parental (c-ras) and Ha-MSV-transformed 
membranes (v-ras) was treated identically. The amount of p21 per 
reconstitution was 250 pmol p21, 0.3 pmol v-ras or 0.8 pmol c-ras. All 
samples contained identical concentrations of detergent and buffer in 
the final reaction. Adenylate cyclase activity of the reconstituted hybrids 
was measured in the presence of 80 mM HEPES pH 8.0, 0.1% bovine 
serum albumin (BSA), 10mM MgCl, 1 mM dithiothreitol (DTT), 
0.5mM ATP, 1 mM theophylline, 50 uM GTP, I mM EDTA, 1 mM 
cyclic AMP, 2.6 mg m!~' phosphocreatine, 0.4 mg ml~ creatine phos- 
phokinase and 10 M isoprenaline. Data represent pmol cAMP per min 
per mg cyc™ membranes of triplicate determinations + s.d. There was 
no detectable activity of inactivated 0 MDCK membranes. 
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Fig. 1 Immunoprecipitation of ADP-ribosylated N, and N;. N, and N 
of Ha-MSV-transformed MDCK membranes were ADP-ribosylat ed 
with cholera or pertussis toxin, respectively, using **P-NAD (NEN) 
Membrane proteins were extracted with 50 mM Tris-HCl pH 7.5, 2 nd 
1% Triton X-100. Cholera toxin ADP-ribosylated protein (N,) (75, Lg g) 
was immunoprecipitated at 4°C with 1.2 ug of either normal rat gG 
(lane a) or anti-p21 monoclonal antibody Y13-259 (lanes b, c). F hed 
p21'é (13 pg) was added to reaction b. Immunoprecipitates were washed 
four times at 4°C with Tris-buffered saline containing 1% Triton a 
analysed by 12% polyacrylamide gel electrophoresis in the presence o f 
0.1% SDS". One-twentieth of the cholera toxin-labelled protein \ vas s 
directly applied to the gel (lane d). The same series of experiments va 
carried out with pertussis toxin ADP-ribosylated protein (N,) (l kor 
e-h). Purified p21 (65.ng) was autophosphorylated with "POTe) oS 
Ci mmol” ') and immunoprecipitated in the presence (lane i) or & 
(lane j) of purified p21 (13 wg). **P-pp21 (3 mg) was directly & 
to the gel (lane k). The gel was fixed, dried and ie fen 
autoradiography for 30 days (lanes a-h) or 3 days (j-k) at —70°C. 
markers are shown on the right. 
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SDS and 1% sodium deoxycholate, the bands were E à 
undetectable, indicating weak interaction. 
A purified p21 overproduced in Escherichia coli retains fu ull 
biochemical properties of GTP/GDP binding, autokinase and 
GTPase'®. We found that this purified p21 blocked the weak 
immunoprecipitation of N, (Fig. 1, lane b) and N; (lane 
indicating that the cross-reaction was specific to p21; in simila { 
conditions, ° P-labelled E. coli p21 was almost completely p 
cipitated (lane j). The fact that p21 has some sequence homology y 
to GTP binding proteins, which are related to the adenylate 
cyclase regulatory proteins'™'*, may explain the very weak cross: 
reactivity. Similar results were obtained with other anti-p21 
monoclonal antibodies, YA6-172 and Y13-238 (ref. 19 
However, polyclonal antisera to p21 from tumour-bearing rats’, 
and three mice monoclonal antibodies against E. coli p21 (S. 
Showalter and T.Y.S., unpublished observation), did not sig- 
nificantly immunoprecipitate N, or N;. E 
Despite the weak cross-reactivity of N, and N; with anti-p21 
antibodies, p21 did not serve as a substrate for cholera a 
pertussis toxin-catalysed ADP-ribosylation. Although func- 
tional p21 was present in Ha-MSV-transformed MDCK c ll i 
membrane preparations, there was no protein of the elec- 
trophoretic mobility of p21 [relative molecular mass ( M,) 21,0 0 
(21K)] which was labelled by **P-NAD in the total membrani 
lysates (Fig. 1, lanes d, h) or in the anti-p21 immunoprecipi tet yi 
(lanes c, g). 
To determine if p21 itself has N, function, we performe d 
membrane reconstitution experiments using S49 cyc mem- 
branes (Table 1). This mutant of S49 lymphoma cells lacks N, 
protein and thus serves as a convenient system to measu e 
functional N, activity™”. The concentration of p21 in hik e 
transformed MDCK cells is ~0.3-0.5 pmol per 50 pg membra 
protein. In the reconstitution experiments of Table 1, 250 pmol ol 
of purified E. coli-derived p21 was used in each reconstitution 
with 50 pg S49 cyc” membranes. Despite this 500-fold excess 
of p21, there was no detectable adenylate cyclase activity (Table 
1), in conditions where MDCK membrane N, preparations were 
effective in restoring activity to cyc membranes. Furthermore, 
excess p21 had no effect on the ability of N, preparations 
from parental or Ha-MSV-transformed MDCK membranes to 
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ylate cyclase activity of membranes following pertussis 
o toxin treatment E A 


-Basal PGE © NaF 
(pmol cAMP per min per mg) 
K 7.10.4 15.3+0.3  I46tl4 
7.3401  18.7+0.5. 178+0.5 
2.5+0.2 3.8+0.3 89+1.0. 
2.40.2 3.7 £0.4 9,0 +0.2 
14.8+0.7 25.4+0.8 40.7 + 4.0 
.21.9+£+0.7 38.1 +1.4 61.0+1.2 
13.1 £0.4 14.7 £0.3 20.2 + 1.2 
170404 189403 249413 





mbranes were treated with or without 10 pg ml~! activated (1 mM 
20 min, 30°C) pertussis toxin (PT) in 150 mM NaPO, pH 7.4, 
M thymidine, 0.5 mM ATP, 50 pM GTP, 1 mM NAD for 15 min 
C. The reaction was terminated with cold 25 mM HEPES pH 7.5, 
embranes were centrifuged and resuspended in 20 mM Tris pH 
enylate cyclase activity was measured as described elsewhere’. 
‘present the average of triplicate determinations + s.d. 

















Effect of p21 on MDCK adenylate cyclase activity 
Soa ad een eee ee adits RSet he a Ra 
Adenylate cyclase activity 
Basal 100 uM forskolin 


(pmol cAMP per min mg protein) 





0.49 + 0.02 7,740.6 
+p 0.45 +0.03 10.9+0.8 
Ha-MSV MDCK 0.33 +0.03 3.2+0.2 
gy? 0.33+0.02 4.2+0.3 




















_E.-coli-derived p21 (250 pmol) was reconstituted into (50 pg) parental 

Ha-MSV-transformed MDCK cell membranes as in Table 1. Adeny- 
te cyclase activity of the reconstituted hybrids was measured in the 
bsence (basal) or presence of 100 pM forskolin. Data represent the 
verage +s.d. of triplicate determinations. 


onstitute isoprenaline responsiveness of 249 cyc” membranes 
Table 1), excluding an indirect effect of p21 on the function 
TEN, 

We performed parallel reconstitution experiments with p21 
fied from parental (c-ras) and Ha-MSV-transformed (v-ras) 
iembranes (Table 1). It is known that p21 is post-transla- 
ly processed in mammalian cells by fatty acid modification, 
mably to facilitate membrane association”'. Although p21 
duced in £. coli has full biochemical activities, it is not 
"by fatty acid modification. However, as seen with E. 
ived p21, neither c-ras (0.8 pmol per 50 ug membrane) 
as (0.3 pmol per 50 ug membrane) p21 reconstituted 
e cyclase activity of S49 cyc” membranes. 
re 






















: When MDCK cell membranes were ADP-ribosylated 
rtussis toxin (Table 2), there was a small (20% ) increase 
glandin E- and NaF-stimulated activity in parental but 
ansformed membranes. In parallel experiments with NRK 
oxin treatment increased basal, PGE- and NaF-stimulated 
s by 50% in parental and 30% in transformed mem- 





‘when a 500-fold excess of purified p21 was recon- 
to parental and Ha-MSV-transformed MDCK cell 
es (Table 3), there was no change in either basal or 
stimulated adenylate cyclase activity in either mem- 
\ decrease in adenylate cyclase activity of parental mem- 
n the presence of p21 would be expected if p21 func- 
ed as N,. Coupled with the finding that pertussis toxin had 
e effect on transformed cells, the data suggest that p21 does 





decrease adenylate cyclase activity by acting as Nj. 





The similarities between p21 and other GTP binding proteins, 
including the adenylate cyclase regulatory proteins, have sug- 
gested that these proteins are functionally related. Such specula- 
tion has been supported by studies with yeast” which demon- 


_ Strated that both human and yeast ras genes restored adenylate 


cyclase activity to ras” yeast mutants. Although p21 shares some 
sequence homology'’**’° and slight immune cross-reactivity 
(Fig. 1) with N, and N,, the present studies find no evidence to 


` indicate that p21 regulates mammalian adenylate cyclase. This | 
_ conclusion is supported by studies with purified adenylate cyc- | 
_ lase components. Purified p21 was not significantly ADP-ribosy- 


lated by cholera toxin (R. Kahn and A. G. Gilman, personal. 


communication), in conditions optimal for labelling N, (ref. 
26). Additionally, a 10,000-fold excess of purified p21 had no 
effect on adenylate cyclase activity (R. Kahn and A. G. Gilman, 


personal communication) in a functional assay” of purified a/ B 
interactions. Adenylate cyclase regulation in mammalian cells 
seems to differ from that of yeast. For example, there is no ` 
known ligand that regulates adenylate cyclase activity in yeast 
by a receptor-mediated mechanism. 

However, it is tempting to speculate that p21 functions in a 
very similar manner to that of guanine nucleotide regulatory 
proteins in membrane signal transduction. Evidence suggests 
that an entire family of GTP binding proteins, with properties 
similar to those of p21, regulates various signal transducing 
mechanisms**. The GTPase activity of activated ras oncogenes 
is very much less than that of the proto-oncogenes'*, If the 
hydrolysis of GTP to GDP is the mechanism that turns off p21 
function, reduced GTPase activity in the activated p21 would 
result in sustained stimulation of its cellular effectors. Although 
the relationship between GTP binding and hydrolysis and trans- 
formation by p21 is unclear, our present studies suggest that 
the biochemical similarities between p21 and the guanine 
nucleotide regulatory proteins of adenylate cyclase are not 
directly responsible for the decreased adenylate cyclase activity 
which accompanies viral transformation. Given the important 
role of protein phosphorylation in regulating cell growth and 
function”®, it is not surprising that adenylate cyclase is affected 
by viral transformation. Our present studies suggest that as yet 
undetermined functions of p21 are more relevant to this ċon- 
sequence of transformation. 
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A novel brain ATPase with 
_ properties expected for 
the fast axonal transport motor 


Scott T. Brady 


Department of Cell Biology, University of Texas Health Science 
Center, 5323 Harry Hines Blvd, Dallas, Texas 75235, USA 


Identification of the ATPase involved in fast axonal transport of 
membranous organelles has proven difficult. Myosin and dynein, 
other ATPases known to be involved in cell motility, have properties 
that are inconsistent with the established properties of fast axonal 
transport'*, an essential component of which is readily solubilized 
in physiological buffer conditions rather than being stably associ- 
ated with either membranous organelles? or cytoskeletal elements’. 
Adenylyl imidodiphosphate (AMP-PNP), a nonhydrolysable 
analogue of ATP, is a potent inhibitor of fast axonal transport 
that results in a stable interaction of membranous organelles with 
microtubules'*. Here we report the identification and partial 
characterization of an ATPase activity from brain whose binding 
to microtubules is stabilized by AMP-PNP. This ATPase activity 
seems to be associated with a polypeptide of relative molecular 
mass (M,) 130,000 that is highly enriched in microtubule pellets 
after incubation with AMP-PNP and a soluble fraction from chick 
brain. This novel ATPase fraction has the predicted characteristics 
of the motor involved in fast axonal transport. Common features 
between the ATPase and fast axonal transport include interaction 
with the cytoskeleton in the presence of AMP-PNP, ready 
extractability, no Ca** dependence and inhibition by EDTA". 

Samples of microtubules®, incubated with a soluble fraction 
of chick brain, in ATP or AMP-PNP were analysed by gel 
electrophoresis (Figs 1, 2), by electron microscopy (Fig. 3) and 
for ATPase activity (see Table 1). Final pellets were resuspended 
in MH buffer and assayed for ATPase activity as described in 
Table 1. A heat-labile ATPase was found to be preferentially 
associated with the AMP-PNP pellet (see Table 1). Activity of 
this ATPase is high in the presence of 1 mM EGTA and Mg”’, 
but inhibited if 5SmM EDTA was added instead of EGTA. The 
differential effects of EGTA and EDTA indicate dependence 
on a divalent cation, but not Ca** 

Two major differences in the composition of labelled polypep- 
tides associated with the AMP-PNPand ATP pellets are revealed 
by SDS gel electrophoresis (Fig. 1a). First, the concentration of 
an M, 43,000 (43K) polypeptide is significantly increased in the 
AMP-PNP pellet (arrow in Fig. 1). This protein co-migrates with 
actin in two-dimensional gels (arrow in Fig.2) and no other 
polypeptide of comparable M, increases in concentration. When 
samples of S2 are incubated without addition of microtubule 
protein and processed in parallel, the amount of actin in the 
pellet is the same for both AMP-PNP and ATP (Fig. 1b). Thus, 
the increase in the amount of actin in the pellet is dependent 
on the presence both of microtubules and of AMP-PNP. 

The second major difference is a highly enriched 130K poly- 
peptide in the AMP-PNP pellet (arrowheads in Figs 1, 2). The 
130K polypeptide is a novel microtubule associated protein: it 
is not readily detectable in cycled microtubules from rat or 
baboon brain or in taxol-polymerized microtubules from chick 
brain (Fig. 1b). It appears in the pellet only if both microtubules 
and AMP-PNP are present ( Fig. 1). Under the conditions of the 
present experiments, the 130K protein is in a soluble form and 
becomes stably associated with microtubules only in the pres- 
ence of AMP-PNP. A similar protein has been detected in pellets 
prepared from rat brain by the same procedure (data not shown). 

A few additional minor differences in polypeptide composi- 
tion can be detected, but these differences are more variable. 
Significantly, no differences were detected in the high M, regions 
of the gel (>200K), where myosin and dynein, if present, would 
appear. Both ATP and AMP-PNP promote release of myosin 
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Fig. 1 Electrophoresis analysis of labelled polypeptides in AMP-PNP and 
ATP microtubule fractions. a, Four fractions were taken from each sample 
tube: top half of the sample (lanes 1, 8), bottom half of the sample including _ 
the interface between sample and sucrose (lanes 2, 7), sucrose fraction (lanes 
3, 6) and pellets (lanes 4, 5). Lanes 1-4 are from a sample incubated with 
10mM AMP-PNP; lanes 5-8 were incubated with ATP. Matching pairs 
(1/8, 2/7, 3/6 and 4/5) were loaded for equal counts, Little or no qualitative — ~ 
difference can be detected between the pairs of supernatant fractions ( 1/8, 
2/7 and 3/6). However, two major differences are apparent between the 
AMP-PNP pellet (lane 4) and the ATP pellet (lane 5): an increase in the _ 
relative amount of a 43K protein in the AMP-PNP pellet (arrows) and the t 
appearance of a 130K band with AMP-PNP, but not ATP (arrowheads). 
The absence of a dramatic difference in the 130K range for the soluble 
fractions of the ATP emphasizes the amount of enrichment for this polypep- — 
tide in the AMP-PNP pellet. b, Lanes 9 and 10 show the pattern of labelled 
proteins in the pellets when no unlabelled microtubule protein is added to — 
the sample. No differences are detected between AMP-PNP (lane 9) and 
ATP (lane 10) pellets. Lane 11 is a sample of the labelled microtubule — 
protein from chick brain polymerized by taxol. Note that although labelled — 
proteins corresponding in mass to the high M, and 7 microtubule-associated 
proteins are visible, no band corresponding to the 130K ATPase is detected. 
A few additional minor differences can be noted between lanes 4 and 5 (for _ 
example, a band of ~60K is enriched in the AMP-PNP pellet), but these A 
are less consistent features of the pellet fractions. 
Methods. The brains of 2-7-day-old chicks were injected with 1 mCi of “sim 
methionine in 25 ul physiological saline and 4-6 h after injection, the chicks | 
were killed and the brains homogenized in two volumes of cold MH buffer à 
(0.1 M PIPES, pH 6.94; 1I mM EGTA, 1 mM MgCl, 1 mM GTP and 0.5 
ATP). The homogenate was incubated on ice for 30 min, then centrifuged 
for 60 min at 32,000 g at 4°C. The supernatnant was made 10 uM in taxol, — 
incubated at 37 °C for 30 min and centrifuged at 40,000 g for 30 min at 25 
All endogeneous labelled tubulin and microtubule-associated proteins are 
effectively removed from the supernatant (S2) by this step. The microtuble- 4 
depleted supernatant (S2) was combined with an equal volume of unlabelled — 
baboon or rat brain microtubule protein (prepared as described in ref. 6) 7 
in MP buffer containing 20 mM AMP-PNP or 20mM ATP to give a final 
concentration of 0.1M PIPES (pH 6.94), 1.0mM GTP, 0.25mM ATP, 
0.5mM MgCl), 10 yM Taxol and either 10 mM AMP-PNP or 10 mM ATP. 
After incubation for 30 min at 37 °C, aliquots were prepared for centrifuga- _ 
tion by layering onto a cushion of 1.0 M sucrose in MP buffer containing A l 
either 10 mM AMP-PNP or 10mM ATP as appropriate, Samples were 
centrifuged for 180 min at 114,000g at 25 °C. Soluble proteins were precipi- ; 
tated with methanol and all pellets were resuspended in 0.5% SDS, 8 M 
urea and 2% 2-mercaptoethanol for analysis on a 6-17.5% polyacrylamide 
slab gel by a modification of the method of Laemmli’. Labelled polypeptides 
were visualized by fluorography'’. Some samples were also analysed on 
4-17.5% slab gels which give better resolution of high M, polypeptides. 


















from actin’ and dynein from the microtubule B subfibre®®? 
the concentrations used in these experiments, so no significai , 3 
differences in myosin or dynein content would be oem 
between AMP-PNP and ATP pellets. -A 
In some experiments, the pellets were fixed and processed 
for electron microscopy as described in Fig. 3 legend. The AMP- 
PNP microtubules (Fig.3a,c) are ‘decorated’ with Rr ' 
occasionally regularly spaced sidearms. In addition, a consider- 
able amount of electron-dense matrix material and more 
frequent membranous profiles are present. These are distinct 
from the less frequent sidearms and overall clean appearance - 
of the ATP microtubules (Fig. 3b, d ; ref. 10). A 
The correlation between increased ATPase activity and 
enrichment of the 130K protein suggests that this polypeptide ; 
represents a component of the ATPase protein. Actin is the only 
other protein that is comparably increased, but it does not have- 
a suitable ATPase activity. Therefore, it is probable that the — 
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Fig.2 Two-dimensional gel elec- 
trophoresis of labelled polypeptides 
in a, AMP-PNP and b, ATP pellets. 
Samples prepared as described in 
Fig. | for SDS gel electrophoresis 
were diluted in 2 vol of lysis buffer 
(8% Triton X-100, 1.6 pH 5-7 Phar- 
malytes, 0.4% pH 3-10 Pharmalytes, 
5% 2-mercaptoethanol and 9M 
urea). Samples were analysed using 
a modification of the O'Farrell 
method?” with 6-17.5% slab gels in 
the second dimension. Both the 
major differences noted in SDS elec- 
trophoresis result from changes in a 
Single polypeptide of the corre- 
sponding M,. The increased amount 
of label at 43K co-migrates with actin 
(arrow). The 130K band in the ATP 
pellet runs as a single spot with a 
streak towards the basic end of the 
gel (arrowhead in a). No label is 
detectable in the comparable region 
of the gel for the ATP pellet (arrow- 
head in b). 


200 — 


ATPase activity associated with microtubules in the presence 
of AMP-PNP corresponds to the 130K protein. A partial charac- 
terization of this ATPase indicates that it does not correspond 
to previously described microtubule-associated ATPases. The 
observations are consistent with the hypothesis that the ATPase 
activity and the 130K protein interact with the microtubule in 
an ATP-dependent manner, that is, that binding of ATP (or 
AMP-PNP) facilitates interaction of the protein with a micro- 
tubule and hydrolysis of ATP promotes release. The result would 
be an ATP-dependent cycle of binding to and release of the 





Table 1 ATPase activity in AMP-PNP and ATP pellets 





uM phosphate 


released per 
mg of protein 
MH buffer (EGTA, Mg’*) per min 
AMP-PNP 0.280 
ATP 0.078 
EDTA MH buffer (no divalent cations) 
AMP-PNP 0.056 
ATP 0.032 
Heat-treated sample 
AMP-PNP 0.097 
ATP 0.078 





The final pellets (see Fig. 1 legend) were resuspended in MH buffer 
containing 104M taxol to give a final protein concentration of 20- 
30 xg ml’. Aliquots of sample were added to appropriate buffers con- 
taining the substrate to start the incubation. For the EDTA experiments, 
MH buffer was modified by elimination of MgCl, and replacement of 
the EGTA by 5mM EDTA. In the heat-denaturation experiments, 
sample aliquots were heated for 15 min in a Dribath temperature block 
at 100°C before addition of substrate. Sample assays were stopped 
immediately with isobutanol to determine initial phosphate levels or 
incubated for 10 min at 37 °C. ATPase activity was measured by deter- 
mining the amount of inorganic phosphate released using the method 
of Marsh’®. The assay was calibrated against a sodium phosphate 
standard. Initial ATP concentration was 10 mM in the appropriate MH 
buffer for all experiments. The relatively high level of ATP was used to 
minimize effects from residual AMP-PNP in the AMP-PNP pellet. 
Previous studies* showed that 10 mM ATP reversed the inhibition of 
movement by 1 mM AMP-PNP. As a result, all of these ATPase activities 
represent relative activities and are likely to be underestimates of the 
activity associated with the AMP-PNP pellet. Protein concentration was 
determined by the fluorescamine method"? for each aliquot after assay 
for ATPase activity. Pellets were each assayed 5-10 times and the values 
in the table are the means of these experiments (variance 10-20% ). 








protein from the microtubule. With the concentration of ATP 
used in these studies, the ATPase activity would result in the 
ATPase being primarily in the released or soluble state. 

The increased association of actin with the AMP-PNP pellet 
is particularly interesting given that agents that disrupt actin 
microfilaments also inhibit fast axonal transport'''’; these 
observations are difficult to reconcile with reports that only 
microtubules are involved in translocation of membranous 
organelles'*:'*. The precise role and form of the associated actin 
remains to be determined, but the evidence suggests that it plays 
a role in axonal transport in vivo. Identification of microfilaments 
in the pellets and the precise relationship of this actin to the 
130K protein and the microtubule is an important next step. 

All the observed properties of the ATPase activity are con- 
sistent with the predicted properties for an ATPase involved in 
fast axonal transport, such as lack of a Ca** dependence and 
inhibition by EDTA in concentrations sufficient to chelate Mg** 
in the buffer’. In the presence of ATP, the 130K protein and 
associated ATPase activity are easily solubilized and show 
minimal stable binding to microtubules. Extraction of axoplasm 
in a physiological buffer that approximates the small M, compo- 
sition of axoplasm but no added ATP’ causes a gradual loss of 
activity with little decoration of microtubules by vesicles'?* and 
a soluble fraction of squid axoplasm has recently been shown 
to promote movement of vesicles on microtubules*. However, 
in the presence of AMP-PNP, the 130K protein and associated 
ATPase activity are stably associated with the microtubule and 
the vesicles are stably associated with the microtubules in axo- 
plasm'”. Finally, note that the AMP-PNP stabilization of bind- 
ing occurs in the presence of 0.2mM ATP and 1mM GTP, 
conditions that would cause dissociation of myosin from actin’ 
and dynein from the B microtubule*”. Inhibition of fast axonal 
transport by AMP-PNP also occurs in the presence of almost 
stoichiometric concentrations of ATP”. 

The 130K protein and associated ATPase activity are strong 
candidates for components of the fast axonal transport ‘motor’, 
Experiments designed to measure the binding of this protein to 
the vesicle component and demonstration of movement are 
currently in progress. The demonstration that fast axonal trans- 
port and related processes are based on a unique mechanism, 
distinct from previously defined molecular mechanisms of cell 
motility, is a major advance’. The experiments reported here 
are first steps toward identifying the molecular components of 
that motile machinery and understanding the molecular mechan- 
isms of axonal transport. 

(During the preparation of this manuscript, I learned that, 
based on our earlier work with AMP-PNP'”, Vale ef al. have 
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Fig. 3 Electron micrographs of microtubules and associated 
materials in AMP-PNP and ATP pellets. a, c AMP-PNP-treated 
pellet; b, d, ATP treated pellet. The amount of material associated 
with the AMP-PNP microtubules (a, c) is much greater than with 
the ATP microtubules (b, d). The associated material includes more 
frequent membranous structures (arrows in a) and a large amount 
of relatively amorphous material similar to the granulofilamentous 
matrix associated with microtubule domains in the axon*', The 
sidearms on the microtubules also appear to differ between the 
two pellets. On the AMP-PNP microtubules, the sidearms are more 
numerous and regular in appearance (see arrowheads in c). The 
sidearms on the ATP microtubules are variable in length and less 
frequently observed. 

Methods. All pellets were fixed for 2 h at room temperature in 2% 
glutaraldehyde with 1% tannic acid in 01.M phosphate buffer 
(pH 7.4). Samples were post-fixed for 1 h at room temperature in 
1% osmium tetroxide in the same buffer with no tannic acid. The 
fixed pellets were stained en bloc overnight with 0.5% uranyl 
acetate, dehydrated through graded alcohols and embedded in 
Epon 812. After thin sectioning, samples were stained with uranyl 
acetate and lead citrate. Bars, 0.2 um. All micrographs were taken 

using a Jeol 100C transmission electron microscope. 


used AMP-PNP to enrich for a similar sized protein from a 
soluble fraction from squid optic lobe* that promotes motility 
in their assay~’.) 
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Cellular growth control and differentiation have been shown to be 
dependent on both cell-cell and cell-substrate contacts’. Interac- 
tions of cells with extracellular material are critical events during 
embryonic development and maintenance of tissue function”. — 
Plasma membrane receptors have been described for components — 
of the extracellular matrix such as fibronectin, laminin and various 
collagen types’. Transmembrane signalling has been shown to be 
influenced by the lateral mobilities of the plasma membrane con- 
stituents“. The interaction of cells with their extracellular matrix 
could thus have a significant effect on the mobility properties of — 
the plasma membrane components’. Here we have studied the ‘ 
dynamic properties of fluorescent membrane phospholipids in — 
bovine endothelial cells using fluorescence recovery after photo- — 
bleaching measurements. At this molecular level we find that the - 
phospholipid lateral diffusion coefficient is dependent on the sub- — 
strate upon which cells are allowed to adhere (collagen, fibronectin 
or a natural basement membrane) and on the topography of the 
cell (basal versus apical plasma membrane). 

Bovine pulmonary artery endothelial cells (BAEC) were 
established from primary cultures and grown in Dulbecco's — 
minimal essential medium (Gibco) containing 10% fetal calf — 
serum (Hyclone). We used cells between passages 3 and 10; 
their endothelial origin was confirmed by the presence of cyto- 
plasmic factor VIII antigen and membrane angiotensin convert- 
ing enzyme. These cells secrete a dense extracellular matrix 
(ECM) and exhibit polarized functional properties®. Cells were 
grown on glass coverslips pretreated by incubation at 37 °C for 
30 min with a 10 pg ml” solution in phosphate-buffered saline 
of either fibronectin (Sigma) or collagen type I (Collagen Corp. — 
or Worthington). Alternatively, cells were grown to confluence 
on glass coverslips, basement membranes were prepared by — 
treatment with mild detergent and alkali’. Cells for experi- — 
ments were allowed to adhere to these ECMs. All cells © 
were used within 2 days after plating. A fluorescent phospho- 
lipid markers, 1 palmitoyl-2-[6-[(7-nitro-2-1,3-benzoadiazol-4- — 
yl)amino]caproy!]phosphatidylcholine (NBD-PPC) was incor- 
porated in the cells as described elsewhere’. 

Experiments were preformed at 10°C in order to slow 
endocytosis and ensure an essentially membranal localization 
of the dye within the timeframe of measurements. Lateral 
diffusion was assessed by the technique of fluorescence recovery 





* Permanent address: Inserm U256, Hôpital Broussais, 75014 Paris, France. 





i e 2 an ` image consisting of 
and dark lines is projected on a sample con- 
fluorescent probe molecules, to obtain a periodic vari- 
of fluorescence intensity as a function of position. After 
ser-generated photobleaching, the subsequent redistribu- 
fluorescence intensity is measured with a photomultiplier 
ields information about the lateral motion (for example, 
mn) of the probe molecules’. Diffusion coefficients (D) 
calculated from the FRAP curves by fitting to a single 
nential as a function of time (Table 1). For cells grown on 
ctin or collagen type I, the calculated D of NBD-PPC 
ry similar (~7 x 107? cm’ s~'). When cells were layered 
M, D was significantly lower (0.96 X 107° cm’s"'). It 
be pointed out that in the case of cells on ECM, the 
ry curves appeared to follow a double-exponential func- 
In this case the D calculated by single exponential fitting 
nts an average coefficient. 
stablishing ; an effect of the substrate type on the lateral 
properties of the lipid fluorescent probe, we wished 
ssess whether this effect was uniform over the cell plasma 
smbrane. To distinguish between the fluorescent lipid mobility 
the apical and basal plasma membrane, cells were grown on 
ilcon wafers (lot no. 6263, orientation type N(100)CZ, pur- 
hased from Aurel Co. with a natural oxide layer of thickness 
s30 A). The basal plasma membrane is close enough to allow 
nergy transfer from the membrane dye to the semiconductor’? 
ien this fluorescence is quenched, only the apical membrane 
fluorescence contributes to the FRAP measurements. 
Fluorescence quenching was investigated in detail by using 
physically well-defined system. Lipid monolayers containing 
% of fluorescent dye were coated on silicon wafers with ther- 
nally grown oxide layers of varying thickness. Figure 1 shows 
\e decrease in fluorescence intensity as a function of the silicon 
ide layer thickness. For dye-silicon distances <200 A, the 
aeasured fluorescence intensity was reduced by more than an 
rder of magnitude. Two physical effects contribute to the 
fluorescence decrease for small distances. First, the excitation 
ntensity is reduced for distances smaller than A/4 due to 
estructive interference of the incoming wave with the partially 
eflected wave from the silicon/silicon oxide boundary'. 
econd, the semiconductor functions as fluorescence acceptor 
nergy transfer (R. Silbey, personal communication). The 
tter mechanism is only partially understood and is the subject 
urrent research. 
o assess both effects we overlayed the expected fluorescence 
tation curve with the calculated energy transfer following a 







































Support 
. Glass coverslip 
Silicon 
Silicon oxide 


agen type 1 Glass coverslip 
i Silicon 

Silicon oxide 
Glass coverslip 
Silicon 

Silicon oxide 


onectin 


Diffusion coefficient 
of NBD-PPC 
(D+s.d., em? 57!) 


. 0.96 + 0.28 x 107? 
8.00+ 0.24 x 10°? 
0,90 +0,27 x 107? 


7.00 + 0.21 x 107? 
—8.20+0.25 x 107? 
8.00 + 0.24 x 10°? 


7.50+0.22 107? 
7.50+0.22 x10? 
7.20 +0.21 x107° 


(Ro/ dY dependence according to the pam geometry Förster ma 
equation!®, where d is the distance between fluorescence donor 
and acceptor, in our case the silicon surface (Fig. 1). As Férster 
radius we assumed Ry = 200 A, a value that we expected to be 
realistic for our experimental set-up. As can be seen in Fig. 1, 
the resulting theoretical curve agrees well with the experimental 
data, supporting our estimate of the efficiency of fluorescence 
energy transfer from the dye to the silicon surface. 

The thickness of the natural ECM is ~70A (ref. 2). The 
artificial supports used in our experiments were measured by 
ellipsometry (data not shown) and found to have a thickness . 
of 35+10A and 50+10A for fibronectin and collagen respec- 
tively. With a plasma membrane thickness of 80 A and a natural 
silicon oxide layer of ~30 A, the fluorescent lipid in the basal 
plasma membrane of cells grown on silicon is about 150A 
distant from the semiconductor surface and is thus quenched 
by more than 90%. As a control for the cells grown on the 
silicon wafers with natural oxide, FRAP measurements were 
also performed on cells grown on silicon with thermally grown 
oxide layers ~9,000 A thick, where no energy transfer occurs ` 
between the basal plasma membrane dye and the semiconductor. 
In addition, for these distances the wave interference effects are 
averaged by the aperture angle of illumination. 

No gross morphological changes (cell shape, actin and tubulin 
immunofluorescence) were observed when cells were grown on 
the silicon surfaces. There was no significant change in the 
lateral mobility of the phospholipid probe for endothelial cells 
grown on collagen or fibronectin, both on silicon and silicon 
oxide surfaces compared with glass coverslips (Table 1). When 
cells were grown on ECM, however, there was a clear induction 
of asymmetry of membrane properties. Diffusion coefficients 
for NBD- PPC of about one order of magnitude larger (8 x 
10°? cm’ s~') were measured on silicon where only the apical 
surface was assessed, compared with that measured on silicon 
oxide and glass coverslips (0.90 and 0.96 x 107° cm? s~! respec- 
tively), where both apical and basal membranes were assessed. 

In the case of cells grown on ECM on silicon surfaces with 
a thick oxide layer, FRAP recovery curves followed a double- 
exponential function, in contrast to clear single-exponential 
FRAP curves for cells grown on all supports on silicon surfaces 
with a natural oxide layer. The double-exponential recovery 


curve doubtless reflects the heterogeneity of D. The resolution 


of the components of the multifunctional FRAP curves will be 
presented elsewhere (M.N. et al, in preparation). 

Note that although ~35% of the phospholipids were essen- 
tially immobile in the time range of our FRAP measurements, 
this does not imply their direct involvement in the framework 


le 1 Lateral mobility of NBD-PPC in endothelial cells grown on different supports on glass coverslips, silicon or silicon oxide surfaces 


No. of experiments 


Mobile fraction (No. of measurements 


(% +s.d.) for each experiment) 
68 +5 12 (6) 
7044 12 (6) — 
60+ 5 12 (6) © 
5645 12 (6) 
6044 12 (6) 
6445 12 (6) 
4844 12 (5) 
6445 12 (5) 
6045 12 (5). 


Is prelabelled with NBD-PPC on adhe coverslips or silicon surfaces were mounted under phosphate-buffered saline on microscope slides 

spacer, Cells were epi-illuminated with 488-nm line of an argon ion laser (Spectra Physics 265) on a Zeiss Photomicroscope IH. NBD 

escence was detected by a photomultiplier (RCA 34103A) at —30°C interfaced to an Archives microcomputer. Photobleaching parameters 

ective 40 x 0.65 numerical aperture, Ronchi ruling periodicity in the objective plane 8.5 um, observation and bleaching laser powers 0.25 | 
W. No change in recovery time was observed with a doubling in bleach duration and no significant recovery occurred when the Ronchi 

as removed. The diffusion coefficient (D, cm’ sec”) and the mobile fraction (%) were calculated from the slope and the amplitude of the | 


P curves. 
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Fig. 1 Fluorescence intensity as a function. of silicon-dye dis- 
-Cances (1, The measured fluorescence intensities of an egg-PC 
ee monolayer containing 2% NBD-PPC coated on silicon wafers with 
= various thicknesses (d) of the oxide layer. The excitation intensity 
(---) was calculated assuming that the phospholipid monolayer 
has the same refractive index as the oxide layer (m= 1.45). The 
system can thus be treated as a semiconductor (ñ = 4.36/0.07) with 
a dielectric layer on the surface. The excitation of the dye is given 
by the superposition of the wave that is transmitted into the 
dielectric medium and the multiple reflections at the boundaries. 
Note that the dye is within the dielectric layer at the boundary to 
the halfspace. The intensity (7) in-this case is given by'': I= 
1~-0.77 cosB, where B = (4and/A). Within the aperture angle of 
10°, the incidence angle stays close enough to 90° so that polariz- 
ation effects can be neglected. The dotted curve was multiplied 
with [1 — (R/ (Rè + d°))] to take into account the fact that the 
excitation is quenched by dipole interaction with the semiconduc- 
tor and yields the solid curve. Fluorescence intensity was also 
measured on a substance consisting of a coverslip on a silicon 
wafer with water between them as a model for the apical membrane 
(©). Silicon wafers (Monsanto Co., Orientation N100) with either 
natural (30 A) or thermally grown oxide layers were coated using 
the Langmuir-Blodgett technique at a constant pressure of 
38mN m`'. Fluorescence was measured with a Spex Fluorolog in 
front surface mode under an aperture angle of <.10° with unpolar- 
ized excitation (A. 488 nm, A, 525 nm). Thickness was determined 
ellipsometrically (Gaertner L116A). 


of cell-cell or cell-substrate contact. Membrane components 
which do not directly or even indirectly (via protein contact) 
interact with the substrate may still be trapped in the contact 
domain and thereby appear immobile. 

In several cellular systems, protein mobility has been reported 
to be affected either by ligand-induced redistribution!" or focal 
contact formation". In the latter study"’, the lateral mobility of 
_ phospholipids was only changed twofold, which can be 

- explained by the fact that only small domains of the membrane 
are affected. In the present study we have observed a major 
asymmetry in the phospholipid mobility for cells grown on 
ECM, presumably because a large portion of the membrane 
area is affected by this substrate. This asymmetry was further 
highlighted by the discrimination of apical membrane fluores- 
cence. 

In conclusion, we have found that both the type of polymeric 
support and the topography for a given cell determine the lateral 
mobility of the phospholipid probe. The asymetry of the mem- 
brane properties may reflect a bifunctionality of the bovine 
endothelial cells used in this study. The combined use of different 
ECM components, FRAP measurements and silicon surfaces 
© allows the discrimination of cell membrane portions and sets 

the stage for study of the dynamic behaviour of functional 
< cellular membrane markers. 
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It has recently been. demonstrated both emperically’~” 
mathematically* that transposable elements may spread rapid 
throughout a population once introduced even when they dramati 
cally reduce the fitness of individuals that carry them. Such eve 
result in pronounced differences in the phylogenetic distribution 
of genetic elements capable of rapid genome invasion. Using 
simple and general procedure to screen the genome of the whi 
footed mouse Peromyscus leucopus, we have isolated a family o 
retrovirus-like elements which is apparently absent from th 
genome of the house mouse Mus domesticus. Here, we report thi 
procedure and an analysis of the organization, phylogenetic. distri 
bution and sequence of this family of transposable elements. 

We have devised a simple procedure designated ¢-screen. 
for phylogenetic) to search for elements that classical geneti 
experiments’ had suggested were present in the genome of ] 
leucopus. The $-screen is based on the assumption that rapi 
invasion of the genome of a species by a family of transposa 
elements results in distinct phylogenetic DNA differences fr 
other related species, and that such differences persist in desci 
dant species. A recombinant library of P. leucopus DNA v 
constructed and 60 randomly chosen clones. from this lib 
were used in a -screen against M. domesticus DNA (Fig. 
The procedure involves testing the repetitive sequences int 
clones for their relative abundances in P. leacopus DNA and 
the DNA of a related species to identify sequences that s 
major differences. Because the rate of acquisition of new E 
families is probabl y not constant across all species, the ch 
of the best phylogenetic distance for a species to screen a 
may involve some trial and error. Four clones showed. 
differences in hybridization patterns in this ¢-screen, ai 
detailed characterization of one of these clones is presented 

Figure la shows a pair of duplicate filters hybridized to 
total genomic P. leucopus and M. domesticus probes. In la 
restriction segments giving significant hybridization with 
leucopus probe are not hybridizing detectably with the M. d 
ticus probe, suggesting that these sequences are abundant i 
P. leucopus genome but not in the M. domesticus genom 
call this repetitive sequence family mys, from the Greek 3 
for mouse. When the DNA carried in this clone was restric 
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 Fig.1 é-Screen identifying a repetitive DNA sequence which shows differences in phylogenetic distribution, and restriction maps of various 
members of the mys element family. a, -Screen autoradiograms of 7 P. leucopus library clones showing bands containing repetitive DNA 
sequences. Randomly selected cloned DNAs were prepared™ and cleaved with a combination of EcoRI, BamHI and HindIII to facilitate 
the separation of highly repeated sequences, which would drown out any differential hybridization resulting from the less repeated sequences 
of interest. The restriction digests are then electrophoresed through duplicate 0.8% agarose gels and Southern blotted? to nitrocellulose. One 
blot is hybridized to a radioactive genomic probe DNA from P. leucopus (right panel) and the duplicate blot is hybridized to a genomic probe 
from M. domesticus (left panel). Hybridizations were at 60°C as previously described**. Single-copy sequences do not give a detectable 
_ hybridization signal, while sequences that are relatively abundant give a hybridization signal that reflects their genomic repetition in the probe 
_ DNA. Despite the overall similarity of the two panels, lane 2 reveals two distinct bands of 1.2 and 1.4 kilobases (kb) which hybridize only to 
_ the P. leucopus probe. Observed differences between the two probes were confirmed by washing radioactivity from the filters with alkali and 
reversing the hybridization probes to guard against artefacts. The clones displayed in these panels are actually a collection of those showing 
_ the greatest variation, therefore the frequency of bands showing differences in hybridization intensity is greater than normally observed. b, 
: _ Restriction enzyme map of the clone from lane 2 revealing the two clusters of PstI, EcoRI and EcoRV sites. The bar and arrows indicate the 
_ portion of the clone which shows detectable hybridization to P. leucopus DNA but not to M. domesticus DNA. c, Restriction enzyme maps 
= Of 10 other clones that were isolated from the P. leucopus library using the 2.5-kb EcoRV fragment of mys-1 (b) as probe. Clones mys-2 to 
mys-7 appear to contain intact elements. The mys-8 element seems to have suffered a deletion and has also been truncated in the cloning 
process. Clones M9 to M11 appear to be shortened, divergent versions of the mys element repetitive sequence. Dark arrows in b and c indicate 
the 343-bp direct terminal repeat. X, Xhol; R, EcoRI; P, Pvull; T, PstI; V, EcoRV; H, HindIII. mys-2 contains two additional Pvull sites 
= (not shown), which split its most 5’ PvuII fragment into bands of approximately 1,150, 195 and 65 bp. mys-5 also has one EcoRV site that 
has not been fixed (as shown). i 
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Fig. 2 Phylogenetic distribution, copy number and organization of the mys elements. a, Evolutionary tree depicting relationships of these 
species adapted from Eisenbert”*. Brownell** has used reassociation kinetic analyses of low copy sequences to estimate that the Cricetidae 
and Muridae diverged between 38.5 and 58 million years ago. b, In this experiment to determine copy number, EcoRV digests of P. leucopus 
(P1), P. gossypinus (Pg) and various genomic haploid equivalents of cloned mys-1 DNA were electrophoresed on 0.8% agarose gels, Southern 
blotted and hybridized to nick-translated probe consisting of the internal EcoRI- HindIII segment of mys-1. c, d And e are similar Southern 
blots of EcoRV-digested DNAs from P. leucopus (P1) mouse and its sibling species P. gossypinus (Pg), the golden mouse, Ochrotomys (O), 
the cotton rat Sigmondon (S), the hamster Phodopus (P), and the house mouse Mus (M), again electrophoresed on 0.8% agarose gels and 
hybridized to radiolabelled probe from the internal EcoRI- HindIII segment of the cloned mys-1 element. In c, the hybridization was at 60 °C, 
whereas in d and e a lower stringency 50°C hybridization was used. The c and d hybridizations included internal plasmid copy number 
control lanes as per b (not shown), and were exposed so that these were equivalently intense. Therefore the increased hybridization in d, for 
example in lanes O and S, reflects better detection of more divergent copies of mys elements, and eliminates the possibility that these species 
simply carry a lower copy number of elements identical to mys-1. Panel e is simply a longer exposure of d to illustrate the apparent absence 
of sequences with detectable homology in Mus (M). DNAs were also digested with PstI (f) and EcoRI (g), electrophoresed through 0.8%  —_ 
agarose gels, blotted to nitrocellulose and hybridized at 50°C to the same probe. The major band in both the EcoRV and PstI digests is of 
the predicted 2.5-kb size, but PstI also yields a second major band of 0.66 kb which is not predicted by any of the mapped mys clones. The 

major band in the EcoRI digest is the 1.8-kb band predicted by the mys-1 structure, but three other prominent bands also occur. Two of these, 

the 2.0- and 2.5-kb bands, are consistent with loss of the second, and the first and second, internal EcoRI sites respectively, while the third 

band of 1.3 kb suggests that an additional internal EcoRI site frequently occurs. Heterogeneity at the first internal EcoRI site is in fact notable 

among the mapped mys elements in Fig. Ic. 


mapped (Fig. 1b), two clusters of PstI, EcoRI and EcoRV ved elements, shown in Fig. 2b, indicates that there are between 3 


restriction sites were found to flank the region of differential 
hybridization, suggesting the presence of direct repeats. Ten 
other clones with homology to mys-1 were isolated from the P. 
leucopus library (Fig. 1c). Most members of the mys family are 
quite similar, with restriction patterns showing significant 
homology, but no two elements are exactly alike. In each case 
except mys-6 the terminal repeats of a single element show 
identical patterns, even though there is often variation between 
the terminal repeats of one element and those of another. This 
suggests that there is a single copy of most of the terminal repeat 
during transposition which is then duplicated to give the com- 
plete element, as occurs during reverse transcription of retroviral 
genomes’. 

To further investigate the organization and phylogenetic dis- 
tribution of mys-homologous sequences within the superfamily 
Muroidea, Southern-blot hybridization studies were done on 
DNA from Mus, a Muridae, and five species of Cricetidae. The 
phylogenetic relationship of these species in shown in Fig. 2a. 
Figure 2b-g demonstrates that most mys elements in both P. 
leucopus and its sibling species Peromyscus gossypinus are of 
the same size class and general sequence organization as mys-1. 
An experiment designed to count only these structurally conser- 


500 and 1,000 copies per haploid genome. Although the major 
bands are remarkably consistent between these sibling species 
of Peromyscus, minor band differences suggest that the mys 
family may be somewhat variable even between these closely 
related species. Ochrotomys, Sigmondon and Phodopus all have © 
repetitive sequences homologous with mys, although hybridiz- — 
ation is best observed to Sigmondon and Phodopus DNA at © 
lower stringency (Fig. 2d, e). Banding patterns differ between 
these species, suggesting that the structure of mys-homologous _ 
sequences is not conserved throughout the Cricetidae. No 
hybridization to Mus DNA was detected even at lowered strin- 
gency. 

The complete nucleotide sequence of mys-1 is shown in Fig. 
3. The element does carry direct terminal repeats as suggested 
by the restriction map. These are 343 base pairs (bp) long and 
differ by single base changes at two positions. The element is 
flanked by a 6-bp direct repeat (Fig. 4) which presumably 
represents a target site duplication. There are three regions of 
significantly long open reading frame (ORF), a 489-bp uninter- 
rupted sequence, and two adjacent regions making a 642-bp 
stretch interrupted by one stop codon. 

Three striking features of the sequence indicate that the mys 
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TGTTGCTGGA GGGCTTCTCT CCAGGTTCCC CAAGCCCOGC AGTCCCACAA TCCATITATA AAATAATCAC TCAGACGCTT ATATCACTTA TAAACTGTAT 
‘ GOCOMCCCA GGCTICTTGC TAACTGTTCT TTTATCTTAA ATTAACCCAT TTTTATAAAT CTATAGCTTG CCACGTGGCT GGTGGCTTAC CGGCGTCTCT 


_ ACATGCCTCTT CTCCTGGCGG TGGCTGCAGT CTCTCTTICCT CAGCCTCCCG CTICCCAGAA TICTCCTCTC TCCTTCTCCC ACCTACCTCC TGCCTGGTCA 
= -EYGGCCATCA GTGTTTTATT TACATAGAGT GATATCCACA GCACT ICCCC ae aaa TII GAAGGTTTTA ACTTTAACAT GGTAAAATTA 


CATATAACAA AACAATTACC GAGCAAGAAT TATAGTTACA ATATTAAAGA AGATGTCCTA TCTATCTTAT ATTIGTGAGT TTAAGGTTTT ATAGCTAACT 
TATCTTTTAT CATAACTGAG GAAATTACGA CTATCTAGCC TTCAACCACA TCAAAGACCT GAGAAGGAAC ATAATGGTAC CTGAGAAATG GTAGACGGAT 
a “GCAAGCAACT TCGGGAATCT TGCAAGAGTA GACGAAGAGA GCTGGCAGCC TGGACAGTCA CCTGATGTIT CICAGCATTO TICGTOCATT GAAATTGOCT 
= ACAGGCCTAG AGTATCTCAC AGACCATTTT CAGAAGCAGG AATTCTGAGA GACCATCTTA CCOTGTCTTG GCAGAGTACA GTOGTCOCIT TcCTTGTOTG 
$ CEGCTIGTCC AGAAAGGACA GCATTGCATT TGTACTGTCA GCCOTCAACG CAAGGGCAGT TCTTIGCCCA GTAGOCCATT TIOTGCGAAA AAGACAAACT 


SS Se sseepesesnseneensseeenspnsnnnesss 
' “TCCAAATOGA AATGTCTTAG AAGCCCAACA TTCTCTCGGG ATCAAT TOST: GEARCCARGA GCAATTGTGT CTCACATCAA CAGAATTCTA AGTTATTTAA 





ATGCCATATT TTCTAGGICT ATGAAGTGTT TGAAGATTAC CTATCTATCT GAAATATATC TATGTATACC TAGAAGACTT AACTAACATG GCTACAGATA 


TGATTATCAT AGATGACTAA TTATTAACCT ATTTTTTAAT TATCCATTAC AATTTTAAAT GAGTTATATA AACATAATAC CTCAAACAAG AATAGAAATA 


TATATATACA GTATAACAAA ATTAACTICA acrTTotATC AAMRAGTAA ANTITATACC AATCTAAAAC ATTTTAAACA (ARATA AEA 1300 


TIGIAAAACAT TTTAAAGAAG TTGTTCTTTA AAAGTAGGTT CATTAATCTA CCCTTTTATC TTATCATCTC CATATCCTCC TATATATCAT ATCCCCTTTT 


CTTTTTTAGA AAGAGATCAC ATTTATAATC AACCTCTTTT AAATAAAAAT ATIGGTTTTT CTCTGTCCCA CACCAGAGGG CTCTTCTCAT TTGGGACACA 
T, 


AGAATUTCTT AACCAETEEE TLITITTTTA AMSCAATATG TCTIGGGITTA GAGGGGGAGT GAGCCAATTC CACCTCTAAA GCCAGCTTGG TATATT TOGG 


_AATTTGGGCCG TAGCATCTCT TACTGCTTCC TGCTGGAGGG GGGCGCTGTA TCTTATGGGG ACGCAAAGAA AATTTTAGAC CTATGGGGTA GCCGTGAGGC 


’ 
> 





I 





TGTATTGTGT GAACCACTTG CCTTGAAACC GATCTGGATG TTGGATCATC TGGGCCATGG TGTCATCGGA GICCTTICAG GGGGTCTTGG CTGGTCAAAG 
re 
CTGATGTATC TTAATCTGGA ACAAGTCCAC AGCCTCTGGC TTTCTGTGGA AACAAAAGCA GAACCTCTTT TCCAAAGTAA CATATCCTTA TATCCAAATT 1900 
merece rere ese srry presse see pemerepsed oocrmsenastpantenneceereeesrrapetontelenay ahesemesdsussictnarocsa eack> ootmtes,opnce 

TIGAAGTCAA GGTACCTTTA AAATATACAT TTTGGCATAA CTCAACAGCT TTTGTAATCA AATGTTTTTC TTTAGTTATG AATATCAAAG AGAACGATAAT 2000 


z 4 ee rere eee EE ns 
= GCAGATTCTC TGTGTGGTAG CCATCTTTAT GIGGCTTATG TTTTATATTA CCTTGAGCCT TGAGCCTATT GCTTTAAACT GTACCATTGT AAGCGTGAAA 2100 





CGGCECTGTG GCTGCTGGCT CCGCCCACTT CAGCTTCCCA ACATGGCAGT GGTACATTTT CCGCCAGCTC TGGGAGTCAT CAAGTCTCAG AAATACTGGG 2200 
F a 
___—s TETAAGCTTT TATCAAAGCA GCGTGTAGCC CAGAAACCTC CATLETT AAAATAATAG TAAAGACTAA ATCTACCACA CAGCTTAATT 2300 


| TOCCOCTGGC AGATGCCTCA TTTCCGCCAT ACTGCCGGTC AGACGCACCC GCCAGGAACC CGCCAGTGTC CAAACTTGCG TTTTOCCOCA TCTAGCTGCC 2400 
` LRNA 
| GTATAAGACA AGAAGCAGGA ACCTGGTTTT GGCTCTGTTT AGAATTGGTT ATTAAATATT CTCAGGTTTA AGGTGGAAAC TCCACGEEEY COGOCCANT 2500 








_ ACATCCTCTT CTCCTCGOGG TOGCTGCACT CTCTCTTCCT CACCCTCCCG CTTCCCAGAA TTCICCTCTC TCCTTGTCCC ACCTACCTCC TOCCTGCTCA 2800 





CCA 2843 
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Fig.3 Complete sequence of mys-1. 
a, The sequencing strategy. DNA was 
3'-end labelled with Klenow frag- 
ment and sequenced according to the 
procedure of Maxam and Gilbert”, 
b, The underlined sequences are the 
343-bp direct terminal repeats. The 
overlined sequences are regions of 
ORF. The pyrimidine tract, tRNA 
binding sequence, T,,A;, sequences 
and internal direct repeats (IDRs) 
are boxed and labelled. Two L- 
shaped arrows delineate the region 
of ORF that is translated and ana- 
lysed in c. The two bases of mismatch 
between the direct terminal repeats, 
and the two bases of mismatch 
between the internal direct repeats 
are identified by single base boxes. 
c, Comparison of amino acids found 
in reverse transcriptase (RT) and 
putative RT proteins. Boxed letters 
represent amino acids in mys-1 with 
homology to at least two of the other 
sequences shown. Periods indicate 
gaps introduced to maximize 
homology. Filled triangles mark 
amino acids within the displayed 
region previously found to be 
invariant®. An arrow shows the loca- 
tion of the one amino acid common 
to the top four RT sequences shown, 
but absent in mys-1. The highly con- 
served RT sequence YXDD, which 
is normally located must 3’ to the 
region shown, is absent in all three 
frames of mys-1, thus discounting a 
simple frame shift mutation at this 
point. Significant homology of mys-1 
with other previously identified RT 
regions was not found®?. The 
sequence data for Moloney murine 
leukaemia virus (MoMuLu) Rous 
sarcoma virus (RSV), cauliflower 
mosaic virus (CaMV) and 17.6 was 
obtained from refs 26, 27, 29 and 9, 
respectively. 


transposable elements are closely related to retroviruses and 
probably transpose by a reverse transcription mechanism. First, 
at the internal junction with one long terminal repeat (LTR), 
where retroviruses commonly carry a stretch of polypurines on 
one strand of DNA, and, of course, polypyrimidines on the 
other, we find an uninterrupted string of 21 pyrimidines. Second, 
at the other internal junction where retroviruses have a sequence 
that binds a transfer RNA to serve as a primer during reverse 
; ranscription, we find 12 bases that perfectly match the 3’ end 
of a mammalian lysine transfer RNA’. Finally, translation of 
the 489-bp ORF from mys-1 reveals many amino-acid 
homologies with conserved regions of four other reverse tran- 
_ scriptase proteins (Fig. 3c)*”. Despite these similarities, the mys 
_ elements are distinguished from retroviruses both by their small 
_ Size and by their unusual sequence organization, with the coding 
sequence on the strand opposite the normal retroviral configur- 
ation relative to the polypurine tract and tRNA binding 
sequence. 
In Fig. 4 the sequences of the repeats of mys-2 are compared 















with each other and with the direct repeats of mys-1. Although 
the 6-bp target site duplications generated by mys-1 and mys-2 
showed no apparent similarity, we observed a striking homology 
between the sequences 3’ of these duplications, where 12 out of 
15 bases are identical, and 10 bases further downstream we 
observe another 6-bp identity (Fig. 4). This strongly suggests 
that these elements exhibit target-site specificity during move- 
ment. The unexpected sequence complexity of the target site 
allows the speculation that the copy number of mys elements 
may simply be limited by the number of available target-site 
sequences in the genome. 

To understand better the nature of the 489-bp ORF observed 
in mys-1, we sequenced the corresponding region of mys-2 (data 
not shown). Multiple single-base changes and frameshift muta- 
tions were found that eliminated the long ORF. This portion of 
a mys element is, therefore, not always encoding protein, and 
the ORF of mys-1 may itself be a shortened, divergent version 
of a functional coding sequence that might be carried on only 
a few if any of these elements. 
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Mys 2 left carcrotTTAGAAMPAGESHteTTceTGcAGcec TTT TOT CCAGGT TC CCCEAAGCCCCGCACTCCCACAATCCACTTATAAAATAATCACTCAGACEETT 8O 

Mys 2 tight i TGTTOCTOGCACCCCTTTTETCCAGOTTCCCCAAGCCCCCGCAGTECCCACAATCCACTTATAAAATAATCACTCAGACGOTT 
fg tet FECCTTE CATOCCABSETCT. «cece e eee ee ek EAE EDET E EITEN EENE TE Moea ee ee DORN 

Mys Tright re eee a eee Ce eae es SA ee ee eae Gee EE ee Re ESS OE BA Ee ae ea 

Mys 2 left AAO AAAA C TOTA TELOK TCCCACGCTTCTIGCIAACTGCTCTTTTATCITAAATTAACCCATITCTATAMATETATACCTTGCCACGTGGCT 180 

Mye em ATATCACTTATAAACTGTATG TOGCAGOCTTCTIGCTAACTGCTCTTTTATCT TAAAT TAACCCATT TCTATAAATE TATACCTTIGCCACGTGOGLT 

Mys UTE ce eee ee eens CG ERA ENG ee PEO EAEE TORO GREED RAIA EER ORS Pos thig ete esate sores Cm weds NEESER 

Mis COM Gi inesere EAN ENESES C2 Mis a5 eee eR) ere E rT eer rr eee er See ee EO Cr me nate Ge ee we i 

Mys 2 left COTGOCTTACCAGAGTETCTACATOCTCCTICTCETCGEOCTGECTOCACTCTCTCCETCAGECTTCEGETTECCAGAATTCTCCTCTC TOCTTCTCCCA 280 

Mys g tight GTEC SETAC CAGRGPE BOTRCATOOTE ONTE TEETE VEG OTCUETCCAR TEST eC rete ee rene TOTECEA ee 

Mys tief «ce eeee- PE oE DE £ee a ease ee Cee Cer canes ee eee i a a r ee ee ce es 

Mys Tright ..... re CrCr omg aes ee eee re Gratia Sa nies eee Tires wees UEA eens © hur Meaty Gin ang WR Sea eA ee 

Mys 2 left  COTACCTCOTGCCTGGTCATTGGCCATCAGTGTTTTATTTACATAGAGTGATATCCACAGCA um E itia 

Mys 2 tight CCTACCTCOTGCCTOGTCATTGGCCATCAGTGOTTT TATTTACATAGAGTEATATCCACAGCAPROETE ATGECALL AGTICTGGATOGTAATAAAGA | 

Mys 1 left cc ee eee en ene eens eee ee ee er eee ee re ee ee ee i wd ae aa said 

Mys (fight oe. eee ce ete errr eee EF Va b eee newness beeeeeneens BTCC TTCTIAAGTI CT TCACTAGAATAAAC 

MYS I TIGA 


= We have performed comparisons of the mys-1 sequence by 
= computer analysis using the Stanford SEQ program and 
sequence data from GenBank. A comparison with the murine 

IAP family'’® revealed only one significant homology between 

mys and available sequenced portions of IAPs. This 76.5% 
homologous region”? included the polypyrimidine tract and 
extended 9 bp into the mys LTR, covering a total of 32 bp. In 
“Hght of previous homologies found between diverse retroviruses 

and transposable elements, like the 10-bp identity at the ends 

of the Drosophila copia and yeast Ty! elements'*, this degree 

of homology probably does not indicate a close ‘relationship 
-between the mys and JAP families. This is compatible with the 
observation that they use different tRNA binding sequences, 
and with the apparent absence of mys sequences in M. domes- 
-<o licus, where IAP elements are abundant. In comparing mys 
| sequences with other characterized murine repetitive elements 
< such as LTR-IS'*'°, VL30'’, MS3** and with the entire Gen- 

-- Bank viral and mouse data files, we found no significant 

homology. 

The structural features of mys-1, and the fact that these 
sequences are abundant in Peromyscus and closely related 
cricetid rodents but apparently absent in Mus, suggested to 
us that this might represent a novel family of mammalian retro- 

_ transposons. Although the structural similarities between these 

-o elements and the retroviruses may reflect their common descent 

oe „from early transposable elements, it is also quite plausible that 

many of the extant transposable elements evolved directly from 

_-fetroviruses’”, This second possibility would certainly explain 

-the sudden appearance of new mobile sequences in a 
phylogenetic lineage. 
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Fig. 4 Flanking sequences and direct terminal repeats of mys-1 and mys-2. The first base of each terminal repeat, shown in. regis 
by the number 1. Periods mark positions where the mys-1 sequence is the same as for mys-2. Dashes indicate deletions and the 
< indicates that the mys-1 repeats carry a TT insertion relative to mys-2 at that position. The terminal repeats of mys-2 differ at only. two 

x- by a single base change. These repeats are not, however, different from each other at the same positions as are the terminal repeats 
im —omys-1 and mys-2 repeats differ from one another at multiple positions, confirming the observed restriction site heterogeneity. Theb 
-six bases flanking the terminal repeats represent the target site duplications. Various flanking sequence identities indicating the possible targ 
site sequence, are marked correspondingly with overlines and underlines. a 
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Transcription, processing and nuclear _ 
transport of a BI Alu RNA 
species complementary to an 
intron of the murine a-fetoprotein gene 
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The Alu sequence family comprises the major dispersed. 
sequences of rodent and primate genomes, numbering >300, 
copies in the human haploid genome'*. The function 
elements is unknown”. The sequences can be transcribed 
polymerase III and represent a substantial fraction of 
heterogeneous nuclear RNA*~’. Alu sequences can be found bo 
in the flanking regions and within the transcription units of sevet 
well-characterized genes. Here we show that some members. ‘ 
mouse Bl Alu sequence family encode a small cytoplasmic. 
The mouse BI sequence is ~130 nucleotides long and sh 
homology with the monomeric units of the dimeric 300-nuc 
primate sequence’. By means of microinjection studii 
Xenopus laevis oocyte, we have elucidated a novel pathw: 
to the appearance of a processed Bi-type Alu RNA spe 
cytoplasm. The abundance of this small Alu RNA differs 
various mouse tissues, suggesting a role in tissue-specifi 
expression. — 

Here we studied the Alu sequence contained within: th 
intron of the mouse a-fetoprotein (a-FP) ‘minigene’ (see Fig 
for the description of this gene)”. The transcript of this segi 
is complementary to the first intron of the pre-a-FP messenge 
RNA species”. 

On injection of the a-FP minigene into the nucleus 
laevis oocytes, we observed the appearance of a 210-nuc 
(nt) transcript (Fig. la); this species corresponds to. the 2 

rated on transfection of the a-FP minige 
i ting: at the D end a the Ah se 
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Fig. 1 Transcription and process- 

ing of the B1 Alu sequence in X. nt 
laevis oocytes. Plasmid DNA was 

transcribed in an intact X. laevis 

oocyte following gene microinjec- 

tion™, RNA was labelled with [a*?- 

PJGTP, extracted, and analysed by 
electrophoresis in a 10% acrylamide 

gel under denaturing conditions as 

described previously*'*. a, RNA 

transcripts generated in the oocyte. 

Lanes 1-3, products after 45 min, 1 h 

and 2h, respectively. b, Effect of a- 

amanitin on Alu sequence transcrip- 

tion in the intact oocyte. The gene 

was Co-injected in a volume of 20 nl 

with either butfer alone or a- 

amanitin, into the germinal vesicle to 

yield an intranuclear concentration 

as indicated: lane 1, no a-amanitin; 

lanes 2-5, 0.1, 1, 10 and 100 pg mI“, 

respectively. c, Precursor-product 

relationship of the 210- and 135-nt 

RNA. The *?P-labelled 210-nt d 
primary transcript was synthesized in 

a KB cell-free system''. RNA was 

injected into the germinal vesicle of 

X. laevis oocytes, and maintained at | 
21 °C in OR-2 buffer*' for the stated 
times. RNA was extracted and ana- 
lysed by electrophoresis as described 
for a. Misa**P-labelled Hincl digest 
of X174. d, Schematic diagram of P 
the mouse a-FP minigene. The figure 
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TGTGGTGGCGCACACCTTTAATCCCAGCAC TCGGGAGGCAGAGGCAGGCGGATTTCTGAGTTCGAGGCCAGCTGGTCT ACAAAGTGAGE TCAGGACAGC 


GCAAATATGGGAATTTTTAAGAATTTTGITATAGGAAAATAGC J 
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is based on the sequence provided by Young et al.’. The a-FP minigene is contained on plasmid pAFZE.Aid”, given by Dr Shirley Tilghman. 
Heavy lines denote the sense strands of either the a-FP gene or the Alu sequence, with arrows indicating the transcriptional polarity (5' to 
3’). E and I denote exon and intron sequences, respectively. The Alu sequence is presented, with I, P and T denoting the sites of transcription 
initiation, processing and termination determined in this study. The direct repeats are boxed. 


Fig. 2 Determination of the processing site 
within the 210-nt species. a, RNase T1 digest 
of the 210- and 135-nt species. **P-labelled 
species were synthesized in the oocyte using 
[a-**P]GTP and gel-purified. The RNA species 
were digested with RNase T1 (ref. 11) and ana- 
lysed on a 20% sequencing gel. Lane 1, T1 
digest of 135-nt species; lane 2, digest of the 
210-nt species. L, partial acid hydrolysate of 
*Pp.s'jabelled yeast (RNA*"*. b, Mapping the 
5’ ends of the 210- and 135-nt species by a 
‘reverse’ S, nuclease analysis. *?P-labelled 
RNAs were generated in the oocyte as described 
above and annealed to a 700-base pair (bp) 
fragment extending ~660 nt 5’ to the putative 
start site of transcription in the Alu sequence 
with respect to the Alu sense strand) and com- 
plementary to the first 40 nt of the putative S’ 
end of the Alu transcript. The hybridization 
mixture was digested” and analysed on a 15% 
sequencing gel as described elsewhere’. Lanes 
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40 nt 
os 
ppp 3 *P-RNA 
DNA 3—4 mmp 
E 
Aval 


Hind 700 bp 


1 and 3, 210- and 135-nt species, respectively. Lanes 2 and 4, S, nuclease digestion products of the hybrid formed between the HindIII- Aval 
fragment and the 210- and 135-nt species, respectively. Lane 5, S, nuclease digest of the 135-nt species in the absence of the HindIIl-Aval 
DNA fragment. Inset, S, nuclease mapping strategy. The heavy arrow denotes the direct repeat preceding the Alu sequence. 


and terminating within the first run of five T residues beyond 
the 3' direct repeat (Fig. 1d). At 45 min after injection, this was 
the principal species (Fig. 1a, lane 1). On further incubation, 
both a 135- and a 75-nt species were also detected (Fig. 1a, lanes 
2, 3). The sizes of these smaller species and the kinetics of their 
appearance suggested that they might represent the products of 
processing of the 210-nt primary transcript. At various time 
periods after 2h the 75-nt species appears as a minor species 
relative to the 135-nt RNA, suggesting that it is relatively labile. 

To demonstrate that the 210-nt species is transcribed by RNA 
polymerase III, we co-injected a-amanitin with the a-FP 
minigene at concentrations sufficient to inhibit transcription by 
this polymerase’’. Only at high concentrations of a-amanitin 
(10 and 100 ug ml~') was the appearance of both the 210- and 
135-nt species inhibited (Fig. 1b, lane 4 and 5). 


To demonstrate directly a precursor-product relationship 
between the 210-nt primary transcript and the 135-nt species, 
the *’P-labelled primary 210-nt transcript was synthesized in 
vitro in a KB cell-free transcription system'', then injected as 
a purified RNA into the nucleus of intact X. laevis oocytes. We 
observed that the 210-nt species disappeared with time, with 
the coincident appearance of the 135-nt species (Fig. 1c). 

The nature of the processing reaction was determined by 
several methods. RNase T1 digestion of the 210- and 135-nt 
RNA species demonstrated that whereas both yielded the 
characteristic 17-nt 5' fragment arising 17 nucleotides from the 
5' end of the Alu sequence, only the 210-nt RNA yielded the 
characteristic 44-nt 3' fragment (TCTCCA,,G) (Fig. 2a). The 5’ 
termini of the 210- and 135-nt species were shown to be identical 
by S, nuclease mapping (Fig. 2b), with the site of transcription 





Fig. 3 Intracellular localization of the primary Alu transcript and 
the 135-nt processed species. RNA species were extracted from 
nuclear or cytoplasmic fractions of manually dissected oocytes 


previously”. a, Distribution of species after injection of the a-FP 
gene and [a-**P]GTP. Lanes 1-3, analysis performed after 4, 12 
and 24h, respectively. b, Distribution of the 135-nt species after 
direct introduction into the oocyte nucleus. The **P-labelled RNA 
—135 shown in a was extracted from the gels presented and re-injected 


dissected after TCA fixation at 1 h (lane 1), 4h (lane 2), 12 h (lane 
(N) or cytoplasm (C) were determined. 


NC NC NC NC NC NC NC 


Fig.4 RNA species homologous to the aFP B1 Alu a b 
sequence can be detected in mouse tissues. Total RNAs 
from mouse tissues and X, laevis oocytes were isolated 
as follows: tissues and oocytes were homogenized in 
TMN buffer’; SDS and proteinase K were added to 
2% and 0.5 mg ml™’, respectively, and the reactions 
were incubated for 30 min at 37 °C. The suspensions 
were extracted twice with phenol-choloroform (1:1) 
and ethanol-precipitated. The precipitates were resus- 
pended in 400 ul of DNase buffer (50 mM Tris-HCl 
pH 7.5, 5mM MgCl,), 50 pg ml~' DNase I (RNase- 
free, Miles) was added and the reactions incubated 
for 15min at 37°C. The reactions were stopped by 
adding SDS and proteinase K, extracted with phenol- 
chloroform and the RNA precipitated with ethanol. 
a, Northern analysis of: lane 1, total cellular RNA 
from adult liver; lane 2, fetal liver; lane 3, adult kidney; 
lane 4, adult brain; lane 5, total RNA extracted from 
X. laevis oocyte previously injected with the aFP 
minigene. 75 ug of each total RNA fraction was elec- 
trophoresed on a 6% urea/acrylamide gel”? and elec- 
troblotted onto Gene Screen Plus membranes (NEN). 
A 2-kilobase (kb) BamHI- EcoRI fragment containing 
the mouse Alu sequence was excised from the 
minigene’, gel-purified, nick-translated with [a- 
*°P]dCTP and used as probe. Identical results were 
obtained using the 0.7-kb Sacl-HindIll fragment 
comprising the first intron, the second exon and 
sequences of the second intron. The membrane was 
hybridized at 42°C for 36h in 50% formamide, 5 x 
SSC, 1xDenhardt’s, poly(rA) at 100pg mi‘, and 
denatured calf thymus DNA at 100 ug mi™'. Blots 
were washed twice with 2*SSC at 37°C, twice with 
2 SSC, 1% SDS at 65 °C and twice with 0.1 x SSC at 
room temperature, then autoradiographed. b, North- 
ern analysis of: lane 1, total RNA extracted from X. 
laevis oocytes injected previously with the a-FP 
minigene; lanes 2 and 3, nuclear and cytoplasmic RNA 
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from Hepa-! cells. The smaller species of ~110 nucleotides in lane 3 is frequently seen on storage of the purified 135-nt species generated in the X. laevis oocyte | 


and therefore may represent a degradation product. Nuclear and cytoplasmic RNAs were isolated™ from Hepa-! cells, electrophoresed, and transferred to 
Gene-Screen Plus membranes as described for a. The blot was hybridized to a 5S'-’*P-labelled 30-residue synthetic oligonucleotide (OCS Laboratories, Denton, 
Texas) complementary to nucleotides 75-104 of the a-FP Alu sequence (see Fig. 1). The blot was hybridized for 24h at 28°C in 10 ml of a solution containing 
0.1 pg **P-labelled probe (1 x 10° c.p.m. yg"), 50% formamide, 1% SDS, 1 x Denhardt's, 50 mM sodium phosphate pH 7.0, S x SSC, poly(rA) at 100 yg mi‘, and 
denatured Escherichia coli DNA at 250 ug mi~". The blot was washed twice at 22°C in 2 x SSC, then twice in the same buffer containing 1% SDS at 40°C, dried, 
and autoradiographed. ¢, S, nuclease mapping of the 3’ terminus of the B1 RNA species isolated from mouse cells. Lane 1, probe, digested with S, nuclease 


without added RNA; lane 2, **P-labelled 18-nt standard; lane 3, 3’ end-labelled probe; 4, cytoplasmic RNA from Hepa-! cells (4 pg). Lanes 5-9, total cellular 


RNA from: 5, adult liver (25 wg): 6. fetal liver (25 wg): 7, adult brain (25 ug): 8, fetal brain (25 ug); and 9, adult kidney (25 pg). Lane 10, RNA extracted from 


oocytes injected with a-FP minigene. Lane 11, **P-labelled oligonucleotide sizing ladder. Inset, S -nuclease mapping strategy. RNA was isolated as described for a 


and b. A3‘**P-labelled probe was prepared by addition of 1-2 C residues to a 40-residue synthetic oligonucleotide (3'-CCGATGTGTCTCTTTGGGACAGAGG(T)}, «) 
using [a-**P]CTP (700 Ci mmol ') and deoxynucleotidyl transferase™. Hybridization of the probe to the RNA was performed in a volume of 20 yl containing 
various amounts of RNA as noted, 0.125 pmol **P-labelled probe (10° c.pm. xg"). 10 mM Tris-HCI pH 7.4, 1 mM EDTA, 0.4 M NaCl, 0.1% SDS. Hybridization 
was for 1h at 60°C. S, nuclease digestion followed standard procedures”. The hybridization samples were transferred to 0.25 ml of a solution containing 0.28 M 
NaCl, 0.05 M sodium acetate pH 4.6, 4.5 mM ZnSO,,2 pg ml‘ denatured E. coli DNA, and 200 units of S, nuclease (Sigma). After incubation at 22°C for 1h, 
the digestion was stopped by adding 75 wl of a solution comprising 0.2 M ammonium acetate, 5mM EDTA 10 ug mi~" denatured E. coli DNA. Nucleic acids 
were then extracted and collected by ethanol precipitation at —70 °C following addition of 20 ug of yeast tRNA and 2 vol. ethanol. Samples were analysed on a 
15% acrylamide sequencing gel, and autoradiographed. 


using the trichloroacetic acid (TCA) fixation technique described _ 


into the nucleus of intact X. laevis oocytes. Oocytes were manually — 


3) and 24 h (lane 4) and the RNA species present in either nucleus 


initiation mapped to the 5’ end of the Alu sequence (see Fig. 1). 
Nucleotide sequence analysis of P1 nuclease digests of the 210- 
and 135-nt species synthesized in the presence of either [a- 
*2P]GTP or [a-**P]ATP demonstrated that both species bear 
either ppA or pppA at the 5’ terminus (data not shown). 
RNase T1 digestion of the unstable 75-nt species generated 
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the predicted fragment pattern, consistent with its origin as the 
3’ 75-nt trailer of the 210-nt primary transcript (data not shown). 

The data demonstrated that the 210-nt primary Alu transcript 
is processed endonucleolytically at the 3° end to yield a 135-nt 
RNA. The site of cleavage lies just 5’ to the oligoadenylate tract 
at the 3’ end of the Alu sequence ( Fig. 1). The processing reaction 
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aves. a co tved core’ Ahi sequence from a 3’ trailer 
cludes the A-rich sequence. 

intracellular localization of the 210- and 135-nt RNA 
‘ated in the X. laevis oocyte was determined by microdissec- 
n (Fig. 3). At 4, 12 and 24h the primary transcript remained 
nfined to the nucleus, while the 135-nt RNA accumulated in 
e cytoplasm (Fig. 3a). Injection of the purified 135-nt RNA 
o the nucleus resulted in its efficient transport from the nucleus 
he cytoplasm, where it could be recovered as a stable species 
h after injection (Fig. 3b), From these data the primary 
sript seems to be an intranuclear species whereas the pro- 
d species appears to be cytoplasmic. The Alu RNA is 
Jorted to the cytoplasm only after the 3’ trailer has been 
ed. The processing step thus provides a potential post- 
iptional control over the abundance of this species in 
ucieus and cytoplasm. 

'e wished to determine whether this processed 135-nt Alu- 
fic RNA species could be detected in mouse tissues. By 
hern analysis of total cellular RNA from fetal liver, using 
robe a fragment of the a-FP gene containing the Alu 
quence, we detected a discrete species of 135 nt (Fig. 4a, lane 
identical in size to the species accumulating in the X. laevis 
oocyte after injection of the a-FP minigene (Fig. 4a, lane 5). 
he species was not clearly visualized in adult liver (Fig. 4a, 
ane 1), adult kidney (Fig. 4a, lane 3) or adult brain (Fig. 4a, 
ane ina Northern sana using a 30-residue pia. Vom epee 











y ani RNA from the mouse e line, Hepa- " 
Fig. 4b, lane 3). 
To define the 3’ terminus of the Alu RNA species in mouse 
issues, RNA was hybridized to a 3’ end-labelled oligonucleo- 
de, and treated with S, nuclease (Fig. 4c). This probe is com- 
lementary to the primary Alu transcript, spanning the process- 
ng site, and was fully protected by the primary transcript in 
ur digestion conditions (data not shown). S, nuclease mapping 
f the 3’ terminus of the Alu RNA generated in the oocyte 
evealed protection of 27- and 28-nt species (Fig. 4c, lane 10), 
he fragments expected to arise from an RNA terminating just 
fore the run of A residues or including one A. An identical 
attern of protected probe fragments was seen with cellular 
RNA from fetal liver (Fig. 4c, lane 6) and cytoplasmic RNA 
rom Hepa-I cells (Fig. 4c, lane 4). By means of this S, mapping 
rocedure, these RNA species were also detected in adult liver 
ne 3), adult brain (lane 7), fetal brain (lane 8), and adult 
ney (lane 9). Based on the relative intensities of the protected 
sezand the amounts of RNA assayed, this processed Alu 
s appears to be present in ~10-fold greater abundance in 
iver and the Hepa-I line than in the other mouse tissues 














we have demonstrated that a member of the mouse BI 
f the Alu sequence family encodes a discrete cellular 
pecies. ‘Comparable studies have been performed in our 
ory on other mouse, rat and human Alu sequences. Some 
Alu and the rat type II sequences generate primary 
pts in the X. laevis oocyte that are processed to a cyto- 
H Alu-specific RNA of ~300 nt in the case of the 
1€, and ~ 160 nt in the case of the rat type I sequence 
i; and M.Z., unpublished). We suggest that the pathway 
bed for the mouse BI Alu sequence represents a more 
pathway characterizing both monomeric and dimeric 
quence transcripts. 
ty are some Alu sequence transcripts, such as the mouse 
sequence studied here, shuttled through the conversion path- 
y described? The efficient transcription of this B1 Alu unit, 
“precise processing of its primary transcript, the transport of 
sore Alu species from nucleus to cytoplasm, and the packag- 
the processed B1 RNA into a ribonucleoprotein particle 
and M Z., unpublished), suggests that this RNA has a 
expression of the gene in which it is located 
other process in. fetal liver. 






One intriguing feature of 


this B1 Alu sequence is that it encodes a natural antisense RNA _ 
of 210 nt complementary to the first intron of the a-FP pre- 
mRNA. Indeed, Alu sequences of the B1 and human type have 
been identified in the antisense orientation within several 
mouse'*'* and human’ genes. If the a-FP gene and the Alu 
sequence are being transcribed simultaneously, an RNA-~RNA 
duplex of these transcripts could potentially form. From recent 
studies in both eukaryotic'® and prokaryotic'’”° systems, one 
might imagine that this primary Alu transcript would inhibit 
a-FP expression. The conversion pathway described here for 
the primary Alu sequence transcript suggests one mechanism 
by which this type of natural antisense RNA may be dealt with 
in a cell. 
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An exonuclease protection assay reveals 
heat-shock element and TATA box DNA- 
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The ability to identify and purify trans-acting cellular factors that 
regulate eukaryotic genes is limited by the lack of a practical 


general assay. Current procedures using crude whole cell or nuclear a 


extracts that restore transcriptional function in vitro or permit | 
reconstruction of native chromatin at contro] sequences are 
effective only in select systems. I now present an exonuclease 
protection assay that is generally applicable for detecting 
sequence-specific DNA-binding proteins. The assay extends earlier 
work on the binding to the Drosophila heat-shock gene control 
element of a protein factor (HAP) present in crude nuclear 





extracts; the binding was shown by reconstitution of specific exonu- . a 
clease resistance within a nuclease-hypersensitive site in. 


chromatin'’?. We show here that this same exonuclease resistance 
can be reconstituted on free linear DNA, despite many nonspecific 
binding activities present in unfractionated nuclear extracts. We 
have further applied this assay method to fractionate the protein 
factor that is bound constitutively to the heat-shock | gene TATA 
box region in native chromatin’ . Exonuclease protection offers a 
sensitive, precise and is assay for any ene DNA- 
Moi protein. 






Escherichia coli exonuclease III (Exoll1)**’, locates the boun- 
daries of protein-binding on DNA. This method has been used 
successfully to map the binding sites of several purified prokary- 
otic and eukaryotic DNA-binding proteins® 
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Fig. 1 Exolll protection at the hsp82 heat-shock control element conferred by nuclear extracts of heat-shocked Drosophila cells. A DNA 


fragment containing the hsp82 gene 5' region was prepared from plasmid DNA (which consists of a EcoRI (—166)/ Rsal (+20) fragment — 


inserted into a pUC12 vector at the EcoRI and Smal sites) by cutting at the restriction site chosen to be labelled followed by removal of the 
5’ phosphate with calf intestinal phosphatase, and by 5' end-labelling with polynucleotide kinase and [y-**P]ATP according to standard 
procedures. The DNA, labelled at either the Sall site (A) or the EcoRI site (B), as shown schematically in (C), was cut at the appropriate 
secondary restriction site to liberate the hsp82 promoter fragment, which was isolated by polyacrylamide gel electrophoresis and by electroelution 
of the gel slice. For each binding reaction, 1,000 Cerenkov counts representing ~0.3 ng of DNA were incubated for 20 min (now amended to 
15 min) at 24°C in 50 pl of binding buffer (75 mM NaCl, 5mM MgCl,, 0.1 mM EGTA, 15 mM Tris-HCI pH 7.4, 0.5 mM dithiothreitol (DTT), 
2mM Na phosphate pH 7.0, 5% glycerol) containing 1 pg @X174 DNA cut with Haelll, 10 ug yeast tRNA, 1 ug mixed deoxynucleotide 
(p(dN)., from Pharmacia-PL) and ~25 wg of nuclear protein from the equivalent of 1-2 x 10° cells) extracted from heat-shocked Schneider 


line 2 cells essentially as described previously’. All components were mixed in a 1.5-ml microfuge tube by gentle vortex. We have modified — 


the former nuclear protein extraction procedure such that the crude, loosely packed nuclei are now extracted with 2.5 volumes of solution II? 
without re-adjustment of the final NaCl concentration; and the 100,000g supernatant is dialysed in standard dialysis tubing in solution HIP. 
A typical extract of 10'° cells yields 50-100 mg protein in 5-10 ml volume. The preparation of extract can be suitably scaled down several 
hundredfold to accommodate small quantities of cells (E. Zimarino, unpublished results). (Note that free histones bind strongly to DNA and 
block ExolIII movement; as such, it would be inadvisable to substitute a high salt extract of whole cells for the nuclear extract.) After the 
binding step, Exolll (Boehringer-Mannheim) was then added as indicated to the protein-DNA complex (or the DNA alone, for the control 
experiment), mixed by gentle vortex and allowed to digest at 30 °C for 10 min. The reaction was terminated by the addition of an equal volume 
(50 pl) of 20mM Na,EDTA, 1% SDS. The DNA was purified by organic extraction twice, precipitated in ethanol, redissolved in several 
microlitres of formamide/ EDTA/ dye, boiled for 2 min, quick-cooled in ice-water and electrophoresed on a short 5% sequencing gel according 
to standard procedures. 5’ End-labelled marker DNAs (pBR322 cut with Hpall) were electrophoresed on flanking lanes of the gel. The gel 
was fixed briefly in 10% methanol, 10% acetic acid, dried and exposed to X-ray film with an intensifying screen at —70 °C, typically for an 
overnight exposure. In C, the exonuclease resistant strands due to protein binding which are visualized through the 5’ label (asterisk) are 
aligned as solid lines below the map of the hsp82 5’ region; the passage of ExollII is indicated by dashes. The sequence of the region protected 
from convergent digestion is displayed; the stars denote nucleotides which match the heat-shock control element**. Nucleotides which form 
the symmetrical dyad are underlined. 


Protection of DNA from digestion by exonuclease, usually 
ification of such proteins for any given DNA sequence. 


“3 The enzyme, a 


extracts; this procedure should in principle permit the ident- 
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Crude nuclear extracts contain, in addition to the DNA- 
binding activities of interest, endogenous nuclease and phos- 
phatase activities that can destroy **P-labelled DNA fragments. 
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3' to 5’ exonuclease, degrades a double-stranded DNA fragment 
processively from both 3’ termini until the substrate becomes 
single-stranded and resistant to further digestion. Specific pro- 
tein binding blocks the passage of Exolll and generates new 
fragments that remain resistant under limit digestion conditions. 
The Exolll protection method is more sensitive than the stan- 
dard DNase I protection (footprinting) technique as new exonu- 
clease resistant fragments can be positively identified even if 
they occur as a small fraction of the total DNA population. 
We were prompted to use the Exolll protection method with 
crude rather than purified protein preparations because of the 
surprisingly clear demonstration of the binding to chromatin of 
HAP (heat-shock activator protein)'*; binding is shown by 
reconstitution of exonuclease resistance at nucleotide positions 
—50 to —86 in the Drosophila hsp82 gene, following incubation 
of non-induced (embryonic) nuclei with 0.4 M NaCl extracts of 
heat-induced Drosophila cell nuclei? (+1 is the transcriptional 
start). ExoIII movement within the hypersensitive site in 
chromatin was not hindered by nonspecific binding proteins 
present in the unfractionated nuclear extract. Hence, we saw 
the possibility of detecting specific protein binding by exonu- 
clease protection of free DNA incubated with crude nuclear 


We have found empirically that a mixture of Na phosphate and © 
carrier nucleic acid consisting of transfer RNA, deoxyoligonu- 
cleotides and fragmented phage DNA can inhibit the 
endogenous nuclease activities sufficiently (but not totally) dur- 
ing the course of DNA binding and Exolll digestion. Figure 
1A shows the digestion pattern, at increasing concentrations of _ 
Exolll, of a EcoRI/Sall 209-base pair (bp) DNA fragment — 
(Fig. 1C) containing 5’-flanking sequences of the Drosophila _ 
hsp82 gene. When ~1 fmole of the fragment, 5’ end-labelled at _ 
the SalI site, is incubated with an extract of heat-shocked — 
Drosophila cell nuclei, fragments of sizes 130 and 127 nucleo- 
tides (nt) (not well resolved from each other on this gel) are — 
clearly resistant to Exolll digestion at concentrations of the 
enzyme which reduce the DNA incubated without extract to — 
small oligonucleotides. Increased Exolll digestion (data not 
shown) does not eliminate the resistant fragments, which map 
the upstream boundary of the HAP binding site to position 
—91/—88. A similar experiment using the fragment 5’ end- — 
labelled at the EcoRI site maps the downstream boundary to 
position —52/—55 (Fig. 1B). These results are consistent with 
the mapped boundaries of HAP binding to chromatin (—50 to 
—86). HAP-binding activity to free DNA is abolished by 
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| Fig. 2 Exolll protection at the hsp70 TATA box region conferred by nuclear extracts of non-shocked Drosophila cells. A DNA fragment 

containing the 5’ region (Xhol (—194) to PstI (+85)) of a hsp70 gene from chromosomal locus 87C was 5’ labelled at either end following 

procedures described in Fig. 1 legend. C shows a map of the fragment. Aliquots of 1,000 Cerenkov c.p.m. of the DNA labelled at the HindIII 

site (A) or at the BamHI site (B) were incubated with 100 ug of extract protein (or without extract protein) obtained from non-shocked 

Schneider line 2 cells, and digested with the indicated concentrations of ExolIl, according to the procedure described in Fig. 1 legend. The 

DNA was purified, electrophoresed on a 5% sequencing gel, fixed, dried and autoradiographed. The sequence of the region protected against 
convergent Exolll digestion is displayed in C; the TATA motif is boxed. 


























_ digestion with Proteinase K (the protease is inactivated with 
PMSF subsequently) and is competed specifically with 5'- 
flanking DNA of the hsp82 gene (data not shown), as is the 
_ binding to chromatin*. Note that resistance to exonuclease is 
not observed at the TATA box region in the experiment shown 
_in Fig. 1 B; extracts of heat-shocked cell nuclei contain relatively 
low levels of the TATA-binding activity and the binding is 
inherently weak for hsp82, as observed previously in chromatin’. 
= The sequence of the binding site for hsp82 (see Fig. 1C) 
includes the heat-shock control element™* (consensus 
CT_GAA___TTC_AG) as well as two similar elements that 
overlap it on either side. These sequences form a 28-bp sym- 
‘metrical dyad (underlined) that is poorly represented in the rest 
of the heat-shock gene family. It is likely that these unique 
features of the hsp82 sequence dictate the higher affinity of HAP 
for the hsp82 gene in chromatin’, this higher affinity resulting 
_ in the special ease of induction of the hsp82 gene. DNA competi- 
tion experiments in progress also indicate that the binding 
affinity of HAP to hsp82 DNA is stronger than its affinity to 
DNAs for other heat-shock genes. 
__ The presence in chromatin of non-histone protein bound to 
the heat-shock gene TATA box region in both non-induced and 
induced states precludes the detection of this protein in vitro 
through reconstitution of the binding to chromatin. Figure 2 
‘shows reconstitution of the binding to free DNA. We used a 
hsp70 gene rather than the hsp82 gene as substrate for the 
TATA-binding protein; protein binding in chromatin to the 
_hsp70 gene TATA box was shown previously to be extremely 
tight’. When a BamHI/ HindIII 296-bp DNA fragment contain- 
ing 5’-flanking sequences of a Drosophila hsp70 gene is end- 
labelled at the HindIII site, incubated with an extract of non- 
‘shocked Drosophila cell nuclei and digested with Exolll, a 
major resistant fragment of 137 nucleotides is observed in the 
limit (Fig. 2A, lanes a-d). Such a resistant fragment is not 
_ observed during digestion of the DNA alone (Fig. 2A, lanes 
= e-h). A similar experiment using DNA labelled at the BamHI 
site (Fig. 2B) reveals a resistant fragment of 179 nucleotides 
= which is not observed in the digestion of DNA alone; even 
12,000 mI~' of ExolII does not eliminate the resistant fragment 
_ (Fig. 2B, lane d). Treatment of the extract with proteinase K 
_ abolishes the specific resistance to Exolll (data not shown). In 


the incubations without added ExollII, mild endogenous exonu- 
clease activity can also be observed in the nuclear extract (Fig. 
2A, compare lanes a and e; Fig. 2B, lane a). Note that as the 
nuclear extract used for this experiment was prepared from 
non-shocked cells, HAP binding to the hsp70 heat-shock element 
is not observed in the experiment shown in Fig. 2A. When 
extracts are prepared from heat-shocked cells, Exol II resistance 
at the hsp70 heat-shock elements as well as at the TATA box 
region can be observed (data not shown). 

The lengths of the resistant fragments map the borders of the 
binding site to positions —21 and —41 of this hsp70 gene. These 
positions are consistent with those mapped previously in 
chromatin for the average of the five hsp70 genes (—12 to —40)'. 
The sequence of the 20-bp binding site (Fig. 2C) has at its centre 
the TATA box, a motif originally identified by Goldberg and 
Hogness which is present in many eukaryotic genes at about 
position —30. The TATA box is essential for accurate transcrip- 
tional starts in vitro**. In the conalbumin promoter and in the 
adenovirus ‘late’ promoter, the TATA box has been shown to 
form a stable pre-initiation complex with a HeLa cell factor, in 
the absence of RNA polymerase I1". It is likely that the activity 
we have identified by in vitro binding to the hsp70 TATA box 
region belongs to this class of transcription factor. As the TATA- 
binding factor is the only (tightly) bound protein within the 5’ 
nuclease-hypersensitive site of the Asp70 gene in the non- 
induced state', its binding is also likely to be crucial for the 
establishment of the nuclease-hypersensitive chromatin struc- 
ture which could be conditional for subsequent HAP binding. 
Deletion of sequences upstream of the hsp70 TATA box do not 
affect the hypersensitivity, but deletion of the TATA box region 
does”. The TATA box region of Drosophila heat-shock genes 
shares a homology (—43)CG_ GCG GAGTATAAAT(A/G)- 
C(A/C)GGCGC(—19) that is directly superimposable over the 
binding site (—41 to —21). We are testing the hypothesis that 
the factor which binds to the hsp70 TATA box region can also 
bind to the same region in the other heat-shock genes, but not 
to other Drosophila genes. We conjecture that all TATA-binding 
functions are governed by a family of such proteins, each recog- 
nizing a unique consensus sequence surrounding the TATA core 
sequence. 

Figure 3 shows that the exonuclease protection technique 


we o 
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Fig. 3 Influence of extract protein and carrier DNA concentra- 
tions on specific Exolll protection at the upstream border of the 
hsp82 HAP-binding site. The hsp82 gene fragment described in 
Fig. 1 legend was 5’ end labelled at the SalI site and incubated 
with the indicated amounts of extract protein obtained from heat- 
shocked Schneider line 2 cells and ®X174-Haelll-cut carrier 
DNA, and digested with 4,000 U ml~' of Exolll. The resistant 
fragments were purified and electrophoresed as described above. 
(At such high concentrations of Exolll, the minor sub-band below 
the major band(s) observed in Fig. 1A becomes more prominent). 


used with crude nuclear extracts depends critically on the pres- 
ence of carrier DNA, which preserves the specific DNA fragment 
during the binding and ExolII digestion reactions (and presum- 
ably also competes away some of the nonspecific binding pro- 
teins). There is sufficient nuclease activity at extract protein 
concentrations of 5.0, 1.0 and 0.2 mg ml"', representing roughly 
1/5th, 1/25th and 1/125th, respectively, of whole cell equivalent 
concentration, to remove essentially all of the 3P label when 
the hsp82 DNA fragment is incubated in the absence of carrier 
DNA. At each extract protein concentration, increasing amounts 
of added carrier DNA correspondingly increase the yield of the 
expected exonuclease-resistant fragments caused by HAP bind- 
ing, although at high carrier DNA concentrations specific HAP- 
binding activity is lowered by significant competitive binding to 
carrier DNA. When the extract protein is diluted to 0.2 mg ml"! 
(1/125th of whole cell equivalent concentration), specific HAP- 
binding activity is reduced considerably; it is completely elimi- 
nated at a carrier DNA concentration of 0.16 mg ml' (Fig. 3). 
In general, the optimal assay conditions for each individual 
DNA-binding protein depend on the relative activities in the 
extract of endogenous nuclease and phosphatase, and of the 
specific protein. Appropriate conditions should be determined 
by varying the concentrations of carrier DNA and of extract 
protein respectively. From the results in Fig. 3, the window of 
detectability is not prohibitively narrow. The other components 
we have used to preserve the labelled DNA give small improve- 
ments to the signal and are not absolutely necessary; other 
protective measures can also be substituted. 

I have used the exonuclease protection technique to assay 
fractions obtained by column chromatography of the crude 
nuclear extract. HAP factor elutes from heparin-agarose with 
0.6 M NaCl (Fig. 4A). When this fraction is chromatographed 
on a DNA-cellulose column, the binding activity elutes with 
0.3 M NaCl; the combined purification is roughly 25-fold. Iden- 
tical results are obtained with the more laborious chromatin- 
binding assay (data not shown). In an effort to purify HAP 
factor from mass cultures of heat-shocked Drosophila cells, we 
now routinely use exonuclease protection of free hsp82 DNA 
for rapid assay of fractions obtained from chromatographic 
columns. The exonuclease protection procedure using free DNA 
requires only several hours’ work, in contrast to the procedure 
using nuclear chromatin, which takes 5 days. We have also 
begun to purify the TATA-binding protein by column 
chromatography, using exonuclease protection of the hsp70 
DNA fragment as an assay. Figure 4B shows that the binding 
activity elutes from a heparin-agarose column with 0.6 M NaCl 
(and separates away from RNA polymerase activities; B. 
Walker, unpublished). Further chromatography separates this 
activity from HAP factor. As a test of its general applicability, 






























Fig.4 Column chromatography of HAP and TATA-binding pro- 
tein. A, HAP activity in heparin-agarose and DNA-cellulose 
column fractions was assayed by Exolll protection of the hsp82 
gene fragment as shown in Fig. 1A. B, TATA-binding activity in 
heparin-agarose column fractions was assayed by Exolll protec- 
tion of the hsp70 gene fragment as shown in Fig. 2B. a 
Methods. Minicolumns of 1 ml bed volume of heparin-agarose 
and DNA-cellulose (Pharmacia-PL) were equilibrated in 
chromatography buffer (CB)/0.1 M NaCl. CB consists of 20 mM 
Tris-HCI pH 7.9, 0.1 mM Na, EDTA, 0.5 mM DTT, 10% glycerc 
0.5 mM phenylmethylsulphonyl fluoride. 1 ml (10 mg protein ) o 
undiluted extract of heat-shocked cell nuclei was passed throug 
heparin-agarose under gravity. The column was washed with 2 5, pi i 
of CB/0.1M NaCl, and step-eluted with 2.5ml of CB/0.3 M, 
CB/0.6 M, and CB/1.0M NaCl, respectively. Fractions were dis: 
lysed for 2h in solution III’, quick-frozen in liquid N, and stored 
at —70°C. The CB 0.6 M NaCl step fraction was then chromato- 
graphed on the I-ml DNA-cellulose column, and the column was 
step-eluted with 2.5 ml of CB 0.075 M, CB/0.1 M, CB/0.3M and 
CB/1.0 M NaCl, respectively. Fractions were dialysed, frozen anc 
stored as above. Heparin-agarose fractions (3 pl) and DNA- 
cellulose fractions (5 pul) were assayed for HAP activity in the 
standard 50-4! reaction. 25 microliters of the heparin-agarose frac- 
tions were employed for assay of TATA-binding activity in the 

standard reaction. £ 


te 4 


the exonuclease protection technique is being used to identify 
sequence-specific binding proteins in a mammalian system. | 
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dies have been reported repudiat- 
è long-held dogma that, in the 
e of oestrogen, the oestrogen recep- 
confined to the cytosol'*. The new 
~“ supplants this interpretation with 
: which unfilled receptor occurs 
vely in the nuclear compartment. 
tunately, the new model may be just 
Il of artefacts as the old (see refs 4, 
| below). 

st, the new model, admittedly *... 
ed on limited data and . . therefore 
er speculative ...”, fails to take 
nt of approximately 100 publica- 
iemonstreting, by methods includ- 
inalytical subcellular fractionation, 
nity binding to intact cells and photo- 
ffinity procedures, intrinsic localization 
receptors fer steroid hormones in 
tranuclear membranes of target cells, 
cluding the plasmalemma (from which 
he macromolecules are extracted by the 
oenventional methods of preparing 
ytosol}. This beady of evidence has been 
eviewed extensively”. The Gorski group 
ispenses with these (uncited) potentially 
ontradictory observations by the unsup- 
orted assertion that neither their labora- 
ory” nor that cf King and Greene! see 
.. evidence of binding [sic] of receptors 
o plasma membranes, a site that has been 
uggested in the past’ 

_ Second, the -mmunocytochemical dis- 
tribution of 70-95% of oestrogen receptor 
with monoclonal antibody in (or on a the 
iucleus, without cytoplasmic staining’, in 
teri of immature or pseudopregnant rab- 
its or of rabbits only 8 days after ovariec- 
omy, and in a mammary tumour from a 
ostmenopausal woman, is in direct 
ntradiction* to reports from the same 
ratory within the past 18 months?®. 
e the fixation methods were essentially 
alent (L. Zamboni, personal com- 
cation), this variable seems excluded 
¢ basis for the complete turnabout. 
‘maining differences between the 
sive observations were the use in the 
work’ of frozen sections, notorious 
oduction of membrane distortion, 
lifferent monoclonal antibody. It is 
t to assess the relative contribution 
e additional variables. Alternative 
on-processing methods may well be 
red for good preservation of cell 
ructure in the extranuclear regions 
lout sacrifice of immunoreactivity. 

rd, in the case of the report from the 
+ laboratory, there are abundant 
tions that the nuclear localization of 
ed’ receptor was associated with 
ound perturbations of the native state 
the GH, tumour cells used as oestrogen 
gets. Thus, the time-consuming enu- 
ation process’? on which the con- 
sions rest was carried out on Percoll- 
isity-selected cells that were then prein- 
d at 37 °C for 45 min in the presence 











. for peptidal effectors’. 


of Sumpariedly subtoxic concentrations of 


cytochalasin B and dimethyl sulphoxide, 
followed by 45 min centrifugation at 37 °C 
in a shearing gradient of Percoll and addi- 
tives''. The antibiotic!?, its solvent”, the 
Percoll itself'*'*, as well as the elevated 
temperature’, required to separate the 
major cellular compartments, are each 
known to perturb the cell surface. The 
increased endocytotic activity associated 
with such nonspecific stimuli, especially 
in tumour cells exhibiting an unusually 
high degree of basal pinocytosis, is well 
documented’. Nuclear translocation of 
resultant vesicles or macromolecular com- 
plexes by specified routes’ would be 
expected to promote concentration of 
receptor from plasmalemmal and other 
extranuclear sources. 

Fourth, in the above work, the relative 
integrity of the nucleoplast fraction? was, 
surprisingly, not established by analyses 
for enzyme markers characteristic of other 
cellular compartments. Indeed, it is gen- 
erally recognized that extranuclear mem- 
branous material is closely associated with 
the outer nuclear envelope on separation 
of the latter organelle by several pro- 
cedures, even surviving shearing through 
heavy sucrose. Thus, removal of the outer 
nuclear membrane is required for 
definitive studies of nuclear composition 
(ref. 16 and citations therein). By inspec- 
tion of the stained preparation’, as well 
as by definition’, the nucleoplast, consist- 
ing of *... nuclei plus a small amount of 
cytoplasm plus intact membrane...,’ is 
an incompletely characterized fraction. 

Fifth, although, at first glance, the 
analogy drawn by the recent papers! to 
‘unfilled’ receptors for thyroid hormone 
being concentrated in the nuclear fraction 
of its target cells seems compelling, neither 
group takes note of the equally conclusive 
data on the initial binding of 
triiodothyronine to the cell surface, fol- 
lowed by clustering and internalization, 
apparently in vesicular form”'’. Similar 
observations are available for specific sur- 
face binding of other relatively hydro- 
phobic agonists, including ouabain'® and 
oestradiol-17B8 (refs 6, 19). These findings 
bear a close analogy to the emerging data 
Indeed, if primary 
recognition of blood-borne oestrogen 
were to be effected only within the confines 
of the nucleus, one is left to ponder the 
nature of the long-range forces that could 
underlie such a remarkable sensing and 
migration mechanism in ‘target’ cells. 

Finally, we welcome as long overdue® 
critical re-evaluation of the unmodified, 
traditional model of cytosolic localization 
of unbound receptor for steroid hormones, 
useful as it has been. However, it would 
seem prudent not to throw out the baby 
with the bathwater. 

So McClellan et al.”® have failed to 
present data on localization of oestrogen 
receptors in ovariectomized monkeys. In 
a persona! communication that we have 
her permission to cite, McClellan has. 






















































stated that ‘there was cytoplasmic staining 
in spayed controls, but it was not well 
differentiated from background’, and that, 
presumably for the above reason, their 
group had ‘postponed work on ovariec- 
tomized monkeys for more detailed study’. 
As is widely acknowledged, it is necessary 
to use great vigilance to combat the grow- 
ing problem of contamination of animal 
quarters with even those low levels of oes- 
trogen that promote nuclear association 
of transformed receptor. 

Clearly, much remains to be done before 
the problem of subcellular distribution of 
oestrogen receptor in normal target cells 
in the absence of hormone can be firmly 
resolved. 
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GREENE AND KING REPLY—Although 
an initial report’ from this laboratory con- 
tained micrographs showing immunocyto- 
chemical localization of oestrogen recep- 
tor in the cytoplasm of tumour cells from 
paraffin-embedded breast cancers, we 
later found that this staining was not 
specific and could be mimicked by several 


unrelated polyclonal and monoclonal rat. oe 
antibodies. In addition, essentially all =- 





cytoplasmic staining could be abolished 
by including suitable carrier proteins (for 
example, 10% normal goat serum) in the 
antibody solutions. Extensive work. by us 
and others’ since then, with 10 unique 
monoclonal antibodies to human oes- 
trogen receptor, indicates that specific 
staining for the receptor is confined to the 
nuclei of target cells in all conditions 
studied. These include at least 20 different 
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e i methods of fixation performed on frozen 








‘tissue sections, parafin-embedded sec- 
-tions, vibratomed fresh sections and intact 
_ cultured tumour cells. 

_ S§zego’s comment regarding the equival- 
ence of paraffin-embedded materials to 
those discussed in our report is an over- 
simplification. The immunocytochemical 
literature contains ample evidence that 


-many antigens easily localized in frozen 


or fresh tissues are obscured by the more 
extensive fixation and processing required 


ae for the preparation of paraffin blocks”? 


-We have already shown" that extended 
fixation of oestrogen-receptor-containing 
tissues results in a progressive loss of 
nuclear staining for the receptor, with no 
change in the nonspecific extranuclear 
staining. With regard to the question of 


<: whether oestrogen receptors are located 


in oron the nucleus, recent electron micro- 
graphs (in which the ultrastructure is well 
preserved) show receptor localized in the 
chromatin and not on the nuclear (or 
other) membrane’. We cannot rule out the 
possibility that low levels of membrane- 
bound or diffuse cytoplasmic’ receptor 
have been missed by the immunoperoxi- 
dase method used, especially at the light 
microscopic level. 
Finally, it is important to note that our 
findings are consistent with the 
hypothesis! that interaction of receptor 
with steroid induces the formation of a 
“complex that binds more tightly to the 
nucleus and that this ‘activated’ steroid- 
“receptor complex is responsible for the 
biological effects of the hormone. 
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GORSKI REPLIES—In our original 
paper’, we did not comment on membrane 
localization of steroid receptors, but in our 
review article’ we pointed out that the 


_...cytoplasts contain intact cell membranes 












- yet do not contain appreciable concentra- 
tions of oestrogen receptors. The cyto- 
plasts prepared from GH; cells contain 
1OFT al concentrations of Ea marker 





MATTERS ARISING — 
speciically prolactin. 
These protein niken: activities 


require transport of, for example, amino 
acids and energy sources, which we 
assume requires a reasonably normal 
membrane, and the dye exclusion also sug- 


gests an intact membrane. Our observa- | 
tions plus those of King and Greene? and 
‘more recently McClellan et al* provide 
- parison of evolutionarily related p 
such as. lysozyme, myoglobin an 
-chrome c in fine specificity studies*. 
erally, the results of this type of ar 
have shown a correlation between. an ge 


no support for a membrane-localized 
receptor. I believe that there is no substan- 
tive support in the literature for membrane- 


localization of steroid receptors. 


Finally, the concern of Szego and i 
Pietras about steroids getting into cells is. 
surprising. They readily get out of the cells . 
where they are synthesized and they | 
readily pass through many layers of cells — 
during tissue incubations. There is nothing ° 
in most normal cells that one would. 


imagine to be an effective barrier to 
diffusion of steroids unless one concep- 
tualizes a cell as being simply a lipid sack 
surrounding a drop of water. 


JACK GORSKI 
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Mobility and evolutionary 
variability factors 
in protein antigenicity 


IN a recent Nature article’, a correlation 
was made between segmental mobility and 
the location of continuous antigenic deter- 
minants in proteins. Temperature factors 
obtained from X-ray crystallographic data 
were used as a measure of local confor- 


mational flexibility for three proteins, 
namely, the tobacco mosaic virus (TMV) 


protein, myoglobin and lysozyme. The 


antigenic sites had deen deduced pre- 
viously from a number of studies that 


examined the binding of peptides to anti- 
protein antibodies. 

Can generalizations about the total anti- 
genicity of a protein be made from studies 
that rely heavily on peptide binding to 
detect antigenic sites in proteins? In 
assessing the binding of antibodies to a 
protein, it seems reasonable that regions 
of local flexibility are more likely to be 
mimicked by linear peptides than are 
regions that are more rigid. A peptide 


adopts an ensemble of conformational . 
states in solution, some of which may be . 


close to the conformation of that sequence 
as it appears in the native antigen. Thus, 

some peptide molecules may be induced 
into a conformation that fits an antibody- 
combining site. Studies in which peptides 





are sss to identify antigenic sites, 
therefore, biased towards detecting 
topes that are flexible. As Westhof 
pointed out, it is possible that the 
protein antibodies that bind peptid : 
not represent all of the antibodies pre 
in the antisera in the studies they c 
Another method that is used exten 





to study protein antigenicity involves 


icity and evolutionary variability’* 


detection of antigenic sites by such fi 
specificity studies, however, may be bias 


towards detecting antigenicity in regio 
of evolutionary variability. Naturall 
occurring amino-acid substitutions with 


. protein families are likely to occur. 


regions of polypeptide chain flexibility 
natural selection clearly favours thos 
mutations that do not either perturb th 
overall tertiary structure of a protein 
reduce its functional capacity. Surfaces 
close contact within the packed second: 


-structure in the interior of a protein ar 


likely to be both inflexible and structurall 
conserved evolutionarily. In contr 

regions of the polypeptide chain in whic 
changes in local conformation. arisin 
from point mutations can be tolerated ar 


most likely to be on the surface, whe 


they are not involved in the long-rang 
interactions that stabilize the internal fold 
ing of the molecule, and, hence, are mor 
likely to be flexible. It is probable th: 
antigenicity, polypeptide chain flexibilit 
and evolutionary variability are relates 
Therefore, correlations that have be 

made between atomic mobility in protei 
and antigenic sites for anti-protein ant 
body responses’, although significan 


_may be explained by factors other than a 
_inherent ability of flexible regions - : 
_ invoke an immune response. 


A complication that arises in correlat g 


| published data on the antigenicity of p 
teins with their molecular mobility is th 


many protein antigens that have bee 


: studied have a high degree of homol 
: with the host animal’s protein. The” 
_ protein cited in ref. 1 is an excepti 

© general, antibodies elicited in a pai 
host. appear to arise in response to re; 





of the immunogen that differ ina 


_ acid sequence from the homologous 


protein*™*. This phenomenon derives fr 
immunological tolerance’ and is 
ticularly well documented for cytoch: 


¢, but it also seems to- hold for myogl 
| insulin, and other well-characterized ; 


tein antigens in mammalian hosts’, ¢ 
tain sites on a molecule may not elic 
immune response even though the’ 


flexible, if B cells reactive to these regio 
are: not present as a result of either to 
ance’ or possible evolutionary effects o 
. the germline repertoire". | 





Existing methodologies for studyir 


antigenic sites cannot completely dete 





all of the. tesiduės 
ndividual antigenic site on a 
in that | are involved in binding an 
yrotein antibody. Ultimate resolution 
rely on more refined methods such as 
ay crystallographic studies of antigen- 
body complexes, as reported recently’. 

rther data are required to determine 
ether the correlation observed between 
ility and antigenic sites in proteins™™, 
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AN REGENMORTEL AND ALTSCHUH 
EPLY-——Jemmerson and Paterson imply 
iat Westhof et al.’ have attempted to link 
e total antigenicity of proteins with 
gions of local mobility, and they suggest 
lat such an attempt is bound to fail 
ecause anti-protein antibodies that bind 
eptides may not represent all of the anti- 
odiés present in the antisera. We wish to 
int out that there is no mention of total 
genicity in our paper and that, on the 
rary, we stated clearly that “segmental 
bility in proteins emphasizes only one 
of antigenic determinant”, namely 
è of continuous epitope that can be 
ked with short peptides. We also 
ed that continuous epitopes are 
less numerous than the discon- 
epitopes r revealed in the studies 
clonal antibodies. 

gree that our study using short 
s was biased towards the detection 
le epitopes. However, any experi- 
study of protein antigenicity will 
ily suffer from one operational 
another.. The monoclonal anti- 
` used in X-ray crystallographic 
sofantigen-antibody complexes are 
d for high binding affinity and are 
presentative of all the antibodies 
ced during the immune response; 

therefore, present a biased view 
-with the interactions that occur 
affinity antibodies. A study of the 
ity of related mammalian pro- 
hat are subject to immunological 
ance can also be said to be biased 
red ie the study of antigens such 








Significant, is also of immunological 


2s, which are ee from such | 


will emphasize a particular aspect of the 
many types of interaction that constitute 
immunological recognition. 

In view of our ignorance regarding the 
total antibody repertoires relevant for 
different protein antigens, it seems to us 
pointless to argue about the relative 
importance of these different experimental 
approaches. However, present interest in 
mimicking protein epitopes by means of 
short synthetic peptides underlines the 
immunological relevance of any observa- 
tions that link mobility to the location of 
continuous epitopes in proteins. 
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TAINER ET AL. REPLY—Jemmerson and 
Paterson suggest a correlation between 
evolutionary variability and antigenicity, 
while noting that such variable regions are 
likely to be subject to fewer structural con- 
straints. Their point is well taken for the 
generalization of the relationship between 
local mobility and antigenicity of protein 
sites, as identified by Westhof et al. for 
TMV and ourselves for myohaemeryth- 

rin’, to other proteins that are affected by 
tolerance. The influence of tolerance is 
undoubtedly crucial in the majority of pro- 
tein systems studied by immunologists. 
Currently, there appear to be a number of 
related structural parameters that bias 
antigenicity including sequence variabil- 
ity, hydrophilicity, solvent-accessibility, 
shape, and local mobility’*, but it is 
difficult to determine which is the primary 
underlying correlate. The protein myo- 
haemerythrin is a good model for antigen- 
icity studies because it is not subject to 
tolerance, and it is unique in having highly 
accurate temperature factors corrected for 
the effects of crystal contacts’. We desig- 
ned an experiment to address the specific 
question of why anti-peptide antibodies 
can recognize the native protein, and 
found a better relationship for local mobil- 
ity than for these other parameters. 

For anti-peptide antibodies, the para- 
meters of hydrophilicity, shape and varia- 
bility cannot explain what we term the 
order/disorder paradox, that is, how can 
an antibody raised against a presumably 
disordered peptide recognize the native, 
highly ordered protein? The results of our 
experiment help to resolve this paradox 
by suggesting that the antigenic sites of 
proteins should not be viewed as static, 
fixed conformations. Evidence from NMR 
and hydrogen/deuterium exchange rates 
also blurs the order/disorder distinction 
by revealing. the. differential mobility 
protein sites’. The role of flexibility’? i 


_ facilitating the interaction of antigen ih 
_ antibody adds the eimensi0e of time to į. 


$ Ann Arbar, MI : 48106, USA. 


understanding a thermodynamics of 
antigen-antibody union. The correlation 
of flexibility with sequence variability, 
hydrophilicity, solvent-accessibility, and 
shape could account for the correlation of 
these related parameters with antigenicity, 
while simultaneously explaining the suc- 
cess of anti-peptide antibodies in recog- 
nizing the parent protein. Finally, the 
knowledge that mobility is an intrinsic 
molecular parameter affecting antigen- 
antibody union has implications for any 
model of antigenic recognition in that it 
implies a multiple-step process rather than 
a single collision resulting in simple lock- 
and-key complementarity. 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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What’s new in the chemistry lab? 


The American Chemical Society is meeting in Chicago on September 8 to 13. Here are some new 


products of interest to chemists. 


è The Beckman Instruments, Inc. Sys- 
tem AA-4, one of four new Beckman 
HPLC systems for amino acid analysis, is 
optimized for high-sensitivity, low- 
picomole microgradient analysis. System 
AA-4 includes two Model 114M pumps, 
the Model 421A controller, the Model 163 
continuous variable wavelength detector 
and 2-mm internal diameter Ultrasphere 
ODS microbore column. System AA-4 
provides consistent gradients delivered by 
high-precision Model 114M pumps, each 
capable of flow rates ranging from 1 pl per 
mm to 30 ml per min. The system is opti- 
mized for 2mm microgradient HPLC with 
a u-flow organizer that includes a zero 
dead volume injector and a low volume 
mixer. The Model 163 continuous variable 
wavelength UV detector and micro-flow 
cell offer excellent sensitivity. Storage and 
linkage of methods are simple with the 
Model 421A controller. The 2-mm ID 
Ultrasphere ODS microbore reversed- 
phase column provides high-resolution, 
high-sensitivity HPLC. 

Reader Service No. 100. 





Beckman’s AA-4 is optimized to give 
high sensitivity low-picomole microgradient 
analysis. 


è The Hilger Analytical Chromaspek M 
amino acid analyser provides the benefits 
of modern microprocessor technology and 
the sophistication of integration together 
in one system. Using gradient elution, the 
instrument requires only two easy-to- 
prepare buffers and up to ten user-defined 
pH gradient profiles are available for in- 
creased flexibility and speed in method 
development. Overall sample throughput 
is increased with the ability to analyse con- 
secutive samples using any of the ten pH 
profiles. Fully annotated chromatograms 
are produced with corresponding final re- 
port printouts and results storage, provid- 
ing greater flexibility and time saving in 
routine operation. Optional accessories 





These notes are based on information provided 
by the manufacturers. To obtain further details 
about these products use the reader service card 
bound inside the journal. 


available include high pressure loading, a 
refrigerated 60-position autosampler, 
fluorescent detection and a wide range of 
spares and consumable kits. 

Reader Service No. 101. 

è ICN Radiochemicals’ multi-use liquid 
scintillation cocktail for aqueous samples 
is compatible with large volumes of water 
and is stable both in acid and alkali. Uni- 
versol Cocktail has high efficiency and 
controlled chemiluminescence. It is a safe, 
non-flammable solvent system. Samples 
and technical information are available 
upon request. 

Reader Service No. 102. 

è The Brinkmann Instruments division of 
Sybron Corporation has now introduced 
the Biichi Soxhlet fat extractor to the US 
market. For laboratory procedures that 
include the determination of fat and oil 
content, the fat extractor uses a true Sox- 
hlet method to improve results, simplify 
handling, decrease total extraction time 
and make fat extraction safer and easier. 
The fat extractor uses steam from a built- 
in or externally mounted generator as its 
source of heat, eliminating the dangers 
associated with other methods. For higher 
temperatures, the heating block can be 
heated with a commercially available cir- 
culator. Extractions can be performed on 
six samples simultaneously in two diffe- 
rent sized extraction tubes holding up to 
20 or 80 g of sample. Shorter extraction 
times are complemented by easier, more 
efficient solvent recovery. The recovered 
solvent is ready for use in subsequent ex- 
tractions. For low-fat-content samples, 
Biichi produces a hydrolysing unit for use 
prior to extraction. 

Reader Service No. 103. 





The Buchi Soxhlet fat extractor. 


è Nester Instruments has announced the 
availability of the pH PEN, a miniaturized 
pH meter that fits in a shirt pocket. The 
self contained meter ultilizes a gel-filled 
combination glass electrode. The pH PEN 
displays measurements with large liquid 
crystal display characters that are visible 
even in direct sunlight. The unit weighs 
four ounces and is battery powered, It 
features advanced solid-state circuitry and 
a reading lock button to hold measure- 
ment values for recording. 

Reader Service No. 104. 





Nester Instruments’ pH pen fits in a shirt pocket. 


èe Whatman diphenyl reversed-phase 
thin-layer chromatography (RPTLC) 
plates consist of juxta aromatic rings 
bonded through the silane to a special 
optimized pore silica gel. The mechanism 
of separation is reversed-phase partition 
based on hydrogen bonding from the 
aromatic rings, so these plates are ex- 
tremely effective in separations of com- 
pounds with molecules having an aromatic 
character: steroids, cholesterol, PAHs, 
catecholamines. Dipheny! plates also pro- 
vide excellent separations of biological 
molecules such as proteins and peptides 
and other biocompounds with molecular 
weights to 100,000 in simple isopropanol 
buffer systems. The plates are moderately 
fast with a durable surface. They are much 
less load-dependent that other RPTLC 
plates and can be used in both analytical 
and preparative TLC. No special techni- 
ques or procedures are required to use 
diphenyl plates. Spotting is simpler since 
the layer is much less hydrophobic than a 
C18 layer, development and visualization 
can be accomplished using lipophilic rea- 
gents. All RPTLC solvent systems are ap- 
plicable and the water-isopropanol system 
widely used for proteins and other separa- 
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tions is appropriate for these diphenyl 

plates. This mechanism is an effective 
high-performance alternative to C18, ion 
exchange, or steric exclusion media for 

_ biological separations within the 100,000 
-~ MW range. 

_ Reader Service No. 105. 

@ The new fully automatic BI-90 sub- 
_ micrometre particle sizer from Brookhaven 
_ Instruments Corporation gives size dis- 
_ tribution of particles, macromolecules, 
_ and microemulsions, from 0.005 to 5 um. 
_ Using laser light scattering, it incorporates 
_ an automatic signal level-controller, video 
monitor and electronic dust filter for accu- 


= molecular weights and diffusion coeffi- 
_ cients. The BI-90 is compatible with a full 
range of hardware and software. 

Reader Service No. 106. 





_ Brookhaven Instruments’ BI-90 automatic sub- 
_ micrometre particle sizer. 
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fate measurements of particle sizes,. 


Forester 
Botanist Nutritionist Chemical Engineer 
Biologist Chemist Radiologist Pharmacologist 
or a professional in many other chemistry-related 


© The Genzyme Corporation has intro- 
duce three new highly purified products 
for glycoprotein research — O-glycanase, 
endoglycosidase H and 1-deoxy- 
nojirimycin. The O-glycanase is purified 
from cultures of Diplococcus pneumo- 
niae. It hydrolyses the gal B(1-3)galNAc 
core disaccharide linked serine or 
threonine in mucin-type glycoproteins. 
Both glycopeptides and glycoproteins are 
substrates for this enzyme. O-glycanase 
is available as a 25% glycerol solution 
in 15nM Tris-maleate buffer. Endo- 
glycosidase-H is an enzyme essentially 
free of protease and exoglycosidase 
activity. It catalyses the hydrolysis of chi- 
tobiose core of high mannose and certain 
hybrid oligosaccharides. This product is 
available as a lyophilized powder. 1- 
Deoxynojirimycin inhibits the action of 
glycosidase I and II during the normal 
processing of N-linked glycoprotein. Cells 
incubated in the presence of 1 mM of de- 
oxynojirimycin synthesize greatly reduced 
amounts of complex carbohydrate chains 
and increased amounts of high mannose 
chains. This inhibitor is available as crys- 
talline salt. 

Reader Service No. 107. 


è Bio-Rad has introduced two new kits. 


for analysing biogenic amines based on 
high-performance liquid chromatography 
— one for catecholamines, the other for 
metanephrines. The tests utilize a new 
HPLC technique in which a specially 
selected cation-exchange column effi- 
ciently separates the biogenic amines. In 
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. - - you may be eligible to join the American Chemical Society 
(ACS) — the largest scientific organization in the world 
d dedicated to chemistry-related sciences! 
= Asa Full Member or National Affiliate, there are many ways 
for you to enjoy the professional benefits of belonging to this 
’ 134,000 member organization. For more information, write, 
send coupon or CALL TOLL FREE 1-800-424-6747 
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the catecholamine test the Bio-Rex 70 
extraction of free catecholamines from 
urine has been modified for HPLC analy- 
sis. The metanephrine test employs a new 
technique for sample preparation based 
on the formation of a stable anion by 
metanephrines in basic solution. Both 
methods use electrochemical detection 
because neither catecholamines nor 
methanephrines have strong ultraviolet 
absorbance or native fluorescence. In the 
catecholamine test, concentrations from 2 
to 400 ug 1 can be measured; the concen- 
tration range in the metanephrine test is 
10 to 2,000 ug 1’. In both cases, the repro- 
ducibility of the test is generally improved 
by using an internal standard. 

Reader Service No. 108. 

© Omega offers three new flow metering, 
monitoring and control systems. The 
FV4000 flowmeter, FCS000 flow compu- 
ter and DP60 flow rate indicator/totalizer 
can be used alone or as an integrated sys- 
tem. The FV4000 vortex flowmeter mea- 
sures liquids, gases and steam with + 1% 
accuracy of reading. It features a 
piezoelectric sensor and a choice of 4-20 
mA linear output, scaled or unscaled 
pulsed outputs. When connected to the 
FCS000 flow computer, it provides con- 
tinuous on-line compensated true mass 
flow rate. Housed in an NEMA 4X case 
with a clear plastic cover, the FC5000 fea- 
tures two field-selectable standard com- 
pensation calculations and can be prog- 
rammed to meet specific application re- 
quirements as well. Totalized flow is dis- 
played in either pounds for steam, or stan- 
dard cubic feet for gases. The flow rate is 
monitored on a second indicator from 0 to 
100%. For liquid flow applications, 
FV4200 Series is supplied with a 4-20 mA 
output for use with the DP60 Series digital 
panel meters, These come in two models 
for totalizing and batch controlling or use 
as a rate indicator with a relay alarm. 
Reader Service No. 109. 





Three new flow control systems from Omega. 


è Sartorius Filters Inc.’s Miniultrasart is a 
self-contained ultrafiltration module with 
a 20,000 M' cut off for depyrogenation of 
aqueous solutions and the concentration 
of proteinaceous fluids. It is supplied ster- 
ile and pyrogen free, and complies with 
USP and CGMP requirements. The mod- 
ule contains one square foot of hydrophi- 
lic, asymmetric cellulose triacetate mem- 
brane. The unit is designed to utilize a 


sta — 3 





oo ESS = - 2° = a = aidi 
Sgin i IS eit oo siia ai aia 


NATURE VOL. 317 5 SEPTEMBER 1985 


cross-flow filtration effect for extended 
life and for good flow rates. The Miniul- 
trasart can be used in combination with a 
standard laboratory water system to pro- 
vide pyrogen-free water on demand. It 
can be cleaned, resterilized and reused, 
and the module may be operated in a re- 
circulating filtration mode. 

Reader Service No. 110. 

@ Lab Safety Supply is offering a free 
sample of their new “Vapour Barrier Sor- 
bent’ (VBS) blankets that absorb hazar- 
dous liquids and suppress vapours at the 
same time. These sheets of treated micro- 
fibres of polypropylene have a high 
absorbency and exceptional chemical re- 
sistance. A polyethylene film on one side 
helps suppress toxic, irritant or flammable 
vapours. VBS blankets can absorb spills of 
acids, caustics, solvents, oils and even 
hydrofluoric acid. They can also be used 
to protect work surfaces from chemical 
spills. 

Reader Service No. 111. 
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A VBS blanket in ation. : 


e A new brochure entitled “Megabore 
the Packed Column Alternative” is now 
available from J & W Scientific Inc. The 
32-page brochure gives details on the com- 
pany’s Megabore column for gas chroma- 
tography. Technical information includes 
chromatograms that compare results with 
those obtained using traditional packed 
columns. The Megabore column comes in 
two convenient lengths for optimal speed 
and resolution, with a choice of seven 
different bonded stationary phases. A 
selection guide gives all the details needed 
for selecting Megabore columns. Useful 
data are provided on applications. Acces- 
sories for gas chromatography are also de- 
scribed. 

Reader Service No. 112. 

è Packard Instrument is giving away its 
latest application report describing the 
metabolic profiling of urinary organic 
acids and steroid hormone metabolites. 
All experiments were performed using a 
fused silica microbore column, measuring 
10 m x 200 um mounted in a standard 
Packard Model 436 gas chromatograph. 
Interest in microbore columns is increas- 
ing since, compared to standard capillary 
columns, they offer improved resolution 
or shorter analysis times. But they require 
excellent oven-temperature stability, mi- 
nute over-temperature gradients and 
ultra-fast response from the instrument’s 
electronics. Packard gas chromatographs 
meet these stringent requirements and 
accept microbore columns without mod- 
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PRODUCT REVIEW 


ification, the company says. The report 
describes the experimental conditions and 
is illustrated with six chromatograms. 
Three profile urinary organic acid deriva- 
tives with characteristic pathological pat- 
terns and the others illustrate one nor- 
mal and two pathological profiles of ster- 
oid hormone metabolites. 

Reader Service No. 113. 

è Perkin-Elmer have expanded their 
TADS Series thermal analysis range with: 
the introduction of a new DSC-4 robotic 
system. It is compatible with new and ex- 
isting DSC-4 differential scanning calori- 
meters. Using this robotic system, it is 
now possible to run 48 DSC samples in any 
order, without operator intervention. The 
system is composed of a removable, 48- 
position sample carousel and a pneumati- 
cally controlled robotic sampling arm. 
Reader Service No. 114. 

è Universal Scientific is now producing 
reversed-phase thin-layer chromatogra- 
phy (RPTLC) plates. The great advan- 
tages afforded by the use of reversed 
phases in high performance liquid chro- 
matography are now leading to the adop- 
tion of this technique in thin-layer chro- 
matography too. Universal’s plates are 
made with a mineral binder capable of 
unlimited use in all potential applications 
of mobile phases rich in water, up to 
100%, or buffer solution, ion-pair chro- 
matography, and with detectors of any 


type. 

Reader Service No. 115. 

è The new HP 3393A computing integra- 
tor from Hewlett-Packard adds advanced 
software to the HP 3390 integrator series 
and provides extensive data-handling 
capabilities for the analytical laboratory. 
It can be used as a companion to gas or 
liquid chromatographs or other analytical 


and advanced decision-making capabili- 
ties are important. The new system not 
only integrates, calculates and reports, it 
also re-integrates, replots and performs 
multi-level calibration. The programming 
language is BASIC. An alphanumeric 
keyboard, thermal printer/plotter and RS- 
232-C, INET (instrument network) and 
sample number-input comunication/ 
control interfaces are built-in. 

Reader Service No. 116. 


è Hamamatsu’s new streak tube, for use 
with the universal streak camera, extends 
streak experiments to 1.5 um. Three plug- 
ins include: a synschroscan plug-in with a 
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instruments where accurate integration — 





high speed repeatable sine-wave drive de- 
flection; a fast plug-in, with time resolu- 


tion of better than 2ps for ultrafast kinetics _ 


experiments; and a slow plug-in, provid- 
ing a larger time window for recording 
phenomena out to Ims full scale. This new 
streak tube is a high sensitivity device with 
built-in microchannel plate for multiplica- 
tion of photoelectrons and weak signal de- 
tection. No external image intensifier is 
needed. The C1587-01 can be used with a 
camera back for photographic recording © 
of the output or with a number of tempor- 
al analyser electronic readout systems. 
Reader Service No. 117. 











Hamamatsu's C1587-01 streak camera. 
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Lina samers | 
REPRODUCIBLE — HOMOGENEOUS — 
EXTREMELY RAPID 


Our new commercial LIPOSOMAT 
guarantees rapid (Sm! within 60 minutes) 
preparation of uniformly sized 


— UNILAMELLAR OR 
~ OLIGOLAMELLAR OR EVEN 
- MULTILAMELLAR LIPOSOMES 


depending on the used experimental 
conditions. Liposome size is selectable 
between 25 and ca. 600 nm diameter up 
to 1000 nm tor multitamellar liposomes 
Sample volume is normally 5-10m! or up 
to 200mi if used in combination with an 
additional instrument. High encapsulation 
efficiency for hydrophilic and/or lipophilic 
agents. Lipid concentration can be up to 
300 mg/ml. Lipid loss during preparation 
is extremely low: down to 0.1% 
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SINGER 
MICROMANIPULATOR 
MK Ill 


con 

single joystick. Continuous variable 
reductions to suit all magnifications. No 
after sales maintenance needed. 

Details from: 

Singer Instrument Co. Ltd., 
Treborough Lodge Roadwater, 


Pe rec 


Watchet Somerset TA23 00L 
England. Tel. (0984) 40226 Telex: 
492 Comcab G. 
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Richard Pearson 


ER education throughout the West- 
orid is being encouraged to increase 
evance to and links with industry. 
of the ‘performance factors’ being 
o measure the effectiveness and rel- 
ie of higher education is the employ- 
tate for newly qualifying graduates. 
countries now collect some basic 
on the initial employment or other 
ations a few months after gradua- 
but in very few has there been any 
erious assessment of the longer-term em- 
oyment pattern of graduates. While the 
itial destination statistics are very valu- 
ble labour market indicators, they take 
O account of the fact that the initial tran- 
tion into employment can be an exten- 
ed process. Not all graduates seek jobs 
aight away, others take a temporary job 
hile awaiting the ‘right’ opportunity, 
hile yet others quickly change jobs and 
areers in the year or two after grad- 
ation. 

A recent study of Australian graduates 
ve years after qualification is therefore to 
ẹ welcomed for the insights it shows into 
1e working of the labour market (P. 
Coyte, Graduates in the Labour Market, 
niversity of Sydney, 1985). The study, 
ased on those graduating in 1979 from 
e Australian universities, gives details 











1 rable 1 Unemployment after graduation 
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es from Graduates in the 
niversity of Sydney, 1985). 


Labour 








000 graduates and their careers. 
ular the study looked at the type 
yment obtained, relative pay, un- 
ent and mobility. 

mon with their contemporaries 
ther countries, Australian grad- 
ave been suffering a deterioration 
job prospects on graduation over 
ew years. As Table 1 shows, their 
ment rate on graduation rose to 
five in the period up to 1983 but 
en has improved somewhat. On 
lary front, graduates’ starting 
have declined by about 20 per cent 
he past six years relative to average 
gs (Fig. 1). 

wever, in terms of longer-term pros- 
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is not an issue. Only 3-2 per cent of those 
graduating in 1979 were unemployed in 
1984 compared with the national rate of 10 
per cent and the 9 per cent who were still 
seeking work six months after graduation 
in 1979. At the time of graduation, sub- 
jects with above average unemployment 
rates included psychology, biological, 

agricultural and earth scientists and eng- 
ineers, all these groups suffering un- 
employment rates in excess of 13 per cent. 

By 1984 the worst unemployment rate was 
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Fig. 1 Salaries on graduation in relation to 
average weekly earnings. 


that being experienced by the earth scient- 
ists, but only at 6 per cent, all the other 
high unemployment subjects having 
improved to around 34 per cent. 
Engineers had improved their position 
even more and fewer than 2 per cent were 
unemployed in 1984. 

In employment terms, the dominant 
sector has been government itself, which 
took 30 per cent of all those graduating 
and more than half of those going into 
employment. By 1984, five years later, 
nearly half of the graduates were in govern- 
ment employment with the number em- 
ployed in education having doubled from 
some 10 per cent in 1979 to over 20 per 
cent in 1984. Industry and commerce’s 
share of the graduates was rather smaller 


in both years, 11 per cent rising to 16 per 


cent. The increasing percentages in em- 
ployment between the years are ac- 
counted for by those choosing postgrad- 
uate studies entering the labour market in 
subsequent years. 

If graduates are advantaged in overall 
employment terms then the survey shows — 
that their salaries are also higher than for 
the population at large. While most grad- | 
uates were earning 10-20 per cent above 
average weekly earnings five years after 
graduation, typically earning $23~27,000 
annually, it was notable that the doctors 
and dentists were, at over $33,000, | 
receiving more than 50 per cent over the 
average (Table 2). However, apart from | 
these exceptions it is remarkable how little 
distinction was found between the relative 
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from other countries. 








udy just published in Australia gives a useful pointer to the status of graduates in the employment | “ 


earnings of graduates in different sub- 
jects. This suggests there may be signifi- 
cant institutional rigidities in graduate — 


salaries in the labour market, possibly, 
because of the dominant nature of the ~ 
in particular = 


public sector employers, | 
education, and their standard pay scales. 
These figures suggest that an assessment 





Table 2 Annual salary five years after 


graduation (1984) 
$A 
Medicine 35,000 
Dentistry 33,050 
Law 27,400 
Engineering 26,501 
Computer science 26,250 
Psychology 24,500 
Physical science 24,000 
Bio science 23,002 
Pharmacy 21,017 
All graduates 25,690 
Average annual earnings 21,200 





of relative earnings will not help prospec- 
tive students choose between subjects. 
One anomaly is that pharmacists, al- 
though they have consistently had the 
lowest unemployment rates and easiest 
transition into employment, have the 
lowest salaries. This may be ‘cause and 
effect — low salaries meaning increased 
job opportunities — but at any rate 
reliance should not be placed on a single 
labour market indicator when assessing 
labour market prospects. 

A significant majority — 59 per cent —. 
of graduates had changed jobs in the five 
years since 1979, with the government sec- 
tor having the highest retention rate. 
Once these graduates did decide to change 
jobs they were likely to leave the govern- 
ment service altogether, in contrast to 
those leaving industry and commerce who 


were more likely to have moved within — 


that sector. The report found no dominant- 
cause of mobility, with personal factors 
such as travel or further study being fre- 
quently mentioned, but salary seemed not 
to be an issue. 
The report concludes that graduates are 

still advantaged in the labour market, 
whether due to the educational process or - 





their inherent abilities is not clear, but that = 


such advantages have deteriorated in re- 
cent years. Apart from dentistry and medi-: 
cine, the distinctions between subjects ap- 
pear less marked (see Nature 310, 260; 
1984) than would be suggested by research 
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Richard Pearson in at the Institute of Manpower 
Studies, Mantell Building, University of Sussex, . 
Brighton BNI ORF, UK. 
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-UNIVERSITY OF. 
CAMBRIDGE 


DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to work with Dr D S 
Bendall on an SERC-funded project 
to isolate and characterize ferre- 
doxin-plastoquinone — oxidoreduc- 
tase, the key enzyme of cyclic photo- 
phosphorylation in chloroplasts. The 

ost will be available for three years 
kom ist October 1985 with salary in 
the range £7,980 — £8,920 (under 
review) according to age and experi- 
ence. 


Applications (with curriculum 
vitae and names of two referees) 
should be sent to Dr D S Bendall, 
Department of Biochemistry, Uni- 
versity of Cambridge, Tennis Court 
Road, Cambridge, CB2 1QW, as 
soon as possible. 


Further details from Dr. Bendall, 
Tel: 0223-351781. (7538)A 


UNIVERSITY OF 
NOTTINGHAM 


Department of Zoology 


POSTGRADUATE 
RESEARCH ASSISTANT 


Applications are invited for the 
above post to work on a project in- 
vestigating kin recognition and mate 
choice in mice. The project is funded 
by the Science and -Engineering 
Research Council and the post is 
tenable for three years commencing 
January 1st 1986. The appointment 
will be made on the first point of the 
salary scale (£6,600) and the success- 
ful candidate will be eligible to read 
for the degree of PhD on a part-time 
basis. Applicants should have a 
grounding in Animal Behaviour at 
undergraduate level. 


Applications together with cur- 
riculum vitae should be sent to Dr C 
J Barnard at the Department of 


Zoology, University of Nottingham ' 


NG7 2RD to arrive by September 
20th. (7932)A 


DURHAM UNIVERSITY 
DEPARTMENT OF PHYSICS 
ep Cncawer: are invited for the post 
ra) a 


w 


SENIOR DEMONSTRATOR 


In the Department of Physics for two 
years from 1 October 1985 or as soon 
as possible thereafter. The Senior 
Demonstrator will be expected to 
carry out undergraduate teaching, 
demonstrating and examination 
duties and to join a small research 
group developing devices for use in 
astronomical observations. 


Initial salary in the range £6,600 — 
£8,530 per annum (under review) 
and, depending upon qualifications, 
will be within National Grade 1A or 
1B plus superannuation. 


Applications (3 oe) namin 
three referees should be sent by 3 
September 1985 to the Registrar, 
Science Laboratories, South Road, 
Durham DH1 3LE, from whom fur- 
ther particulars may be obtained. 
(7551)A 


DIRECTOR OF CELL 


UNIVERSITY OF LEEDS 


DEPARTMENT OF APPLIED 
MATHEMATICAL STUDIES 


LECTURER 


Applications are invited for the 
above post available for a fixed 
period of two years commencing Ist 
October 1985 There may be the pos- 
sibility of a further fixed term 
appointment thereafter. Qualifica- 
tions and special interests in some 
branch of Apphed Mathematics are 
required. 


Salary on the academic scale for 
Lecturers (£7,520-£14,925) (under- 
review), according to age, qualifica- 
tions and experience. 


Informal enquiries may be made 
to Professor F. A. Goldsworthy (tel. 
(0532) 431751, ext 6352). 


Application forms and further 

articulars may be obtained from the 

egistrar, The University, Leeds 
LS2 9JT, quoting reference number 
51/16, closing date for applications 
27 September 1985. (7566)A 


AND MOLECULAR BIOLOGY 





£25,000+ 


G.D. Searle is a major international pharmaceutical 
company whose Research and Development Division, 
operating worldwide, is the basis of its continued 
growth and success. Searle R&D at High Wycombe 
has a reputation for high quality research in both 
medicinal chemistry and molecular biology, the 
company’s activities in biotechnology being focussed 
at this site. The facilities Include recently expanded 
and modernised laboratories and a state-of-the-art 
Biological Development Pilot Plant for the production 
of recombinant DNA and cell derived therapeutic 


agents. , 


As part of new inittatives in Molecular Biology we now wish to 
appoint an accomplished Senior Scientist to direct a combined 
5 department of Cell Biology and Molecular Genetics The 
successful candidate w!!! be expected to co-ordinate and direct 
a series of research programmes aimed at the synthesis or 
discovery of new biological molecules with therapeutic potential 











He/she will have substantial post-doctoral experience of cell 
biological and molecular genetic techniques and will have a 








Company car 


productive research record in a number of areas The qualities 
we seek are those cf imagination, creativity and high scientific 
calibre coupled with the ability to analyse problems, take 
decisions, and communicate ideas readily 


This is a new senior appointment carrying substantial 
managerial responsibility. The new Director will report to the 
senior Director of Research and be responsible for the staff in 
Cell Biology, Molecular Genetics and Protein Engineering 


A highly compettive remuneration package including a 
company car, will be negotiated consistent with the seniority and 


responsibility of this position 


The Company benefits also include 28 days holiday, 
contributory pension fund, health insurance scheme, subsidised 
cafeteria, recreation club, generous relocation assistance where 
appropriate, and pleasant laboratories in an attractive location. 


Please apply to Grant Jenkins, Personne! Director, 


G.D. Searle & 


. Ltd., Lane End Road, High Wycombe, 


Bucks. (Tel High Wycombe 21124, ext. 3374.) Please 


quote reference MG361. 


SEARLE- 





(7567)A 





Ciassified 2 


CSIRO 


AUSTRALIA 


PHYSICAL 
OCEANOGRAPHER 


$33,209 — $45,083 


DIVISION OF OCEANOGRAPHY 
HOBART, AUSTRALIA 


GENERAL: The Division OF Fisheries Reésearch and the Division of Ocean- 
ography constitute the CSIRO Marine Laboratories, which is Australia’s 
principal marine research institution, employing about 230 scientists and 
support staff to investigate the physical, chemical and biological features, 
including fisheries, of the oceans around Australia. 


The Division of Oceanography operates a modern oceanographic research 
vessel as a National Facility and has a satellite receiving station at the 
Laboratory. 


Computing facilities availabie include two VAX 11/750s, one located at the 
Marine Laboratories and one on the vessel, and on-line access to a CYBER- 
205 


The interests of the Division in physical oceanography include continental 


shelf dynamics, mixed-layer dynamics, air-sea interaction, ocean circula- 
tion and boundary currents, the interpretation and appitcation of satellite 
data, surface waves, numerical modelling and geophysical fluid dynamics. 


DUTIES. The appointee will initiate and direct a program of research into 
the role of the ocean tn climate prediction, The program can involve field- 
work contributing to the establishment of a global ocean observing 
system, theoretical studies directed ‘toward interpretation of ocean vari- 
ability and application of statistics on climate research. 

QUALIFICATIONS A PhD or equivalent qualifications in physical ocean- 
ography, geophysical fluid dynamics or some other relevant discipline 
plus a distinguished record of research accomplishments and publications 
in internationally recognised journals, as wel! as an ability to lead a 
program involving several scientists and staff. 

TENURE: Indefinite with Australian Government superannuation benefits 
available. 

APPLICATIONS: Stating relevant personal particulars, including details of 
qualifications and experience, the names of at least two professional 
referees and quoting reference No, A6815, should be directed to: 

The Chief 

CSIRO Division of Oceanography 

CSIRO Marine Laboratories 

GPO Box 1538 

HOBART TAS 7001 


by 30 September 1985. 
AB1 HS2529 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W217B)A 





DEPARTMENT OF CHEMISTRY 
University of Toronto 


The Physical Sciences Division, Scarborough Campus, Univer- 
sity of Toronto, invites applications to a tenure-stream Assistant 
Professor position in Physical Chemistry or Chemical! Physics, to 
begin July 1, 1986. The appointee will be expected to carry outa 
strong research programme, including supervision of graduate 
students and teaching of graduate courses. Undergraduate 
teaching duties will include responsibility for the laboratory 
component of the Physical Chemistry programme as well as 
lecturing in Physical and General Chemistry. Salary will be com- 
mensurate with qualifications and experience. This advertise- 
ment is directed, in the first instance, to Canadian citizens and 
permanent residents 

Applications should be sent, by November 30th, 1985, to: 

Professor J. M. Perz, Chairman 
Physical Sciences Division 
Scarborough Campus, University of Toronto 
1265 Military Trail 
Scarborough, Ontario 
Canada M1C 1A4: 
(NW224)A 
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AFRC FOOD RESEARCH INSTITUTE 


PRINCIPAL _ 
SCIENTIFIC OFFICER | 


A senior Scientist is required at this Institute to be theleader of 
a team Mvasugatung factors affecting the quality of poultry 
meat. 


The successful candidate will be required to: 

1. Define the basic fundamental properties of poultry meat 
and determine those factors which are of importance in estab- 
ishing its suitability for poultry based products. 

2. Improve the efficiency of further processing by deter 
mining the factors which control unit operations in poultry 
manufacture, : 

3. Determine the relative importance of breeding, rearing and 
processing factors in the maintenance of prodtct quality. 
QUALIFICATIONS: 1st or 2nd class honours degree in Food 
Technology, Food Science, Applied Biochemistry or equiv- 
alent with preferably a Ph.D. Atleast four years post qualifying 
experience is required and experience of the poultry industry 
and/or commercial meat products manufacture or equivalent 
experience with other foodstuffs preferred. 

Salary (PSO Grade) £12,357—£16,462 

Permanent Post with Non-Contributory Pension Scheme. 
Application forms, quoting reference 85/1-to Personnel 
Officer, Agricultural and Food Research Council, Food Re- 
search Institute, Langford, Bristol BS18 7DY. Tel: Churchill 
(0934) 852661. ` (FE71)A 


-.We invite 


SCIENTISTS 
with Ph.D. and/or M.D. degrees 
to apply for 
TENURE TRACK 
POSITIONS | 


at the Assistant Professor Level. 


The Department of Biochemistry is committed to a strong 
research effort in genetic approaches to problems of 
cellular. growth, differentiation, and contro! mechanisms. 


The Department is in a modern building with well-' 


equipped laboratories. Current faculty research interests 
include gene regulation, hormone stucture and function, 
neurochemistry, and enzyme regulation. Appointees will 
be expected to maintain an independent, externally- 
funded research program that addresses eukaryotic cellu- 


lar and organismic problems in terms of gene structure | 
and regulation. Opportunities exist for teaching in our’ 


Ph.D. and M.D. programs. Applicants should submit a 
curriculum vitae, reprints, an outline of planned research, 
and should arrange to have letters of support from three 
individuals sento to: 


D. James McCorquodale, Ph.D. 
Chairman of Search Committee 
Department of Biochemistry 
Medical College of Ohio 

C.S. #10,008 

Toledo, OH 43699 


An Equal Opportunity Employer. (NW237)A 


i 
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Protein chemists 
experienced in the 
purification and physico- 
chemical analysis of 
proteins and antigens. 


Recombinant DNA 
scientists experienced in 
cloning DNA fragments 
into plasmid vectors and W 
nucleic acid isolation from %& 
mammalian genes. 
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Immunologists experienced in 
the development of enzyme- 
antibody conjugates and 
investigation into new 
immunoassay Ve 
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the right chemistry? 


ICI is currently going through a period of 
major diversification and expansion into 
the medical diagnostics field with the 
establishment of the new ICI Diagnostics 

roup. Backed by substantial scientific 
and financial resources, the new group Is 

pursuing a broad strategy embracing m- 

house research, product licensing and 
collaborative projects designed to make 
the company a major force m diagnostics. 
Shown here Is the range of scientific 
personne! we seek to join anew and 
dynamic research team involved in the 
development of nucleic acid - and 
immunoassay - based diagnostics for 
medical applications Emphasis will be 
strongly based on the design of new 
diagnostics and the use of non-isotopic 
detection technology. 

We are interested in applicants holding a 
good first degree or suitable equivalent 
qualifications, and those holding a Pn D 

with, preferably, postdoctoral experience. 

Candidates should have a broad interest 
in the diagnostics field together with a 

flexible and adaptable approach to 
research areas geared to the market 
place This will require a rare combination 
oi both research and practical interest in 
the development of non-isotopic nucleic 
acid and immunoassay systems. 

In return, we offer excellent technical . 
facihties in attractive ‘Greenfield’ 
surroundings, opportunities for rapid 
career progression as the group expands, 
highly competitive salaries and 
conditions and a generous relocation 
package 
We intend to hold a series of regional 
meetings during September when 
selected applicants will be invited to find 
out more about our move into medical 
diagnostics. 

Those who wish to take advantage of 
this exciting opportunity should send 
details of their career to date to 
Dr Trevor Twose, R & D Manager. 


Diagnostics 
Group 
Stuart House, n Alderley n 


Wilmslow, Cheshire SK9 1RE, UK. 
Telephone- 0625 522022 


Classified 4 


Duphar B.V. 1s a medium-sized internationally 
orientated pharmaceutical company with a range 
of ethical pharmaceuticals originating from its 
own research and development. Compared with 
the pharmaceutical industry in general, Duphar 
reinvests a large proportion of its turnover in R&D. 
Mayor areas of research are in the central nervous, 
vascular and gastro-intestinal systems. The R&D 
facility is situated tn pleasant surroundings, 
sixteen kilometers from Amsterdam. 


Duphar’s Pharmacology Department 
(about 60 staff) is housed in well-equipped 
new laboratories. 

This department has a vacancy for a 


pharmacologist 


as group-leader in the Section Gastro-intestinal 
System. 


The appointee will lead a small team studying 
the effects of drugs on isolated organs and other 
in vitro preparations. He (she) would be expected 
to initiate and pursue innovative research in this 
area. 


For this position a PhD and post-doctoral 
experience tn a relevant area are thought to be 
indispensable. Industry experience, although 
desirable, is not essential. 

The candidate should possess good organizing 
and leadership qualities and be prepared to work 
as part of a team. Proficiency in written and 
spoken English is essential, and the candidate 
would be expected to learn the Dutch language 
within a reasonable period of time. 


We offer a congenial work climate with excellent 
social conditions and interesting career options in 
a fast growing company. 


For further information please call Dr. Paul Bevan, 
head of the department, tel. 02940 - 79208 or 
035 - 49262, or Mrs. D. van Dalen, 

head of the Gastro-intestinal System Section, 
tel. 02940 - 79292 or 02159 - 48463. 


Applications including C.V. shouid be sent to 
Dr L.C. Post, Personnel Department, Duphar B.V., 
P.O. Box 2, 1380 AA Weesp, the Netherlands. 


(W2169)A 





duphar 


DUPHAR BNV., 
Farmaceutisch-Chemische Industrie 
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THE AUSTRALIAN NATIONAL UNIVERSITY 
MINERALOGY RESEARCH CENTRE 


POSTDOCTORAL FELLOW/ 
RESEARCH FELLOW/ 
SENIOR RESEARCH FELLOW IN 
MINERALOGY 


This Centre has been formed to foster a collaborative research effort 
between the Inorganic Solid State Chemistry group of the Research School 
of Chemistry (Professor B.G. Hyde) and the Petrophysics group of the 
Research School of Earth Sciences (Dr MS. Paterson) and other indi- 
viduals in the latter School (Dr J.D. FitzGerald, Dr L -G. Liu, Dr iN.S 
Jackson) and the Department of Geology (Dr R.A Eggleton). In addition, Dr 
A.C. McLaren has been appointed to a Professorial Fellowship, jointly in 
both schools. i 


Research interests include defects in minerals, and their effects on struc- 
ture and plastic deformation behaviour, phase transformations and trans- 
formation mechanisms in minerals and mineral analogous (particularly 
under the influence of high pressure), grain boundary structures, and the 
underlying causes of structure stability and instability at the atomic level 
Available experimental facilities include high pressure, high temperature 
equipment of various type (ranging up to several tens of GPa), and electron 
microscopes, a new Philips 430 (with EDX and EELS) as weil as a JEOL 200 
CX (ultra-high resolution and JEOL 100 CX 


Applications are invited from suitably qualified women and men for an 
appointment in one of the above areas. The level of appointment will be 
determined by the University, and will depend on qualifications and 
experience. The preferred level is Research Fellow; itis possible that more 
than one appointment will be made. There is no application form Appli- 
cants should supply to the Acting Registrar of the University a curriculum 
vitae, list of publications, and statement of research interests, together 
with two passport-sized photographs, the names and addresses of three 
academic referees and the probable date on which the appointment could 
be taken up. 


Closing date; 31 October 1985 Ref: RC8.8 1 


CONDITIONS OF APPOINTMENT. Salary will be in accordance with quali- 
fications and experience within the range: Postdoctoral Fellow Grade 1 
$A22.614 — $A25,905 p.a.; Research Fellow $A26,236 — $A34,467 p.a, 
Senior Research Fellow $A36,649 — $A43,715 p a.; current exchange rate 
$A1 = UK 50p. 


Appointment will be. Sentor Research Fellow/Research Fellow normally 
up to three years with the possibility of extension to maximum of five 
years, Postdoctoral Fellow normally two years, with the possibility of 
extension to maximum of three years 


Grants are provided towards travel and removal Assistance towards 
housing is given to an appointee from outside Canberra. Eligible 
appointees will be required to join the Superannuation Scheme for 
Australian’ Universities. Maternity leave ts available The University re- 
serves the right not to make an appointment or to make an appointment by 
Invitation at any time Applicants should quote the advertisement refer- 
ence when submitting applications, and when requesting further particu- 
lars which are available from the Acting Registrar of the University, GPO 
Box 4, Canberra, ACT 2601, Australia, or from the Secretary General, 
Association of Commonwealth Universities (Appts), 36 Gordon Square, 
London WC1H OPF 


THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
(W2183)A 


POST DOCTORAL 
RESEARCH POSITION 


available immediately for a minimum of three -years to 
study Celi Surface Phenotype, DNA Content and Kinetic 
Properties of Lymphoma cells using the flow cytometer as 
the main analytical instrument. Independent research in 
related areas such as Lymphoma Growth Regulation and 


Differentiation, and Anti Idiotypic Antibody Production 
will be encouraged. 

At least two years experience in cell biology and/or cellu- 
lar immunology is required. Stipend commensurate with 
experience. 

Please send a CV and names of references to: Paul C. 
Braylan, M.D., Professor, Department of Pathology, Box 
J-275, JHMHC College of Medicine, University of Florida, 
Gainesville, Florida 32610. (NW130)A 
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Classified 5 


Tropical Development and Research Institute 





The TORI ts one of the scientific units of the Overseas Development 
Administration and collaborates with the AVERNE countries to solve 
agricultural and health problems 


Applied Research 
into Animal Products 


Culham, Nr Abingdon , 


To help develop a research programme covering meat handling and 
processing, including by-products and hides and skins. You will be expected 
to execute apphed research programmes in meat and hides and skin 
technology and assist in the provision of advice on the handling and 
processing of meat in developing countries. You should be prepared to 
undertake long or short assignments overseas 

Appointment as Scientific Officer. Ref: SB/28/JD 


Horticultural 
Crop Technology 


London 


To provide advice and technical input on aspects related to produce 
handling, storage, transport and quality control to programmes in horti- 
cultural produce marketing at the feasibility, design and implementation 
stages. You will also be required to undertake applied research or training 
in the context of post-harvest techniques and applications in this area. You 
should be prepared to undertake long or short assignments overseas 

Appointment as Senior Scientific Officer. Ref: $B/29/JD 


Applied Research in Meat 
science and Technology 


Culham, Nr Abingdon ; 











To investigate, as a team leader, post-harvest aspects of meat, hides and 
skins. You will research into meat science and technology both in the UK 
and overseas, advise on meat handling and processing in developing 






BIOCHEMIST/CELL BIOLOGIST 


We seek a scientist with expertise in one or more of the following areas. 
(1) epithelial and/or vascular celi culture techniques, (11) cellular electro- 
physiology, (iii} aerobic/anaerobic metabolism, and {iv} phospholipid reg- 
ulation in cell or organellar membranes. 

The primary appointment at the assistant, or possibly associate, professor 
level will be in the Department of Medicine at the University of Colorado 
School of Medicine.. The successful candidate will interact with a large 


group of investigators investigating the pathogenesis and prevention of 
polycystic kidney disease and renal ischemia. 

Applicants should send curriculum vitae, names of three references, anda 
brief statement of research interests, as they apply to the four areas listed 
above, no later than 1 October 1985 to: T. J Burke, Ph.D., c/o Search 
Committee, Renal Division, C281, University of Colorado Health Sciences 
Center, 4200 East 9 Avenue, Denver CO 80262. The University of Colorado 


is an Equal Opportunity/Affirmative Action Employer (NW234)A 





countries and assist in the hides and skins Srami You should 
be prepared to undertake long or short assignments overseas 
Appointment as Senior Scientific Officer. Ref: $B/30/JD 


Fish Technology 


London | 


Two fish technologists are required to be concerned initially with 
applied research and development work with fish products including 
biochemical analysis, product development and pilot-scale production 
trials The ability to lead a small team and work independently ts 
Important. The work 1s likely to involve short and long term assignments 
in developing countries. 

Appointment as Higher Scientific Officer. Ref: $B/31/JD 


Freshwater Ecology 


London 


To assess effects of pesticides on non-target fauna by information 
retrieval and research and to work overseas in less developed countries 
possibly for long periods in the field Candidates must be freshwater 
ecologists preferably with experience of toxicological work and aquatic 
tropical fauna. 

Appointment as Senior Scientific Officer. Ref: SB/32/JD 








Salary and Qualifications 


Scientific Officer: £6190 - £8560 A degree or equivalent qualification 
in an appropriate discipline, such as biochemistry or food science. 

Higher Scientific Officer: £7785 - £10,540 A good honours degree 
or equivalent qualification in an appropriate discipline such as biochemistry 
or food science. At least 2 years’ post-graduate experience is required . 
preferably in applied research on fish products or other foods 

Senior Scientific Officer: £9770 - £12,650. Good honours degree or 
equivalent in an appropriate discipline and at least 4 years’ post-graduate 
experience. 

The London posts attract £1365 Inner London Weighting 

For further details and an application form (to be returned by 
20 September 1985) writs to Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 1B, or telephone Basingstoke (0256) 468551 
(answering service operates outside office hours). 

Please quote appropriate reference. 

The Civil Service is an equal opportunity slag 
, (7561)A 


Scientitic 


a Civil SEP VİCE mmmn 


DEPARTMENT OF CHEMISTRY 
University of California, Berkeley 
Applications are invited for a position at the level of 


ASSISTANT PROFESSOR OF CHEMISTRY 


available fall 1986, pending budgetary approval. We are interested in 
outstanding candidates, with exceptional promise in teaching and 


research in experimental physical chemistry 


Candidates should submit curriculum vitae (including a list of publications 
and a summary of their teaching and research objectives), and request 


three letters ‘of reference, all to be sent to’ Chairman, Faculty Recruiting 
Committee, Department of Chemistry, University of California, Berkeley, 
California 94720. Deadline for receipt of applications is 1 October 1985. The 
~ University of California is an Equal Opportunity/Affi ee Action 
Employer. (NW235)A 
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MRC CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 

Watford Road, Harrow 

Middlesex HA1 3UJ 


ENDOCRINOLOGY RESEARCH GROUP 


CAREER SCIENTIST 


Applications are invited for a career non-clinical sctentific post with the 
MRC, tenable at this unit in the first instance. 


The successful candidate will have relevant experience tn both cellular 
biochemistry and in molecular biology techniques. Expertise in the 
primary culture of cells ıs essential as are sound microbiological tech- 
niques and practice. This should inctude validation of DNA and RNA 


DIRECTOR | 


SCRIPPS 
INSTITUTION OF 
OCEANOGRAPHY 


The University of California, San Diego, is seeking a new 
leader for its marine research activities, effective upon the 





retirement of Dr W. A. Nierenberg from the SIO director- 
ship June 30, 1986. 

The position combines three functions: Vice Chancellor 
for Marine Sciences, Director of the Scripps Institution of 
Oceanography, and Dean of the Scripps Graduate Faculty. 


lt includes a tenured professorship on the San Diego 
Campus with the related implications of substantial re- 
search achievement. 


To be assured of consideration, nominations and applica- 
tions should be mailed by October 4, 1985, to: 


Professor Walter H. Munk, Chair 
SIO Director Search Committee 
Scripps Institution of Oceanography 
Mail Code A-025, La Jolla, California 92093 

Applications should include a complete resume and the 
names of at least three referees. A detailed description of 
the position is available upon request. 
The University of California is an Equal Opportunity/ 
Affirmative Action Employer. (NW203)A 





CURATOR=MAMMALOGY 


The American Museum 
of Natural History 


The Department of Mammalogy tnvites applications for a tenure- 
track curatorial position in Mammalogy. A prime requisite is indep- 
endent and vigorous collection-onented research in systematic 
mammalogy, including an ability to apply the results of systematic 
investigations to problems in phylogenetic reconstruction, evolution- 
ary theory, functional morphology, biogeography, behaviour, and 
natural history. Each applicant must also have a strong publication 
record, and a willingness to assume an active role in curation and 
augmentation of existing mammal collections through active and 
competent field investigations. It is further expected that the suc- 
cessful applicant will participate in Museum committees, in the 
Museum’s exhibition program, and in appropriate professional soc- 
eties. The applicant should have the ability or potential to assume the 
chairmanship of the Department of Mammalogy at some point in 
his/her career. The position is available after February, 1986. The 
successful candidate must have completed all requirements for the 
Ph.D. by time of appointment. Applications should tnclude (a) a 
statement of research interests and professional goals, (b) curriculum 
vitae; (c) complete bibliography, and (d) the names, addresses, and 
phone numbers of at least five persons familiar with the applicant’s 
qualifications. Applications must be submitted by 15 December 1985 
to Dr. Guy G.’ Musser, Chairman of Search Committee, Department of 
Mammalogy, The American Museum of Natural History, Central Park 


West at 79th Street, New York NY 10024, ' 


U.S.A. An equal opportunity (M/F/H), affir- 
mativeaction employer. (NW228)A 


American Museum 
of Natural History 





hybridisation experiments, initiating gene cloning and DNA sequencing 
analysis. This part of the team’s programme will be concerned with estab- 
lishing the structure of hypothalamic and gonadal neuropeptide and 
hormone genes and designing experiments to determine their regulation. 


Applicants should be capable of developing independent research pro- 
grammes complementing the other activittes of the group, and should 
have an excellent publication record. 


Salary scales are closely related to those of university non-clinical 
academic staff. 


informal enquiries may be made by contacting Dr Clayton, phone no. 

021-472 1311 

Further information and an application form may be obtained from Miss 

B. A. Shaw, with whom applications — including a full cv (detailed 

research proposals) and the names of two professional referees should be 

lodged by 27th September 1985. Please quote ref. no. 111/1/3983. 
(7547)A 


SENIOR POSITIONS IN CLINICAL/ 
MOLECULAR GENETICS . 
MEHARRY MEDICAL COLLEGE 


Two senior positions are available in the Department of 
Pediatrics as follows: 


I. A chair professorship endowed by the Kellogg 
Foundation. We are interested in making an appoint- 
ment, as soon as possible, of an individual with pro- 
fessional interests in Clinical/ Molecular Genetics, 
although exceptionally talented individuals with re- 
search interests in other areas will be considered. 


. Under the sponsorship of the March of Dimes — Birth 
Defects Foundation, Meharry Medical College will 
appoint a distinguished scientist in the area of clinical 
genetics and/or molecular biology in its Department of 
Pediatrics. The position is sponsored under a co- 
Operative program between the March of Dimes — 
Birth Defects Foundation and Meharry Medical 
College. 


For both positions, opportunity will be created for joint 
appointments in appropriate basic science departments. 
Interested individuals should hold the M.D. degree or 
MD/PhD and possess professional experience appro- 
priate for appointment at the level of Associate or Full 
Professor. The selected individuals are expected to have 
demonstrated leadership qualities necessary to catalyze 
institution-wide interest and expansion of research in 
clinical/molecular genetics and/or research related to 
birth defects, and to participate in regular reaching/ 
patient care and postgraduate training programs of the 
Department of Pediatrics and/ or appropriate basic 
science department. 


Nominations or applications, containing curriculum vitae, 
ndmes of four individuais who may be contacted for 
reference, and a summary of research interests or on- 
going projects, should be sent to either: Ifeanyi J. Arinze, 
Ph.D., Chairman, Department of Biochemistry, or Festus 
Adebonojo, M.D., Chairman, Department of Pediatrics, 
Meharry Medical College, Nashville, Tennessee 37208. 
Meharry Medical College is an equal opportunity/affirma- 
tive action employer. (NW171)A 
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Ware, Herts 


Glaxo Group Research is Britain's leading pharmaceutical research organisation, witha 
high tnternational reputation for discovering and developing safe and effective 


hs 


- Biochemical Pharmacology 
©; Drug Metabolism and Bio-analysis 


Classified 7 


AAAA NA N S WO A y a es A Ate we 
w e w naty ~ ~~ m © 

Ay `, 

s, 

wa g 


ado tan pee Wee ee ne 


? 


medicines. We now have an opportunity for an experienced drug development scientist 


The department ıs responsible for investigating the metabolism of candidate drugs in 
both animals and man, and for the analysis of drugs in biological matrices in support of 
toxicological and clinical studies, both within and outside the Company. It also provides 
clinical chemistry services to the Glaxo Group and a mass spectrometry service for our 
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The University of Pittsburgh 
has initiated a 
CENTER FOR THE MOLECULAR AND 
GENETIC ANALYSIS OF DEVELOPMENT 
(CMGAD) 


and will be filling several FACULTY POSITIONS over the next few 
years to augment existing strengths in this area. The Department 
of Biological Sciences is currently recruiting to fill at least one 
related position at the Assistant Professor level or above; two 
positions could be available for the right combination of candid- 
ates. Applications are invited from those using molecular and/or 
genetic methods to study development or closely related pro- 
cesses in any of several systems including, but not limited to, 
yeast, trypanosomes, C. elegans, Drosophila, amphibians, 
rodents, and primates. Candidates should send a curriculum 
vitae, a Statement of Research Interests, and the names of three 
references to: 
Search Committee, CMGAD 
Department of Biological Sciences 
University of Pittsburgh 
Pittsburgh, PA 15260 
Additional appointees are being sought for a parelle! and com- 
plementing Center for the Analysis and Design of Macromolec- _ 


ular Structure (CADMS), 
The University of Pittsburgh is an equal Pe on Tope 
W206 
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research chemists. 

Reporting to the divisional director, the Head of Biochemical Pharmacology will be 
responsible for all aspects of this work at our Ware site, and will be expected to make a 
significant scientific contribution to the work of the department. The department enjoys 
modern purpose-built facilities, and makes extensive use of automated techniques and 
electronic data processing. The present staff of 45 1s expected to increase significantly 


over the next few years. ‘ 
The person appointed will be required to bring both managerial skills and scientific 
expertise to the job. Candidates should therefore have extensive experience in either 
drug metabolism or the quantitative analysis of drugs in biological systems, and should 
be familiar with the techniques and approaches of the other discipline. They should also 
have several years’ experience of managing a sizeable group either within the 
pharmaceutical industry or in a contract research laboratory. It 1s unlikely that people 
younger than their mid-30's wil! have gained sufficient experience. 
The benefits package will reflect the importance of this senior appointment. It will 
include a company car, non-contributory pension and participation in Glaxo Group 
profitability. Generous assistance with relocation will be available where appropriate. 
Please forward a curriculum vitae or contact in confidence Dr. D.J.H Humphreys, Site 
Personne! Manager, Glaxo Group Research Ltd., Ware, Herts SG12 ODJ. Telephone: 
(7594)A ee : 
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CELL/MOLECULAR 
BIOLOGIST 


The Eppley Institute for Research in Cancer 
of the 
University of Nebraska Medical Center 


Applications are invited for a faculty position (Assistant Professor) in a 
University-affiliated institute studying various phases of the cancer 


problem. 
The Eppley institute, which is committed to interdtsciplinary cancer 
research, includes biochemists, biologists, chemists, nutritionists, patho- 
logists, pharmacologists, virologists and immunologists 
We are currently seeking an individual with a research program in carcino- 
genesis, membrane biology, biochemical genetics, mutagenesis, DNA 
repair, virology or cell differentiation 
The position ts currently on the non-tenure track with the initial appoint- 
ment for three years The successful candidate would hold a joint 
appointment in a basic science department and would contribute to fur- 
thering graduate education on the UNMC campus. 
interested applicants should forward a complete curriculum vitae, the 
names of three referees and a brief statement of their research program to. 


Dr Edward Bresnick 
Director, Eppley Institute for Research in Cancer 
_University of Nebraska Medical Center 


“Omaha, Nebraska 68105 
(NW236)A 


Classified 8 


CSIRO 


AUSTRALIA 


RESEARCH FELLOW 


$A26,001 — $A38,243 


(ORGANIC CHEMISTRY/ 
ORGANIC POLYMER CHEMISTRY) 


DIVISION OF MOLECULAR BIOLOGY 
` NORTH RYDE, NSW 


CSIRO conducts scientific and technological research in laboratories | 


located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization’s research activi- 
ties are grouped into five Institutes: Animal and Food Sciences, Biological 
Resources, Energy and Earth 'Resources, Industrial Technology and 
Physical Sciences. The CSIRO Division of Molecular Biology is a member 
of the institute of Animal and Food Sciences. l 


Applications are invited from suitably qualified research scientists for the 
position of Organic Polymer Chemist. We are seeking a scientist with a 
solid background in organic chemistry or organic polymer chemistry to 
undertake research into coupling bioactive substances to synthetic or 
natural polymers. if necessary some preliminary training in advanced 
polymer chemistry could be arranged | 


The appointee will have a key role in a multidisciplinary research team 
working on developments of novel biomaterials and the opportunity to 
interact with other polymer scientists with CSIRO. The team consists of 
biomaterials scientists and biologists studying cell-matertal interactions of 
relevance to biomedical technology and basic cell biology. ' 

A PhD degree or equivalent qualification plus research ability is required. 
Experience in either biological chemistry or protein chemistry would be 
advantageous. 

The position ts available for 3 years with Australian Government super- 
annuation benefits available. 

Applications must be jn writing stating relevant particulars, the names of 
at least two professional referees and quoting reference No. M9834, 


addressed to: 


The Chief 

CSIRO Division of Molecular Biology 
PO Box'184 

NORTH RYDE NSW 2113 
AUSTRALIA 


by 4 weeks from date of publication 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W2179)A 


{ 
Harvard University | 


ASSISTANT PROFESSOR 


CELLULAR AND DEVELOPMENTAL 
BIOLOGY (CDB) i 


The Department of Cellular and Developmental Biology intends to make 
one and possibly more appointments at the assistant professor level effec- 
tive July 1, 1986. Our department covers a broad range of topics in cellular 
biology and developmental/ molecular genetics. We are seeking outstand- 
ing candidates in these fields. We are particularly interested in possible 
appointments in the areas of vertebrate development, neurobiology, plant 
molecular biology, and cell biology. However, we will consider exception- 
al applicants in other fields as well. We encourage applications from 
women and minority groups Applications should include curriculum 
vitae, reprints of publications, and a statement of research plans. Com- 
plete applications and three letters of recommendation, solicited by the 
applicant, should be received no later than October 31, 1985 by. 


Diane Baldwin, Administrator 
CDB Search Committee 
, Cellular and Developmental Biology 
i The Biological Laboratories 
Harvard University 
16 Divinity Avenue 
Cambridge, MA 02138 
Harvard University is an Affirmative Action/Equal Opportunity Employer 
i (NW102)A 
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HEAD OF 
MICROBIOLOGY 


Dalhousie University is seeking an tndividual with a strong record 
of accomplishments in the areas of research, education and ad- 
ministration to provide leadership for its Department of Micro- 
biology which includes 12 full-time and 18 cross-appointed 
members. This person is expected to have a Ph.D. and/or M.D. 
degree and must be able to administer the Department's aca- 
demic responsibilities in undergraduate, graduate and residency 
programmes while promoting and enhancing the status of 
Departmental research efforts. He or she will also assume, 
directly or through administrative organization, the res 
ponsibility for operation and development of laboratories in af- 
filiated teaching hospitals. ' 


Interested candidates should apply, with curriculum vitae and 
names of three referees, to: 


Dr Raymond Fenwick 
- Chairman of the Microbiology Search Committee 
Dalhousie University Faculty of Medicine 
Halifax, Nova Scotia, Canada B3H 4H7 


Dalhousie University is an equal opportunity employer but in 
accordance with Canadian immigration requirements, priority 
will be given to Canadian citizens and permanent residents of 
Canada. (NW204)A 








SCOTTISH NATIONAL BLOOD TRANSFUSION SERVICE 
— PROTEIN FRACTIONATION CENTRE — 


CELL BIOLOGIST 


in the Research and Development Department 


The Centre is responsible for the large-scale processing of 
human plasma to produce protein concentrates for clinical use. 


A post is available to work as part of a multidisciplinary team in 
collaboration with the University of Edinburgh developing new 
approaches to the production of therapeutic proteins and pro- 
cessing reagents. The object of the work will be to develop cell 
lines derived from human tissue producing proteins of potential 
clinical interest and suitable for large-scale in vitro culture. 
Applicants should have post-doctoral experience of mammalian 
sellareaiaulation techniques including cell fusion. 

Conditions of employment are according to Whitley Council 
arrangements for Biochemists and Physicists. 

Further information and application forms can be obtained from: 
Unit Administrator, Scottish National Blood Transfusion Ser- 
vice, Protein Fractionation Centre, 21 Ellen's Glen Road, 
Edinburgh EH17 7QT. Telephone: 031 664 2317. (7S91)A° 








The University of Pittsburgh 
‘ has initiated a 


CENTER FOR THE ANALYSIS AND 
DESIGN OF MACROMOLECULAR STRUCTURE 
' (CADMS) 


and will be filling in several FACULTY POSITIONS over the next 
few years to augment existing strengths tn this area. The Depart- 
ment of Biological Sciences is currently recruiting to fill at least 
one related position at the Assistant Professor level or above; 
two positions could be available for the right combination of 
candidates. Applications are invited from those using X-ray 
crystallography, spectroscopic methods (e.g. NMR), electron 
microscopy, or other biophysical or molecular genetic methods 
to study structure-function relationships in macromolecules or 
their assemblies, including, but not limited to, protein com- 

lexes, protein-nucleic acid complexes, viruses, and mem- 

ranes. Candidates should send a curriculum vitae, a Statement 
of Research Interests, and the names of three references to: 


Search Committee, CADMS 
: Department of Biological Sciences 
University of Pittsburgh 
; Pittsburgh, PA 15260 i 
Additional appointees are being sought for a parallel and com- 
penent Center for the Molecular and Genetic Analysis of 
evelopment (CMGAD). 
The University of Pittsburgh is an equal opportunity employer. 
(NW207)A 
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NEW YORK UNIVERSITY MEDICAL CENTER 


POSTDOCTORAL 
RESEARCH FELLOW 


PhD with background in immun- 
ology-molecular biology Salary 
$17,500. Appointment for two- 


We are looking for 


Classified 9 











Ua BIOLOGISTS or 


Research involves human thymo- 
cyte and T-cell function, mechan- 
ism of lymphokine synthesis and 
expression of IL-2 receptors 


Sendc.v to. Dr G. H. Reem, Depart- 
ment of Pharmacology, New York 
University Medical Center, 550 
First Avenue, New York, NY 10016 


AGRONOMISTS 


who are interested in the development of insecticides and rodenticides and 


é 


(NW232)A would like to join a lively, energetic team. 





ASSISTANT 
RESEARCH BIOCHEMIST 


Ph.D with major field of study 
in Biochemistry. Knowledge of 
molecular cloning, celi biology 
and hematopoietic growth 
factors required. Duties: 
Research and analyze hemato- 
poietic growth factors with 
emphasis on molecular clon 
ing for macrophage colony 
stimulating factor. $25,000/yr. 
Job site Los Angeles, CA. 


Send this ad & resume/letter 
stating your qualifications to 
Job #1239, P.O. Box 9560, 
Sacramento, CA 95823-0560, 
not later than 3/20/85. 
(NW227)A 





We are looking for applicants who, since completing their degree course, have 
gained relevant practical or industrial experience. 


CIBA-GEIGY is a multinational company with strong research commitments in 
the pharmaceutical and agricultural sectors. The job is located at our head 
office in Basle, Switzerland. The successful applicant will be required to spend 
brief periods abroad. A sound knowledge of English and German is required. 


Please send your application, marked “Nature 849”, together with brief details 
of age, qualifications, practical experience, etc to Mr H. Gerber, CIBA-GEIGY 
Limited, Personaldienst, Postfach, 4002 Basel, Switzerland. 


CIBA—GEIGY 


(W2170)A 








ASSISTANT PROFESSOR 









Department of Pathology is seeking a Hematipathologist for a 
Junior Faculty tenure accruing position. Candidate must have a 
M.D. degree and must have experience in diagnostic hemato- 
pathology. A strong interest in pursuing research activities in the 
areas of tumor biology, celiular immunology or molecular biol- 
ogy. it is expected that such an individual would share diagnostic 
responsibilities including interpretation of bone marrow and 
lymphoil tissue biopsies and immunophenotyping of normal and 
neoplastic leukocytes using modern flow cytometric techniques 
and tissue section labelling. The individual will also be involved 
in the training of pathology residents and graduate students. 
Recruiting deadline is October 1, 1985 with an anticipated start 
date of November 1, 1985. 

_Applications should be sent to: Paul C. Braylan, M.D. Professor, 
Department of Pathology, Box J-275, College of Medicine, Uni- 
versity of Florida, Gainesville, Florida, 32610. 


Equal Opportunity Employment/Affirmative Action Employer. 
q pp y Emp TZIA 


University of Michigan 


SEDIMENTARY GEOLOGIST 


The Department of Geological Sciences seeks a replacement for retiring 
James L Wilson and invites applications for a tenure-track position at any 
level, commensurate with the qualifications of the applicant, to start in 
September, 1986 We are looking for an outstanding researcher with broad 
interests to jom B. H. Wilkinson and K., C Lohmann in the Sedimentary 
Geology Group We will consider expertise in a variety of areas but are 
particularly interested in individuals with backgrounds in siliciclastic dia- 

enesis, tectonic stratigraphy and petroleum geology Teaching responsi- 
Bilities include introductory, field and graduate offerings according to the 
candidates qualifications 


interested persons should send a resume, names of 5 persons from whom 
the Department may request letters of recommendation and a brief state- 
ment of research interests to: 


Bruce H. Wilkinson, Search Committee Chairman 
Department of Geological Sciences 
The University of Michigan 
1006 C.C. Little Building, 

Ann Arbor, Mi 48109-1063 
ye eaten will close January 1, 1986, but later applications will be con- 
sidere 
The University of Michigan is a non-discriminatory, affirmative-action 
employer (NW217}A 








MOLECULAR BIOLOGY AND 
GENETICS 


The University of Guelph, in expanding its research base in 
molecular genetics, is seeking applications for tenure stream and 
NSERC sponsored faculty positions. Opportunities include: 


New research and teaching facilities on a historic and 
picturesque campus. 


Established graduate and undergraduate programs in 
Molecular Biology and Genetics. 


Unlimited opportunities for collaborative research in biotech- 
nology and agriculture through the Guelph-Waterloo Biotech- 
nology Institute and the Ontario Colleges of Agriculture and 
Veterinary Medicine. 


Low living costs in a small and pleasant community closely 
located to large urban centres. 


The applicant will join a new and active Department of Molecular 
Biology and Genetics whose mandate ts to provide the campus 
with a focus in eukaryotic genetics including related areas of cell | 
and molecular biology. Preferred areas of research are chromo- 
some structure recombination and repair, gene expression or 
developmenta! biology but any promising research program will 
be considered. 


An appointment will be made either as an NSERC sponsored 
post or as a University supported position; position subject to 
final budgetary approval. 


In accordance with Canadian immigration requirements, pri- 
ority will be given to Canadian citizens and permanent residents 
of Canada. 


Send application and three references to: 
Ross N. Nazar, Chairman 
Department of Molecular Biology and Genetics 
College of Biological Science 
University of Gueiph 
GUELPH, Ontario 
Canada N1G 2W1 


(NW214)A 


Classified 10 


AUSTRALIA 
ECOLOGIST 


$26,001 — $38,243 


DIVISION OF WILDLIFE AND 
RANGELANDS RESEARCH 


a DARWIN, NT 


CSIRO conducts scientific and technological research in laboratories 
iocated throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research activi- 
ties are grouped into five Institutes: Animal and Food Sciences, Biological 
Resources, Energy and Earth Resources, industrial Technology and 
Physical Sciences. The CSIRO Division of Wildlife and Rangelands 
Research is a member of the Institute of Energy and Earth Resources. 


GENERAL. The Division has established a multidisctplinary study of 
wetland and woodland ecosystems in the Wet-Dry Tropics. Particular 
emphasis is being placed on plant-animal interactions, competition, pre- 
. dation, fire, and environmental heterogeneity in space and time. Data 
obtained systematically since 1975 has provided the basis of experimental! 
investigation of relationships as the current phase of study. The research ts 
aimed at a fundamental understanding which has direct relevance for 
conservation and management. 


The programme is collaborative and involves ecologists and support staff, 
with a number of specialists including the areas of statistics and comput- 
ing. It is based tn a joint laboratory in Darwin with a staff of 50, and with a 
dedicated study area of 700km? at Kapalga within Kakadu National Park 
200km east of Darwin, with good field facilities. 


DUTIES: To develop a research programme investigating plant-animal 
interactions and the consequences for community structure and function. 
Attention to invertebrate herbivores, including termites, is likely to be of 
particular importance. 

QUALIFICATIONS: A PhD degree or equivalent preferably with post- 
doctoral experience. Previous involvement with systems studies would be 
an advantage. 


TENURE: Indefinite with Australian Government superannuation benefits 
available. 


APPLICATIONS: Stating relevant personal particulars, including details of 
qualifications and experience, the names of at least two professiona! 
referees and quoting reference No. AS780, should be directed to. 

The Chief 

CSIRO Division of Wildlife & Rangelands Research 

PO Box 84 

LYNEHAM ACT 2602 


by 4 weeks from date of publication 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W2177)A 





The University of Texas at Austin 


Department of Zoology 
PROFESSOR AND CHAIRMAN 


The Department of Zoology of the University of Texas at Austin invites 
applications or nominations for a departmental Chairmanship to be occu- 
pied in September of 1986 The Department of Zoology 1s multi-disciplin- 
ary in scope and includes research interests ranging from molecular biol- 
ogy to evolutionary ecology. Specific research interest of the applicant is 
not of great concern, but an appreciation for the breadth and integration of 
such diverse biological disciplines, and a strong personal research pro- 
gram is deemed important. Some administrative experience Is preferred. 
Applicants should send a curriculum vitae, a letter elaborating upon 
research and administrative goals, and the names and addresses of four 
references to: 
Dr F. H. Bronson 
Department of Zoology 

University of Texas 

Austin, Texas 78712 
The deadiine for applications is November 1, 1985. 
The University of Texas at Austin is an Equal Opportunity/ Affirmative 
Action Employer. i (NW35)A 
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The European Molecular Biology Laboratory, an international 
research institute situated in Heidelberg, West Germany, invt- 

tes applicants for the following vacancy at the Laboratory's 
Outstation at the «Institut Laue Langevin» site in Grenoble, ~ 
France 


CRYSTALLOGRAPHER 


The EMBL Outstation at Grenoble ts developing structural 
biology using neutron beams An instrument has been built in 
cooperation with the Institut Laue Langevin which will be 
dedicated to low resolution crystallography (- 15 A°) on com- 
plex objects Work ts now being done on protein nucleic acid 
complexes and membrane proteins Projects are brought in by 
outside users or generated by in-house scientists .Computing 
facilities are available, including a VAX 750 and a colour gra- 
phic display PS 300 and access to ILL DEC 10. 

The post is for an experienced protein crystallographer to 
develop low resolution neutron crystallography. The person 
appointed will be expected to take responsibility both for tns- 
trumental aspects and to develop their own project (possibly 
in cooperation with an outside laboratory} 

An above-average salary will be offered to the successful can- 
didate Certain allowances are payable in addition such as 
family allowance, children’s allowance and non-resident allo- 
wance, depending on personal circumstances 

An initial contract of 3 years’ duration will be offered to the 
successful candidate Thisicontract may be renewed, depen- 
ding on circumstances at the time of review ` 
Please write briefly for an application form, 





quoting reference n°85/15 to (W2189)A 
EMBL ee “attics, ‘ 
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RESEARCH ASSOCIATE and 


POSTDOCTORAL 
POSITIONS AVAILABLE 


for M.D. or Ph.D interested tn 
research on Mechanism of Hor- 
mone and Growth Factor Action 
and/or Receptor Recycling and 


Turnover. 


Forward curriculum vitae and letter 
describing qualifications, interest 
and 3 referees to. 


B. |. Posner, Chief Endocrinol- 
ogy. Royal Victoria Hospital, 
Montreal, Quebec H3R 2A7 

` (NW209)A 























POST DOCTORAL 
POSITION 


Available 10/85; Molecular Biology 
of Gene Expression in Yeast. 


Send c.v. and one letter of recom- 
mendation to: Dr J. Marmur, Dep- 
artment of Biochemistry, Albert 
Einstein College of Medicine, 1300 
Morris Park Avenue, Bronx, NY 
‘10461. 


An Equal Opportunity Employer 
(NW223)A 


r 
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McGILL UNIVERSITY 
Institute of Parasitology 


‘MOLECULAR PARASITOLOGIST 


Applications are invited for a tenure-track position at the 
assistant or base of associate professor level for appointment in 
the 1985/86 academic year. The Institute is invoived in the 
research and teaching of human and animal parasitology in a 
variety of disciplines. Preference will be given to a candidate with 
experience in the application of biotechnology or pharmaceutical 
chemistry to the control and diagnosis of parasites. The success- 
ful applicant will be expected to collaborate with parasite bio- 
chemists and immunologists. In accordance with Canadian 
immigration requirements, preference will be given to Canadian 


citizens and permanent residents. 


Applications, including the names of three referees, should be 
received by November 30, 1985, and be addressed to: Dr Roger 
‘Prichard, Director, Institute of Parasitology, Macdonald Coilege, 
NicGill University, Ste-Anne-de-Bellevue, Que., HSX 1C0, 


Canada. 





: (NW222)A 


NATURE VOL 3175 SEPTEMBER 1985 f Classified 11 


| INSECT NEUROBIOLOGY p | MOLECULAR 
FACULTY POSITIONS | BIOLOGIST 


New England Biolabs 





The Arizona Research Laboratories ‘Division of Neurobiology {ARLDN), a new 
research unit devoted to cellular, developmental, and molecular neurobiology and available at New England Biolabs in 
neuroethology of insects, invites applications for up to 3 state-funded, tenure-track Molecular Parasitology A Ph.D. in 
faculty positions. These appointments will involve research, teaching, supervision of molecular biology or biochemistry 
pre- and postdoctoral trainess, and coilaboration with other ARLDN scientists on joint with experience in DNA cloning or 
projects. . ‘ immunological analysis of host 


The disciplines and research areas that will receive special attention in this search are: parasite systems ts required.. There ts 


an open policy on publications and 
1) NEUROANATOMY — emphasising development, functional organization, and interaction with academic institutions 


synaptology of the insect CNS, and using electron microscopy, intracellular staining, is encouraged. Salaries are competi 
cytochemistry, and correlative physiological methods tive 


2) CNS NEUROPHYSIOLOGY — emphasizing development, synaptic and integrative E The Parasitology Group at New Eng- 


mechanisms, neuroethology, and membrane physiology, and using intracellular land Biolabs is studying the major filar- 
recording and staining iá P f ey i ial diseases of the world with the goal 


of characterizing and cloning diagnos- 


Two Postdoctoral Fellowships are 


3) MOLECULAR NEUROBIOLOGY ~— emphasizing molecular analysis of’ neural tic antigens and antibodies, ultimately 
development and function in insects, and using methods of molecular genetics, protein leading to the development of a vac- 
biochemistry, and hybridoma technology . cine for the prevention of disease in 
Candidates should have a Ph.D. or equivalent degree, at least 3 years of postdoctoral . human and animal hosts. l 
research experience, and a demonstrated dedication to multidisciplinary, collaborative Applicants should submit a curriculum 
and independent research. . ie and the names of three referees 


‘It is anticipated that these positions will be assistant professorships, but particular Personal Director | 

' qualified candidates at more advanced levels are encouraged to apply. .These New England Biolabs, Inc. 
appointments, in the ARLDN and jointly in an appropriate department ot the University 32 Tozer Road 
of Arizona, will be effective on or after 1 July 1986. Beverly, MA 01915 


Applications, including curriculum vitae, at least 3 letters of recommendation, and a USA (NW205)A 
brief outline of previous research plans, should be sent by October 1, 1985 to: 
Neurobiology Faculty Search, ARL Division of Neurobiology, Flandrau Planetarium, 
University of Arizona, Tucson, AZ 85721. NEW (cbs, 


The University of Arizona is an Equal Opportunity/Affirmative Action Employer. 
(NW215)A 






























Cell 
~ Biologist 


The Lilly Research Centre ts part of Eli Lilly and Company, 
a multi-national organisation firmly committed to the 
research, development and marketing of ethical 
pharmaceutical and agricultural products 
The Centre has a vacancy for a graduate with several 
years experience to join a research team working on the 
mechanisms underlying the chronicity of inflammatory 
diseases such as rheumatoid arthritis Ideally, the 
successful candidate will have experience in tissue and 
cell culture techniques related to cytokins activity in 
immune and non-immune systems Experience of 
establishing T-cell lines would also be an advantage. 
This appointment offers a highly competitive salary and 
benefits which include a non-contributory pension 
‘scheme, flexible working hours, 23 days annual holiday 
and an extremely attractive working environment 
Assistance with relocation expenses is given where 


appropriate. (7587)A 





-` JEUNES 
SCIENTIFIQUES 


du domaine MEDİCAL (pharmacologie) qui vousestimez 
peut- ètre trop jeunes pour pretendre à une fonction de 


DIRECTION notre LABORATOIRE PHARMACEUTI- 
QUE souhaite vous accueillir. 


Chez nous ètre un jeune dirigeant de la RECHERCHE 
EXPERIMENTALE necessite une formation scientifique 
éclectique de haut niveau (Doctorat), la passion de la 
Recherche creative, l'aptitude a motiver les hommes et. 
quelques autres qualites. 


Nous vous offrons un environnement professionnel 
performant, les moyens de travailler et surtout une liberté 
qui a permis notre reussite dans le monde entier 






If you would like to be considered. please contact 
Personnel! Manager Lilly Research Centre Ltd , Erl Wood Manor, 
Windlesham, Surrey GU20 eee Tel Bagshot (0276) ) 73631 


(LILLY RESEARCH CENTRE 


N'hésitez pas à'envoyer lettre manuscrite avec CV et 
hoto, sous référence 9787 mentionnée sur l'enveloppe, 
a Média System, 2, rue de la Tour-des-Dames, 75009 ans 


(W2168)A 
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ATMOSPHERIC 
DYNAMICS OR 
GEOPHYSICAL FLUID 
DYNAMICS 


The Department of Earth and Planetary Sciences at The Johns Hopkins 
University invites applications for a tenured or tenure-track faculty 
position tn the general area of Atmospheric Dynamics or Geophysical 
Fluid Dynamics The anticipated date of the appointment is July 1, 
1986. The successful applicant should have a broad range of scientiftc 
interests and will be expected to develop a program of graduate 
teaching and research in this area to complement and intereact with 


those of the present faculty, whose interests include geophysical fluid 
dynamics, waves and air-sea interaction processes, atmospheric and 
oceanic turbulence, geomagnetism and mantle convection, chemistry, 
dynamics and physics of planetary atmospheres, as well as other areas 
of geophysics, geochemistry and sedimentology He or she should 
have a distinguished record of publications appropriate to the level of 
the appointment The University ts an Equal Opportunity Employer, 
women and minority candidates are particularly encouraged to apply 


Applications should include a complete curriculum vitae, recent 
reprints and the names of three referees. They should be sent to 
professor Owen Phillips, Department of Earth and Planetary 
Sciences, The Johns Hopkins University, Baltimore, maryland 
21218 as soon as possible but no later than 15 November, 1985. 
(NW1703)A _ 





SYRACUSE UNIVERSITY 
invites applications for a tenure track appointment in 
ORGANIC CHEMISTRY at the ASSISTANT or 
possibly ASSOCIATE PROFESSOR LEVEL 
to begin in September 1986 
The Chemistry Department at Syracuse has appointed nine new faculty 
and added some $3 million in instrumentation over the past six years, the 
new faculty member may anticipate strong research support and active 
participation in a dynamically growing department Applicants should 
send curriculum vitae, publication list, description of research plans, and 
arrange to have three letters of recommendation sent to John E Baldwin, 
Chairman, Search Committee, Department of Chemistry, Syracuse Uni- 
versity, Syracuse, New York 13210, by October 21, 1985 Applicants with 
research interests complementary to those already represented at 

Syracuse are particularily welcome 
Syracuse University is an equal opportunity/affirmative action employer 
(NW230)A 





Faculty Position available, tenure-track, tn molecular 
genetics, with a special interest in membranes Applicants 
should have research background in recombinant DNA 
technology (preferably also in somatic cell genetics) and 
working knowledge of membrane proteins. M.D and/or Ph.D. 
in appropriate field required. Successful candidate will hold 
tenure-track appointment (Assistant or Assoctate Professor, 
depending upon qualifications) in Departrnent of Physiology 
and Molecular Biophysics at Baylor College of Medicine. Joint 
appointments tn relevant academic departments also possible. 
Laboratory space and basic equipment provided and inital 
laboratory support available Successful candidate will devote 
majority of his/her effort to establishing and maintaining an 
independent research program related to the main interests of 
the Department The Department ts building a strong program 
in membrane biophysics with expertise in electrophysiology, 
membrane biochemistry, reconstitution, and modelling. Send 
vita, a brief description of past and present research 
experience, and names of three or more references to 


Dr. A. M. Brown, Incoming Chairman, 
Physiology and Molecular Biophysics Department 


LEGE 
Cee k 


Pe at ET 


te 


‘QucaTios 
Baylor College of Medicine, 
One Baylor Plaza, 
Houston, Texas 7/030. 


An Equal Opportunity A/A Employer 












(NW58)A ` 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


READERSHIP IN CANCER 
PATHOLOGY 


APPIR are invited for an estab- 
hshed Readership ın Cancer Pathol- 
ogy in the Department of Pathology, 
jointly funded by the North of 
England Cancer Research Cam- 
pagn and the University Candi- 
dates should have substantial experi- 
ence and interests in cancer research 
and must also have a good working 
knowledge of experimental tech- 
niques in molecular biology as 
applied to the study of cancer Al! 
candidates, whether non-medical or 
medical, with the appropriate quali- 
fications, will be considered, the 
most important prerequisite being 
the possession of significant experi- 
ence in the field of molecular 
biology The’ successful candidate 
will be expected to take part in gen- 
eral departmental and teaching 
duties, under the direction of the 
Head of the Department. 


Salary will be at a point on the 
non-clinical or clinical Reader's scale 
with membership of the appropriate 
superannuation scheme Should the 
appointee have the appropriate clini- 
cal qualifications and providing two 
sessions to the clinical service are 
undertaken, honorary consultant 
status will be offered by the 
Newcastle Health Authority 


Applications (15 copies) giving the 
names of three referees must be 
lodged with the Senior Assistant 
Registrar, The Medical School, Uni- 
versity of Newcastle upon Tyne, 
Framlington Place, Newcastle upon 
Tyne NE2 4HH not later than 18 
October 1985, from whom further 
particulars can be obtained. (Appli- 
cants from outside the British Isles 
may submit one copy only). 

(7565)A 


THE UNITED MEDICAL 
AND DENTAL SCHOOLS 


Guy’s Campus 


LABORATORY SCIENTIFIC 
OFFICER 


required m the Department of 
Anatomy, to join a group working 
on a number of aspects of regenera- 
tion within the Central Nervous 
System. The work includes prepara- 
tion of specimens for routine histo- 
logical examination, both light and 
electron microscopical. Experience 
with immunocytochemical and 
neurohistological techniques, and in 
routine HRP developments, would 
be an advantage 


The appointment is for three 
years. Salary on scale £6,726 — 
£7,159 pa plus £1,048 pa London 
Weighting. 


Further information may be ob- 
tained from Dr S Standring: 01-407 
7600 ext 3349. 


Application forms available from 
the Staffing Officer, Guy’s Hospital 
Medical School, London SE1 9RT, 
quoting Ref: G/A/82; closing date 
26 September 1985. (7546)A. 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from suit- 

ably qualified men and women for 

appointment to the following posi- 
tion: 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


DEPARTMENT OF 
ENVIRONMENTAL BIOLOGY 


RESEARCH FELLOW 


The appointee will work with Dr 
G.D. Farquhar on the comparative 
water-use efficiencies in varieties of 
plants. The aim will be to extend 
theoretical and practical studies of 
carbon, nitrogen and water metabol- 
ism from the level of the leaf to that 
of the whole plant. Initially the work 
will include esrenical and practical 
studies of carbon dissimilation 

Experience in mathematical model- 
ling and application of gas exchange 
techniques and carbon-isotope ratio 
mass spectroscopy would be useful. 
The post will be avatlable from 1 
January 1986. 


Closing date: 27 September 1985. 
Ref BS 15 8 1. 


Conditions of Appointment. Sal- 
ary will be in accordance with qualifi- 
cations and experience within the 
range: Research Fellow $A26,236- 
$34,467 p.a , current exchange rate: 
$Al = UKSIp. Appointment will 
be: Research Fellow normally up to 
three years with the possibility of 
extension to maximum of five years 
Grants are provided towards travel 
and removal Assistance towards 
housing 1s given to an appointee 
from outside Canberra Eligible 
appointees will be required to join 
the Superannuation Scheme for 
Australan Universities. Maternity 
leave is available. The Unversity 
reserves the right not to make an 
appointment or to make an appoint- 
ment by invitation at any time 
Applicants should quote the adver- 
tisement reference when submitting 
applications, and when requesting 
further particulars, which are also 
available from the Secretary Gen- 
eral, Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCI1H OPF. Appli- 
cations should be submitted to the 
Acting Registrar of the University, 
GPO Box 4, Canberra, ACT 2601, 
Australia 

The University 1s an run Oppor- 
tunity Employer. ( 2189A 








POSTDOCTORAL/ 
RESEARCH 


Associate positon available to study 
RNA Processing in anımal cells and 
viruses Background either in B10- 
chemistry, Microbiology or Molecu- 
lar biology needed Experience in 
recombinant DNA technology de- 
sirable. Salary negotiable 


Send resume with two names for 
references to Dr Mary Edmonds, 
Department of Biological Sciences, 
University of Pittsburgh, Pittsburgh, 
PA 15260 


Equal Opportunity / Affirmative 
Action Employer 
(NW128)A 
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THE UNIVERSITY OF 
MELBOURNE 


LECTURESHIPS 


(Limited Tenure) 
(Amended and Re-advertised) 


SCHOOL OF PHYSICS 





The School of Physics is seeking 
young, vigorous and innovative 
physicists It ıs envisaged that a 
number of limited tenure appoint- 
ments, of three years’ duration and 
extendible to five years, will be made 
at the rate of approximately one per 
year until 1990 Some positions with 
tenure will become available to- 
wards the end of the decade, and 
limited tenure appointees will be eli- 
gible to apply for these. 


Applications are invited for the 
second appointment in this series 
For this appointment preference will 
be given to experimentalists who 
have experience and interests rele- 
vant to the fields of interest of indivi- 
dual staff in one or more of the exist- 
ing experimental groups. 


The present research activities of 
the School include. a recently set up 
Micro Analytical Research Centre, 
scanning proton microprobe; high 
resolution microscopy, X-ray and 
neutron diffraction; low and inter- 
mediate energy nuclear physics, par- 
ticle physics; and fundamental ex- 
periments with neutrons, molecules 
and solids (in which area a new 
appointment has recently been 
made). Theoretical research 1s con- 
ducted in the fields of particle 
physics, nuclear physics, statistical 
physics and astrophysics. Further in- 
formation about the School 1s ob- 
tainable from the’ Chairman, Dr EG 
Muirhead. 


Applicants should be willing to 
participate in the supervision of both 
honours and postgraduate students. 
A genuine interest ın the under- 
graduate teaching programme is 
essential. 


This position will be available as 
from ist January 1986. A third posi- 
tion in this series will become avail- 
able from ist January 1987 and will 
be the subject of a separate adver- 
tisement in the near future. 


Salary in the range $A26,236 to 
$34,467 per annum 


Further printed information re- 
garding details of application proce- 
dure and conditions of appointment 
is available from the Appointments 
Officer (Academic), University of 
Melbourne, Parkville, Victoria 
3052, Australia,’ or the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
oo Square, London WC1H 
OPF. 


Applications close on 31 October 
985. 


Equal opportunity in employment 
is the policy of the University of 
Melbourne Selection 1s based on 
merit and all applications will be 
assessed regardless of sex, race, 
ethnicity or disability 


Applications from both men and 
women are invited for all vacancies 
(W2174)A 


UNIVERSITY OF NATAL 
Institute of Natural Resources 
PIETERMARITZBURG 


Applications are invited from suit- 
ably qualified persons regardless of 
sex, religion, race, colour or national 
Origin for appointment to the post of: 


: DIRECTOR 


The Institute of Natural Resources is 
affiliated to the Umversity of Natal, 
and 1s based on the Pietermaritzburg 
campus The Director of the Insti- 
tute shall be a Professor in the Uni- 
versity, a member of the University 
Senate, and the Board of the Faculty 
of Science Applicants should pre- 
ferably hold a PhD Degree ın a sub- 
ject relevant to the work of the Insti- 
tute (eg resource ecology, agricul- 
ture, land use planning) and previ- 
ous African experience Snr be a 
distinct advantage 


Duties will include the coordina- 
tion and supervision of a wide range 
of résearch projects, supervision of 
the development of a new computer 
based geographic information 
system, coordinating fund raising 
activities, managing an annual bud- 
get of close to Ri million, and pro- 
moting an awareness of the socio- 
economic and environmental prob- 
lems of the rural areas of South 
Afnica. 


The appointment carries an attrac- 
tive salary package, details of which 
are obtainable from the Staffing Sec- 
tion on request (telephone 0331- 
63320)The salary offered will be de- 
termined according to the qualifica- 
tions and/or experience of the suc- 
cessful applicant 


Application forms, further par- 
ticulars about the post, and condi- 
tions of service are obtainable from 
the Registrar, University of Natal, 
PO Box 375, Pietermantzburg, 
3200, with whom applications on the 
prescribed form must be lodged no 
later than 23 September 1985, quot- 
ing reference PMB 52/85. 


Application forms for overseas 
applicants are available from the 
Secretary, South African Universi- 
ties Office, Chichester House, 278 
High Holborn, London WC1V 7HE. 

(W2180)A 


\ 


UNIVERSITY HOSPITAL OF 
ZURICH 
Switzerland 


The Laboratories of Oncology 


invite applications for a 
POST DOCTORAL 
POSITION 


in biology or related field to partici- 
pate in the research of transfor- 
mation processes and oncogene ex- 
pression in human respiratory tract 
tumours. 


Preferences will be given to candi- 
dates with experience in molecular 
biology techniques. 


Please send curriculum vitae and 
references to Dr Rolf Starhell, 
Abteilung fur Oncologie, Universi- 
tats Spiral, CH-8091, Zurich 

(W2194)A 
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ASTRONOMY FACULTY POSITION — UCLA 
ASSISTANT PROFESSOR 


The UCLA Astronomy Department expects to make a tenure track assistant 
professor appointment effective July 1, 1986 We are seeking outstanding 
candidates in any field of astronony and astrophysics. Besides the facilities 
at UCLA, there is the opportunity to use the telescopes at Lick Observatory 
and to participate in the joint CIT-UC project to build the KECK 10-meter 
telescope. Applicants should include a professional history, a list of pub- 
ications, a prospectus on future research directions, and the names and 
addresses of at least five individuals who would be willing to serve as 
referees Applications should be sent to: 
Dr F. V. Coroniti, Chair 
Department of Astronomy 
University of California, Los Angeles, CA 90024 
and should be received no later than November 1, 1985 
The University of California is an equal opportunity, affirmative action 
employer (NW216)A 











CSIRO 


AUSTRALIA 
RESEARCH FELLOWS 


(2 POSITIONS) 


BIOCHEMIST/ 
IMMUNOLOGIST — 


MOLECULAR BIOLOGIST 


$26,001 — $38,243 


DIVISION OF MOLECULAR BIOLOGY 
NORTH RYDE, NSW 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists The Organization’s research activi- 
ties are grouped into five Institutes. Animal and Food Sciences, Biological 
Resources, Energy and Earth Resources, Industrial Technology and 
Physical Sciences. The CSIRO Diviston of Molecular Biology is a member 
of the Institute of Biological Resources. 


GENERAL: The Division of Molecular Biology conducts scientific research 
in molecular genetics and cell biology It has a staff of approximately 100. 
Programs are divided into Tissue Growth and Development, DNA Main- 
tenance and Modification, and Gene Technology. It ts situated in Sydney, 
at North Ryde, close to Macquarie University and major biotechnology 
companies 
DUTIES: The appointees will undertake research in the development of 
nove! systems for the delivery of vaccine antigens. The research involves 
both recombinant DNA approaches and the use of synthetic peptide 
antigens in experiments involving immunization and quantitation of the 
immune response. 
QUALIFICATIONS. A PhD or equivalent qualifications in a relevant disci- 
pline with experience in immunology, recombinant DNA technology and 
peptide science : 
TENURE. A term of 3 years with Australian Government superannuation 
benefits available. 
APPLICATIONS. Stating relevant personal particulars, including details of 
qualifications and experience, the names of at least two professional 
referees and quoting reference No. D7747 (Biochemist/immunologist) or 
D7748 (Molecular Biologist}, should be directed to: 
The Chief 
CSIRO Division of Molecular Biology 
FO Box 184 
NORTH RYDE NSW 2113 
by 4 weeks from date of publication 

CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 


{(W2178)A 
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MANAGING DIRECTOR 


Boyce Thompson Institute at Cornell University 
Applications ard nominations are invited for the position of 
Managing Director of Boyce Thompson Institute for Plant 
Research at Corneil University. Boyce Thompson institute (BT!) is 
a non-profit, privately endowed organization conducting 
research on plants and plant pests. The Institute is located in a 
facility completed in 1978 on the campus of Cornell University 
and is affiliated with the College of Agriculture and Life Sciences. 
BTI has an annua! budget of $7-8 million and employs approxi- 
mately 125 scientists and support staff, 60 at the Ph.D. level. 

The Managing Director serves as chief executive officer and is 
responsible for formulation of Institute policy, evaluation of pro- 
ductivity of research programs, selection of scientific personnel, 
recruitment of research support and overall operation of the 
institute and interaction with Cornell University administration. 

Selection will be based upon experience consistent with the 
goals of the Institute, which include basic and applied research in 
the plant sciences relevant to national and world agriculture. 
Previous scholarly endeavor, organizationa! ability and success 
in recruiting research support will be considered. 

Applicants should send curriculum vitae, bibliography and 
names of five professional people acquainted with the ap- 
plicant’s background to Dr. Leonard H. Weinstein, Chairman of 
the Screening Committee, Boyce Thompson Intitute at Cornell 
University, Ithaca, NY 14853. Nominations should also be sent to 
Dr. Weinstein. All applications and nominations should be sub- 
mitted as soon as possible but not later than October 15, 1985. 

An Affirmative Action/Equal Opportunity Employer. (NW179)A 





BIOMEDICAL POLYMER CHEMIST 


Applications are invited for a career position at the new Lions Eye Institute, 
2 Verdun Street, Nedlands, fora Polymer Chemist interested in developing 
biomaterials for ocular surgery. 

the Lions Eye institute is an independent medical research organisation 
affiliated with the University of Western Australia and the Sir Charles 
Gardiner Hospital. Some 60 laboratories and offices are currently being 
progressively commissioned. 

The Institute has integrated basic laboratory research with patient care all 
on the same floor and has set up several research teams aimed at bringing 
new technology to cphthalmic medicine and surgery. 

the successful applicant will have tertiary qualifications in polymer chem- 
istry and have had some research experience. A PhD is desirable but not 
essential. The position should be seen as a long-term proposition and will 
be funded for three vears in the first instance. 

An attractive salary and benefits as well as reasonable removal expenses 
may be negotiated. 

For further information contact Professor lan Constable, Lions Eye Instit- 
ute, 2 Verdun Street, Nedlands 6009, Western Australia. Telephone (09) 
389 2811. A 





NORTHERN REGIONAL HEALTH AUTHORITY 
REGIONAL MEDICAL PHYSICS DEPARTMENT 


TOP GRADE PHYSICIST 
(RADIATION PHYSICS). 


Will be responsible to the Head of Department for regional policy 
on radiation physics and its implementation. 


Applicants must have or be acquiring an outstanding reputation 
at least nationally in this field and have considerable experience 
af physics appliec to radiotherapy, radiology and radiation pro- 
tection. A proven ability to design, commission and operate 
major facilities and to coordinate radiation physics services, par- 
ticularly at several geographically separated centres, wil! be very 
advantageous with respect to the regional organisation of the 
Department and the region-wide distribution of facilities. Sub- 
stantial experience of in-service teaching and training will also be 
an advantage. 

Salary scale £16,814 — £19,977 (award pending). 

Application form and job description from Regional Personnel 
Officer, Northern Regional Health Authority, Benfield Road, 
Walkergate, Newcastle upon Tyne, NES 4PY. (Tel 091 — 2654188 
ext 3112). Further information obtainable from Professor 
K Boddy (tel 091 — 2738811 ext 2513). 
(7539)A 


Closing date 30th September 1985. 








UNIVERSITY OF 
BIRMINGHAM 


Faculty of Medicine and 
Dentistry 


DIRECTOR OF ANIMAL 
FACILITIES 


Applications for this important new 
post are invited from candidates who 
are fully conversant with all aspects 
of laboratory animal husbandry and 
the organization of a modern animal 
facility. An appropriate veterinary 
qualification and substantial mana- 
gerial experience at senior level in a 
University or similar research insti- 
tution are essential, and preference 
will be given to applicants with a 
oi research record in a relevant 
eld. 


The person appointed wıll be re- 
sponsibie for the pianning, manage- 
ment and subsequent development 
of new facilities at the Medical 
School, and will be encouraged to 
undertake scientific research in col- 
laboration with science and/or clini- 
cal departments. 


Salary will be in the Senior Lec- 
turer range (£14,135 — £17,705 pa) 
or in the non-clinical professor range 
(min £18,070 pa) plus superannua- 
tion, depending on expenence and 
qualifications. If appropriately 
qualified, the successful candidate 
will be considered for conferment of 
the title of Professor. 


Further particulars may be ob- 
tained from the Assistant Registrar, 
University of Birmingham, Medical 
School, Vincent Drive, Birmingham 
B15 2TJ (Tel 021 472 1301 Ext 3377). 
Applications, including cv and the 
names of three referees, should be 
sent to the Assistant Registrar by not 
later than 30 September 1985. 

(7542)A 





THE INSTITUTE FOR 
ADVANCED STUDY 


will have several openings for 
members in theoretical physics and 
astrophysics for the academic year 
1986-87. The positions are at a post- 
doctoral or higher level and appli- 
cants will be selected on the basis of 
their ability to do research in the 
areas of elementary particles, 
mathematical physics, astrophysics, 
plasma physics, general relativity 
and statistical mechanics. A postdoc- 
toral position working on HST spec- 
troscopy will be available. Prefer- 
ence is given to candidates who have 
received their PhD within the last 
year or two 


Postdoctoral members frequently 
collaborate with each other, with 
faculty members at the Institute or 
Princeton University, and with re- 
searchers at other institutions 
Appointments are usually for two 
years and support is typically full sal- 
ary for postdoctorals and half salary 
for more senior persons. Women 
and minorities are encouraged to 
apply. For more information write to 
Page Hartwell, Schoo! Administra- 
tive Officer, School of Natural Sci- 
ences, Institute for Advanced Study, 
Princeton, New Jersey 08540. Appli- 
cations should be received by 
December 15,1985. (NW219)A 
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THE UNIVERSITY OF 
MELBOURNE 





RESEARCH FELLOW 
GRADE 1 OR2 


(Extendible Tenure) 
(Readvertised) 


IN COLLOID & SURFACE 
SCIENCE 


in the 


DEPARTMENT OF PHYSICAL 
CHEMISTRY 


Applicants are invited for a post- 
doctoral research fellowship in col- 
loid and surface science. The suc- 
cessful applicant will work in a multi- 
disciplinary team formed between 
the Department of Physical Chem- 
istry (Professor T W Healy), Ap- 
plied Mathematics (Professor L 
White) and Chemical Engineering 
(Professor D V Boger). While appli- 
cants with experience in general col- 
loid and surface science will be con- 
sidered, tt is intended to make one 
appointment to Ppor a major 
Australian Research Grants Scheme 
(ARGS) project on fundamental 
aqueous surface spectroscopy. 


The position is for three years in 
the first instance with possible exten- 
sions of the ARGS position beyond 
three years. Applicants must have a 


PhD or equivalent qualifications 


It is expected that an appointment 
will be made in the Research Fellow 
Grade 1 salary scale ($A22,614 to 
$25,905 per annum), however a 
more experienced candidate may 
possibly be offered Research Fellow 
Grade 2 scale of $A26,236 to $34,467 
per annum 


For further information contact 
Professor T W Healy, Department 
of Physical Chemistry, The Univer- 
sity of Melbourne’ Parkville 3052, 
Victoria, Australia 


Further printed information re- 
garding detatls of application proce- 
dure and conditions of appointment 
is available from the Appointments 
Officer (Academic), University of 
Melbourne, Parkville, Victoria 
3052, Australia, or the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
aa Square, London WC1H 
OPF 


Applications, in duplicate, includ- 
ing names and addresses of at least 
three referees and quoting position 
number 612 A345, should = add- 
ressed to the Staff Officer, Univer- 
sity of Melbourne, and close on 31 
October 1985. 


Equal opportunity m employment 
is the policy of the University of 
Melbourne. Selection is based on 
merit and all applications will be 
assessed regardless of sex, race, eth- 
nicity or disability 


Applications from both men and 
women are invited for ali vacancies. 
(W2175)A 
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UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


LECTURER OR ASSISTANT 
LECTURER IN HUMAN 
NUTRITION 


Applications are invited for the posi- 
tion of Lecturer or Assistant Lectur- 
er in Human Nutrition in the Faculty 
of Home Science. Applicants should 
ave a PhD (or equivalent) degree in 
sautrition or in an equivalent field, 
preferably with research and teach- 
ing experience in climcal and com- 
«munity nutrition. Experience m nut- 
xition education would be desirable. 
The appointee . is expected to 
develop a research programme. 
Teaching includes undergraduate 
«and graduate courses in nutrition in 
Faculty of Home Science and Fac- 
ralty of Science. 


Appointment will commence on 
February 1, 1986. Commencing sal- 
aries will be established within the 
RE ropriate scale: Lecturer 

,622-$27,928 per annum; 
Assistant Lecturer N2Z$17,698- 
$20,489 per annum. 


Intending applicants are invited to 
write for further details, available 
rom the Secretary General, Asso- 
ciation of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, 
London ,WCIH OPF, or from the 
Registrar of the University, P.O 
Box 56, Dunedin, New Zealand. 


pe PACREONS close on October 31, 
198 (W2185)A 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF GENETICS 


-POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT. 


Fungal Genetics/ 
Molecular Biology 


Applications are invited for a Post- 
doctoral Senior Research Assistant 
to continue a study of repair pro- 
cesses acting on carcinogen- 
damaged DNA in Aspergillus nidu- 
lans working with Dr P Strike in a 
laboratory actively researching into 
repair and mutagenesis. The project 

I involve isolating and character- 
izing repair deficient mutants, cor- 
relating enzyme deficiencies with 
mutations affecting repair processes, 
and cloning and characterizing DNA 
repair genes 


The post is funded by the Univer- 
sity, intially for one year with the 
possibility of further extension. Ap- 
plicants should have, or expect to 
soon obtain, a PhD in an appropriate 
discipline with experience of, or in- 
terest in, DNA repair mechanisms, 
genetics of filamentous fungi, or re- 
combinant DNA techniques. (In- 
formal enquiries may be made to Dr 
Strike on 051-209 6022 Ext 3113). 


Initial ‘salary will be £7 529 per 


annum (under review). 


Applications, together with the 
names of three referees, should be 
received not later than 20 September 
1985: by the Registrar, The Univer- 
sity, PO Box 147, Liverpool L69 
3BX, from whom further particulars 
may be obtained. Quote Ref. 
RV/185/N. . 55DA 
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BIOLOGICAL PRODUCTS DEVELOPMENT ÑN 


PROCESS MANAGER 





(in excess of £15,000+ car) 


G.D. Searle is a major international 
Pharmaceutical Company whose Research 
& Development Division at High Wycombe 
has several exciting programmes in the field 
of chemically and biologically derived 
products. 


We require a senior Biotechnologist for a key 
position within our Biological Development Pilot 
Plant The Process Manager will be responsible 
for the development of fermentation and tissue 
culture products, often using recombinant DNA 


_ technology and for their downstream 


processing and punfication, Initiatrve and 
innovation will be needed in developing 
processes and optimising yields Processes will 
be operated according to Good Pharmaceutical 
Manufacturing Practice as the products will be 
used in clinical tnals The role requires close 
interaction with research scientists and, 
ultimately, collaboration with production staff 
who will use the technology 


The position provides a unique opportunity to 
be involved in most aspects of biotechnology 


SEARLE 


Experiment Station, Davis, CA. 


required. 


of California. 


752-1710. 


TWO CROP GENETICIST POSITIONS 
IN AGRONOMY AND RANGE SCIENCE 


The Department of Agronomy and Range Science invites applications for two Assis- 
tant Professor/Assistant Agronomist in the Experiment Station, 11-month positions 
(plus one-month paid vacation) at the 


FIRST POSITION: Research will focus on quantitative genetics and theory applied to 
improvement of winter cereal crops, including the integration of molecular and 
classical methods, and the development of superior germplasm. Teaching 
will involve a graduate course in plant genetics and breeding with some participation 
in undergraduate agronomy or plant science courses. Advising of undergraduate 
and graduate students is expected. A Ph.D. in plant genetics, plant breeding or a 
closely related field and with training in quantitative genetics, and a demonstrated 
interest or experience in germplasm development and cereal crop improvement 


SECOND POSITION: Research will emphasize the application of modern genetic 
tools in the investigation of the genetic control of agronomically important charac- 
ters of grain legumes and the development of superior germplasm. Geneticists with 
interest in the application of either physiological, developmental, or evolutionary 
approaches to crop improvement are encouraged to apply. Teaching will include a 
graduate course in plant genetics and breeding, with some participation in under- 
graduate agronomy or plant science courses. Advising of undergraduate and 
graduate students is expected. A Ph:D. in plant genetics, plarit breeding, or a closely 
related field with training in modern and classical genetics and a demonstrated 
interest or experience in germplasm development of important grain legume crops 


The level of the appointments will be at the Assistant Professor rank commensurate 
ositions are available for appointment on 

le time thereafter depending, upon the | 
candidate’s availability. Send a statement of teaching and research interests, 
curriculum vitae, academic transcripts, list of publications, reprints, and name and 
addresses of at least three references by November 1, 1985 to: 


L. R. Teuber, Search Committee Chair, Department of Agronomy and Range 
Science, University of California, Davis, CA 95616. Phone: (916) 752-2461 or (916) 


with the candidate’s experience. These 
January 1, 1986 or within a reasona 


The University of California is an Affirmative Action/Equal Opportunity Employer 


The successful candidate will have 
demonstrated management skills and technical 
achievement within the pharmaceutical industry 
anc will hold a Ph D tn Microbiology or a related 
biological science 


The Company offers an attractive 
remuneration package plus the use of a 
company car 


The Company benefits also include 23 days 
holiday, contributory pension fund, health 
Insurance scheme, subsidised cafeteria, recre- 
atian club, relocation assistance where approp- 
nate and pleasant laboratories in an attractive 
location 


ta 


Piease obtain an application form from 
Rod Cook, Personnel Manager, G.D. Searle & 
Co. Ltd., Lane End Road, Sands, High 
Wycombe, Bucks. (Tel. High Wycombe 
21124, ext. 3372). Please quote reference 
R85/223. Closing date for applications is 20th 
September, 1985. (7589)A 








niversity of California Agricultural 


F 






(NW238)A 
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needs. 


Applicants should send a resume, names of five persons from whom the 
Department may request letters of recommendation, and a brief statement 


of research interests to 


Eric J Essene, Search Committee Chairman, 
Department of Geological Sciences 
The University of Michigan 


Ann Arbor, MI 48109-1063. 


The general search will close January 20, 1986, but later applications may 
be considered in exceptional circumstances 


The University of Michigan ts a non-discriminatory, affirmative-action 


employer. 


AUSTRALIA 

THE UNIVERSITY OF WOLLONGONG 
Equality of employment opportun- 
ity is University policy The Univer- 
sity reserves the right to fill any 
advertised position by invitation. 
Applications are invited from suit- 
ably qualified and experienced 

persons for. 
DEPARTMENT OF CHEMISTRY 
LECTURER IN PHYSICAL CHEMISTRY 
TENURABLE OR LIMITED TERM 
{4 YEARS) 

{Position Reference CHEMISTRY} 
Applicants may have expertise in 
any area of Physical Chemistry. 
Further information from Professor 
L. Kane-Maguire (042) 27 0509. 
Salary range annual A$26,236- 
A$34,467. Futher information on 
conditions of appointment from Mr 
Ross Walker (042) 27 0934 Applica- 
tions should quote the Position 
Reference, specify the nature (ie 
tenurable, limited term or either) of 
appointment sought, contain 
details of qualifications, employ 
ment history, research interests, 
publications, and the names and 
addresses of three referees and 
reach the University Secretary, The 
University of Wollongong, PO Box 
1144, Wollongong, NSW _ 2500, 
Australia, by 14 October 1985. 
Please mark envelope ‘Appornt 
ment Application’ {W2188)A 


YALE UNIVERSITY The De- 
partment of Chemistry invites 
applications for two tenure track 
Assistant Professor positions, 
effective academic year 1986 


We seek outstanding individuals 
in any field of chemistry Applica- 
tions from those whose re- 
| search interests overlap with the 
areas of organic or inorganic 
chemistry and the biological sci- 
ences are particularly welcome 


Applicants should send a curncu- 
lum vitae, a statement of re- 
search plans, and should arrange 
for the submission of three 
letters of recommendation All 
materials should be received by 
December 1, 1985 


Send application to Prof. S.L. 
Schreiber, Chairman, Search 
Committee, Department of 
Chemistry, Yale Universit 
P.O. Box 6666, New Haven, C 
06511. Yale University is an 
EO/AA employer. 

(NW1895)A 





AQUEOUS GEOCHEMISTRY 
UNIVERSITY OF MICHIGAN 


ASSISTANT PROFESSOR 


The Department of Geological Sciences invites applications for a tenure- 
track assistant professor, pending budgetary approval, to begin Septem- 
ber 1, 1986 or later We are looking for an outstanding researcher in 
experimental and theoretical aspects of aqueous geochemistry Consid- 
eration will be given to a range of specialities but with preference for a 
candidate of broad interests who will also interact with students and 
faculty in economic geology and petrology Teaching responsibilities will 
include an upper-level undergraduate course in geochemistry, with other 
courses selected according to the candidate's interests and departmental 














(NW208)A 








MOLECULAR BIOLOGIST 
John Innes Institute 


| er aah are invited for the post 
of 


igher Scientific Officer to join a 
group mapping cloned chromosomal 
DNA sequences in peas. The project 
involves using restriction fragment 
length polymorphisms, and im situ 
hybridisation studies in combination 
with computer-aided visualisation 
techniques. Experience of work with 
plants is not essential. 


Applicants should have a first or 
upper second class honours degree in 
a biological science with at least two 
years relevant post qualifying experi- 
ence and preferably a PhD. This is a 
three year appointment 


The appointment will be to the 
Higher Scientific Officer grade, with 
salary on the scale £7,788 to £10,541 
depending on qualifications and ex- 
perience. Non-contnbutory super- 
annuation i 


Applications, quoting reference 
AGH88, together with a full cv and 
the names of two referees, should be 
sent to the Secretary, John Innes In- 
stitute, Colney Lane, Norwich, NR4 
7UH, not later than 4 October 1985. 

(7540)A 


UNIVERSITY OF 
CAMBRIDGE 


Department of Clinical 
Veterinary Medicine 


A technician ts required to join a 
research group concerned with the 
study of herpesvirus infections in 
horses. The work will involve a range 
of modern virological techniques of a 
biochemical and molecular nature. 
The applicant should have several 
years of experience in laboratory 
work, preferably in virology. The 
post is available from October Ist, 
for three years with a starting salary 
up to £6,100 


Applicants should send a full cur- 
riculum vitae and the names of 3 
referees to Dr H J Field, Depart- 
ment of Clinical Veterinar edi- 
cine, Madingley Road, Camnbridee. 

(7533)A 


THE UNIVERSITY 
OF MANCHESTER 


RESEARCH ASSOCIATE IN 
DEPARTMENT OF PHYSICS 
NOVEL LASER SYSTEMS FOR 
MEDICAL AND INDUSTRIAL 
APPLICATIONS 


Applications are invited for this post 
in a new Unit in the Laser Research 
group collaborating with industrial 
and applications groups in the dev- 
elopment of specialist lasers and 
associated systems. The programme 
is forward-looking and offers Oppor- 
tunities for innovation The post will 
involve some aspects within R & D 
on new lasers, microprocessor con- 
trol and optical/electronic design 
Experience in one or more of those 
areas would be useful 


Applicants should be post- 
doctoral or graduates with some R & 
D experience and probably a first 
degree in Physics or Engineering 
The post ıs for a period of up to three 
years tn the first instance at a salary 
on the University IA range for Re- 
search Staff (£7,520 to £14,925 p a., 
under review) with superannuation. 


Apphcants should send a CV and 
the names of two referees by Sep- 
tember 20th ‘to: Dr T A King, 
Department of Physics, Schuster 
Laboratory, The University, Man- 
chester M13 9PL (7580)A 


UNIVERSITY OF 
GLASGOW 
DEPARTMENT OF BIOCHEMISTRY 


POSTGRADUATE 
RESEARCH ASSISTANT -1B 


A research assistant 1s required to 
work on eukaryote DNA methyl- 
ation with Dr Adams and Dr 
Goddard Experience in Cell Cul- 
ture and Recombinant DNA tech- 
niques would be an advantage The 
appointment 1s for up to three years 
and will be made on the scale startin 
at £6,864 p.a ‘ 


Applications, including the names 
and addresses of two referees should 
be sent by September 13th to Dr R 
L. P. Adams, Department of Bio- 
chemistry, University of Glasgow, 
Glasgow G12 8QQ. (7578)A 


RESEARCH SCIENTIST 


Nucleic Acid Research Institute, an 
ICN Pharmaceuticals Inc. and 
Eastman Kodak Company partner- 
ship, 1s seeking for a Medicinal 
Chemist with a strong biochemistry 
background. The candidate must 
have a PhD degree and experience in 
the synthesis of methylenediphos- 
phonate and e e analogs 
of nucleoside diphosphate sugars 
The candidate should also have ex- 
perience in the synthesis of nucleo- 
tide analogs of phypophosphate, 
phosphonoformate and phosphora- 
midate. The starting salary will be 
$32,000.00 per year. 


Please send your application along 
with your C.V. and the names of 
three references to Dr Roland K 
Robins, NARI, 3300 Hyland 
Avenue, Costa Mesa, CA 92626 

(NW239)A 
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THE UNIVERSITY OF NEW 
SOUTH WALES 
Sydney, Australia 


PROFESSOR OF 
ANALYTICAL CHEMISTRY 


Applications are invited for appoint 
ment to the Chair of Analytica 
Chemistry in the School of Chemis 
try, which became vacant upon th 
retirement of Professor L E Smythe 
Foundation Professor of Analytica 
Chemistry. Applications from ind» 
viduals with research interests in bio 
analysis, computer-based analysis 
nuclear magnetic resonance spectro 
scopy, inductively coupled plasm 
spectroscopy, chromatography © 
electrochemistry would be weM 
comed. 


Enquries about the Chair may b 
addressed to Professor V — 
Buchwald, Dean, Faculty of Sc» 
ence, or Professor P J Derrick 
Head, School of Chemistry, Univer 
sity of New South Wales, PO Box 1 
Kensington, New South Wales 20334 
Australia. 


Salary $A54,948 per annum. Sub 
ject to the consent of the Universit 
Council, professors may undertake 
limited amount of higher consulta: 
tive work. The University reserve 
the right to fill any Chair by invita 
tion. 


For full information about cond: 
tions of appointment and method c 
application write to the Secretar 

eneral, Association of Commor 
wealth Universities (Appts), } 
Gordon Square, London WCIN 
OPF. 


eee close 31 Octobe 
1985. 


Equality of employment oppo» 
tunity 1s University policy. 
(W2I71)A 


THE ROYAL SOCIETY 
requires an 
EDITORIAL ASSISTANT 


l . 
to work on the preparation of paper: 


for publication in its prestigiou: 
mathematical and physical journals 

Candidates must have a good degree 
in mathematics or physics. Some 
experience of editorial work woulc 
be an advantage, but it is no 
essential; appropriate training wil 

be given An eye for detail and < 
command of good style in writter 
English are essential. A non-smoker 
would be preferred. 


The appointment will be made or 
the Administrative Assistant grade 
(sala scale £7,383—£10,153. 
including London Allowance, in six 
steps). Applicants should be 1n the 
preferred age range 21-25, the 
appointment ts likely to be made ır 
the lower half of the scale 


Applications, with details of twc 
referees, should be sent to the 
Assistant Secretary (Finance anc 
Establishment), The Royal Society, 
6 Carlton House Terrace, London 
SWIY SAG, to arrive by 2( 
September 1985. (7582)A 
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as 


RESEARCH SCIENTIST 
PROTEIN CHEMISTRY 


G.D. Searle is a major international Pharmaceutical 
Company whose Research & Development Division at 
High Wycombe has several exciting programmes in the 
field of chemically and biologically derived products. 


A vacancy has ansen in the Protein Chemistry 
Department for a research scientist with a minimum of 2 
years post-graduate experience Jn a protein research 


laboratory 


The successful candidate will be expected to be familar 
with research skills such as HPLC, PAGE analysis etc 








The Company offers excellent salaries, 23 days holiday, 


contributory pension fund, health insurance scheme, 
subsidised cafeteria, recreation club, relocation assistance 
where appropriate, and pleasant laboratories in an attractive 


location 


Please obtain an application form from the Personne! 
Manager, G.D. Searle & Co. Ltd., Lane End Road, Sands, 
High Wycombe, Bucks. (Tel. High Wycombe 21124, ext. - 


3372). Please quote reference R50/182. 


SEARLE 


(7588)A 





THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Apphcations are invited from suit- 
ible qualified women and men for 


appointment to the following 
osinon: 

RESEARCH SCHOOL OF 
EARTH SCIENCES 
POSTDOCTORAL FELLOW/ 
RESEARCH FELLOW IN 
EXPERIMENTAL 
PETROLOGY 


The appointee will work in the 
wPetrochemistry Group with Pro- 
‘cessor A E Ringwood and Dr T Iri- 
fune ın the field of experimental pet- 
rology, and will also have adequate 
opportunity to pursue independent 
2>xperimental research in fields of in- 
terest to the Petrochemisty Group. 


Candidates are sought who are 
particularly interested in applying 
whe methods of experimental petrol- 
ogy to geochemical, petrological and 
geophysical processes occurring in 
subduction zones and in the subcon- 
minental lithosphere Topics of inter- 
est to the group include high 
poras phase transformations and 
antle petrolon in subduction 
zones including their bearing on geo- 
«dynamical processes, the petrogene- 
sis of subduction-related magmas 
and the geochemical evolution of the 
«mantle. The group is also interested 
mn the petrology and pert! of 
mhe subcontinental lithosphere, in- 
eluding problems relating to the 
‘Origin of diamonds and kimberlites. 
Alternatively, applications from 
candidates who wish to apply the 
techniques of experimental petrol- 
ogy to broader aspects of planet- 
ology, including the internal consti- 
tution and origin of the moon, would 
also be welcomed i 


Laboratory facilities available to 
the Petrochemistry Group include a 


wide range of solid pressure media, ` 


high P-T apparatus (to 180 kb, 3000 
deg C) together with diamond anvil 
systems equipped with laser heating. 
High temperature furnaces equip- 


ped for experimentation under con- 
trolled oxygen fugacities are also 


available. Extensive facilities for |. 


chemical microanalyses, X-ray and 
other studies of high pressure 
samples and phases also exist within 


«the school. They include two elec- 
X-ray. 


tronprobe microanalyzers, 
diffraction apparatus, 300 KV trans- 
mission electron microscope and ul- 
trasonic equipment for measure- 
ments of elastic properties of 
minerals. 


Conditions of appointment: 
Salary will be in accordance with 
ualifications and experience within 
the range. Postdoctoral Fellow 
Grade 1 $A22,614 — $25,905 pa; 
Research Fellow $A26,236 —~ 
$34,467 pa; current exchange rate: 
$A1 = UKSOp. 


Appointment will be: Research 
Fellow normally up to three years 
with the possibility of extension to 
maximum of five years; Postdoctoral 
Fellow normally two years, with the 
possibility of extension to maximum 
of three years. : 


Grants are provided towards 
travel and removal. Assistance to- 


. wards housing 1s given to an ap- 


pointee from outside Canberra. 
Eligible appointees will be required 
to join the Superannuation Scheme 
for Australian Universities. Mater- 
nity leave is available. The Univer- 
sity reserves the right not to make an 
appointment or to make an appoint- 
ment by invitation at any. time. 
Applicants should quote the adver- 
tisement reference when submitting 
applications, and when requesting 
further particulars, which are also 
available from the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
oon Square, London WCIH 


Applications should be submitted 


to the Acting Registrar of the Uni- . 


versity, GPO Box 4, Canberra, ACT 
2601, Australia. 


The University ıs an Equal Oppor- 
tunity Employer. (W2173)A 


UNIVERSITY OF 
ST ANDREWS 
DEPARTMENT OF ANATOMY 


AND EXPERIMENTAL 
PATHOLOGY 


GRADUATE 
RESEARCH ASSISTANT: 
Monoclonal Antibodies 


Applications are invited from recent 
graduates with cell culture experi 
ence for a research assistantship to 
work with Dr Clive Evans on the 
production and. testing of mono- 
clonal antibodies directed against 
tumour cells. The post is available 
immediately for 1 year in the first 
instance. 


Salary at appropriate point on 1B 
scale, which starts at £6,600 per 
annum. 


Applications, with CV and the 
names of two academic referees, 
should be sent as soon as possible to 
Dr Clive W. Evans, Department of 
Anatomy and Experimental Patho- 
logy, University of St Andrews, Fife 

Y169TS. (7579)A 





UNIVERSITY OF 
LONDON | 
Institute of Neurology 


Applications are invited for a post- 
doctoral position available for up to 
3% years in an MRC programme 
grant group monitoring transmitter 
amine metabolism in the freely 
moving rat. These new techniques 
are being applied in studies of 
feeding, stress and animal models of 
neurological and psychiatric illness. 


Applicants should have expertise 
in relevant aspects of experimental 
psychology and be interested in 


neurochemistry and/or 
pharmacology Initial salary within 
range £8,376-£10.611 (including 
London Weighting). 


Apply with CV and names of two 
referees to: Professor G. Curzon, 33, 
John’s Mews, London WCIN 2NS 


within three weeks of the 
appearance of this advertisement. 
(7570)A 





| Edinburgh EH1 3AF. 


UNIVERSITY OF OXFORD 
Microbiology Unit 


DEPARTMENT OF BIOCHEMISTRY 
DEPARTMENTAL 
DEMONSTATORSHIP 
(Ref: M/D/136) 


It is proposed to appoint a Depart- 
mental Demonstrator in the Micro- 
biology Unit from ‘1st October, 
1985. The salary will be on the scale 
£6,600 — £9,390 pa according to 
qualifications and experience and 
with membership of USS. The 
appointment is for a period not ex- 
ceeding 3 years. The successful 
candidate will be expected to take 
part in departmental teaching and 
to conduct his or her own research 


Applications {3 copies), including 
the names and addresses of two 
referees, should be sent, not later 
than 30th September 1985, to Pro- 
fessor J Mandelstam, Micrabi- 
ology Unit, Department of Bio- 
chemistry, South Parks Road, 
Oxford OX1 3QU. (7537)A 


CHURCHILL LIVINGSTONE 


FREELANCE STAFF 


for detailed editing of medical text- 
books. Publishing experience and 
scientific background essential. 


Applications and details to Editor- 
ial Manager, Churchill Livingstone, 
1-3 Baxter's Place, Leith Walk, 
(7568)A 


r 
F 


Please mention 


nature 


when replying to 
these advertisements 
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Trinity College 


Classified 18 
WELLCOME TRUST 
{Post Doctoral} 


LECTURESHIP IN 


IMMUNOLOGY 
DEPARTMENTS OF CLINICAL 
MEDICINE AND 
IMMUNOLOGY 
Applications are invited for the above 
post in the Departments of Clincial 
Medicine and Immunology at Trinity 
College, Dublin. The successful can- 
didate will be employed to research 
projects concerned with the patho- 
genesis of coeliac disease. Experi- 
ence in immunological technology Is 

destrable 
Appointment will be made for three 
years initially, with the possibility of 
extension for a further two years if 
satisfactory progress is achieved. 
Preference will be given to candidates 
aged under 35 years who do not cur- 
rently hold tenured appointments. 
Candidates are requested to submit: 
{a) a full curriculum vitae, together 
with the names of two referees. 
{b) a 500 word statement specifying 
the research they would pursue if 
their candidacy were successful 
Applications should be sent to:— 
Professor Donald G. Weir, Depart- 
ment of Clinical Medicine, TCD 
Medical School, St James's Hospital, 
Dublin 8. To arrive not later than 
Friday, 27th September, 1985 
(7535)A 


POSTDOCTORAL 
POSITIONS (TWO): 


Available immediately to 
study alterations in genetic 
structure during cellular 
aging. Apply with curricu 
lum vitae and names and 
addresses of three referees 
to: Dr. Sam Goldstein and 
Dr. Robert J. Shmookler 
Reis, Departments of Medi- 
cine and Biochemistry, 
Slot 604, University of Ar 
kansas for Medical Sci 
ences, 4301 West 
Markham, Little Rock, Ark. 
72205. (NW225)A 


ASSISTANT/ 
ASSOCIATE PROFESSOR 


Molecular animal virology 


Applications are invited for a 
tenure-track position at ether the 
assistant or associate professor 
level in a highly productive and 
interactive research and teaching 
department. Candidates should 
have a proven record of product- 
ivity tn the area of molecular 
animal virology Please send cur 
riculum vitae, bibliography, des 
cription of research interests, and 
names and addresses of three 
references to’ 


Dr Arthur Brown 
Department of Microbiology 
University of Tennessee 
Knoxville, Tenn. 37996 


Deadline for applications ts 15 Sep- 
tember 1985. Earliest starting date 
is 1 January 1986, 

The University of Tennessee is an 
Affirmative Action/Equal Oppor 
tunity Employer Inw201 JA 





UNIVERSITY OF DUBLIN 


UNIVERSITY OFLONDON | UNIVERSITY OF LONDON 


GOLDSMITHS’ COLLEGE 
(0.5) LECTURER IN 
BIOLOGICAL CHEMISTRY 


Applications are invited for a half- 
time lecturership in biological chem- 


istry in the Life Sciences Depart- | 


ment. Candidates should have high 
academic qualifications, a research 
commitment, and be able to offer 
expertise in one, or more, of the fol- 
lowing areas of biological chemistry: 
Kinetics, separative methods, spec- 
troscopy 


The post will start in January 1986, 
and will be for one year in the first 
instance. 


The salary will be pro rata on the 
scale £8,586 x 12 increments to 
£14,166 per annum inclusive. 


Write for further details to the 
Senior Assistant Registrar (Per- 
sonnel), University of London Gold- 
smiths’ College, New Cross, London 
SE14 6NW. Closing date for the 
aa of rea fg applications 
20th September 1985. 


The College 1s an Equal Oppor- 
tunities Employer. (7583)A 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF 
PHARMACOLOGY 


TECHNICIAN GRADE 4/5 


Main responsibility will be to orga- 
nise and run the Teaching Labora- 
tories (for B.Sc and preclinical med- 
ical see Previous laboratory 
experience of experimental pharma- 
cology is essential. There will be 
some opportunities to contribute to 
research. Minimum qualification 
HNC in a biological science. 


5 weeks annual leave. Salary on 
scale £7,406 —-£8 ,984 inc LW (under 
review) 


Application form from Personnel 
Officer (Technical Staff FE9), Um- 
versity College London, Gower 
Street, London WCIE 6BT. 

(F544) A 





IMPERIAL COLLEGE 
DEPARTMENT OF BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH ASSISTANT 
(1A) 


Post-Doctoral Research Assistant 
(1A Scale, up to point 6) required to 
assist ın purification and characteri- 
sation of peptide-containing toxins. 
Due to exciting recent developments 
we are renee our research in this 
area and we have an immediate 
vacancy for a biochemist with experi- 
ence in handling small quantities of 
biological substances 


Applicants should have an interest 
in advanced mass spectrometry and/ 
or NMR but experience in these 
techniques is not essential. 


Candidates should send a full CV 
immediately to Dr A Dell, Depart- 
ment of Biochemisty Imperial 
College, London SW7 2AZ. 

(TS45)A 


Royal Postgraduate 
Medical School 


MRC CLINICAL 
IMMUNOLOGY RESEARCH 
GROUP 


A 3 year post-doctoral position is 
available from October/November 
1985, funded by the Wellcome Trust 
and within the section working on 
the immunology and pathogenesis of 
human cytomegalovirus The pro- 
ject will involve characterising the 
extent to which CMV infects and is 
expressed in immunocompetent cells 
in relation to functional conse- 
quences. Applicants should prefer- 
ably have some background in mol- 
ecular microbiology 


Application forms and further 
particulars available from the Per- 
sonnel Office, Royal Postgraduate 
Medical School, 150 Ducane Rd, 
London W12 OHS quoting ref: 
2/IGPS. 


Closing Date: 20 September 1985. 
(7562)A 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF VETERINARY 
MEDICINE 


Applications are invited for the post 
of 


RESEARCH FELLOW IN 
VETERINARY MEDICINE 


The appointed person expenenced 
in immunology or molecular biology 
will be expected to develop his/her 
own specialist interest and contri- 
bute to a multidisciplinary research 
group studying infectious disease 
and immune protection at mucosal 
surfaces. 


A veterinary qualification is desir- 
able but not essenttal 


The post, available from Ist 
January 1986, ts fully tenured. Initial 
salary scale’ £11,205 —- £14,925 pa 


Applications with curriculum 
vitae and the names and addresses of 
three referees by September 16th to 
Professor F J Bourne, Department 
of Veterinary Medicine, Langford 
House, Langford, Bristol, BS18 
7DU, from whom further particulars 
can be obtained. (7558)A 
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THE INSTITUTE FOR 
ADVANCED STUDY 


will have an opening for a long-term» 
(5 year) member in high energy 
AERE and field theory beginning 
eptember 1986. Salary ıs above 
post-doctoral level and 1s commen- 
surate with qualifications. In addıt- 
ion to exceptional qualifications for 
pursuing his or her individual re- 
search, the successful candidate 
should be interested ın talking to, 
and possibly collaborating with, 
other post-doctoral members The 
duties of a long-term member consist 
only of performance of individual 
research, being helpful to other 
members ın their research and re- 
viewing postdoctoral applications 
Requests for applications should be 
addressed to Page Hartwell, Schoo 
Admınistrative Officer, School of 
Natural Sciences, Institute for Ad- 
vanced Study, Princeton, NJ 08540. 
The closing date for applications 1s 
December 15, 1985. The Institute for 
Advanced Study is an affirmative 
action/equal opportunity employer. 
(NW218)A 


OXFORD POLYTECHNIC 


DEPARTMENT OF BIOLOGY 
TEMPORARY LECTURER II 
SENIOR LECTURER IN 
BIOCHEMISTRY 


Applications are invited for a one 
year temporary post, which may be 
renewable annually for a maximum 
of two further years, and is available 
from 1 September 1985. The ap- 
pointee will be expected to teach bio- 
chemistry, particularly metabolic 
and analytical aspects, to Honours 
Degree and HNC students and to 
collaborate in one of the existing re- 
search activities of the department. 


Salary range £7,548 — £14,061 
(under review), 


_ Further particulars and applica- 
tion form may be obtained from the 
Staffing Office, Oxford Polytechnic, 
Gipsy Lane, Headington, Oxford 
OX3 OBP. Telephone Oxford 64777 
Ext 364. 


Closing date 20th September 
1985. 


An equal opportunities POEN 
(7536)A 


A PROFESSORSHIP (C2) IN 
BIOCHEMISTRY 


at the Faculty of Chemisty and Pharmacy is to be filled by 
January 1st, 1986 


The successful candidate is expected to partake in research and 
teaching. His research activities should concentrate in the field of 
biophysical chemistry. It is required that applicants have com- 


pleted and have qualified as a lecturer in biochemistry. 
Applicant should not exceed the age of 40 years at the time of 


their appointment. 


Applications should be sent to the Dean of the Faculty of 


Chemistry and 


Pharmacy, 


Universitatshauptgebaude, 


Geschwister-Scholl-Platz 1, D —- 8000 Miinchen 22 and accom- 
panied by the usual documents (curriculum vitae, certificates, 


list of publications). 









Please mention 


nature 


when replying to these advertisements 


(W2158)A 
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UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF APPLIED 
BIOCHEMISTRY & FOOD SCIENCE 


RESEARCH ASSISTANT IN 
°HYSICAL BIOCHEMISTRY 


Paron are invited for the post 
f Research Assistant in Physical 
310chemustry to study the polydis- 
versity of polysaccharides and their 
nteractions with proteins. 


Experience in one or more of the 
‘ollowing areas would be an advan- 
age; analytical ultracentrifugation, 
‘olumn chromatography, carbohy- 
irate chemistry The successful can- 
lidate will have at least an Upper 
“nd class degree in Chemistry, Bio- 
bien yh or Biophysics and will be 
>xpected to register fora PhD. 


The Asststantship which is funded 
xy the AFRC will be for 3 years, 
commencing as soon as possible. 
salary is on the Universities 1B 
scale. £6,600 —— 7,520 (under 
eview). Applications (including a cv 
ind names of 2 academic referees) 
should be sent to Dr S E Harding, 
Department of Applied Biochemis- 
ry and Food Science, University of 
Nottingham, School of Agniculture, 
sutton Bonington, Loughborough, 
-E12 5RD. (7564)A 


THE UNIVERSITY OF 
MANCHESTER 


TEMPORARY LECTURER 
IN NUMERICAL ANALYSIS 


Apphcations are invited for this post 

enable from January 1st, 1986 for 12 
«months (with the possibility of ex- 
«tension). Initial salary will be nor- 
«mally within the range £7,520 — 
£8,930 pa (under review) Superan- 
nuation 


Particulars and application forms 
Sabai by September 27th) 
rom the Registrar, The University, 
Manchester M13 9PL. Quote ref 
206/85/N (7563)A 





UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF PHYSIOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Ionic Channels in Muscle 


Apphcations are invited for the 
above post to work with Dr N B 
Standen and Dr P R. Stanfield ona 
project supported by the M.R.C. 
involving patch-clamp studies of 
skeletal muscle fibres In addition to 
single channel recording from adult 
aad cultured cells, carried out on- 
line to a computer, methods for 
channel reconstitution and their 
study in lipid bilayers will be used. 


Salary within the first three points 
of Range IA The position 1s avail- 
able immediately, and until 30th 
September 1987 


Applications including the names 
of two referees to Dr N B. Standen, 
Department of Physiology, Univer- 
sity of Leicester LE1 7RH, who will 
be pleased to supply further informa- 
tion. Closing date, 30th September, 
1985 (7575)A 


UNIVERSITY OF 
CALIFORNIA 


DEPARTMENT OF PHYSICS 
ENDOWED CHAIR 
PROFESSOR OF PHYSICS 


The UCLA Physics Department has 
an open Endowed Charr position An 
appointment will be considered in any 
field of experimental or theoretical 
physics. The successful candidate will 
have a regular University of 
California tenured faculty position; 
the endowment income will support 
the candidates’ program 


The successful candidate will be 
expected to lead an internationally 
recognized research program, and to 
teach at the graduate and under- 
graduate level. 


Applicants should send a 
curriculum vitae, a brief statement of 
past, present, and future research 
interests, and the names of 5-10 
referees to C Kennel, Chair, 
Department of Physics, University of 
California, Los Angeles, CA 90024. 


The department 1s especially 
interested in identifying women and 
minority candidates. 


The University of California is an 
affirmative action/equal opportunity 
employer. (NW 1435)A 


ALBERT EINSTEIN 
COLLEGE 


THE DEPARTMENT OF 
NEUROSCIENCE 
seeks investigators for a position at 
the 


ASSISTANT PROFESSOR 
LEVEL 


with interests in molecular neuro- 
biology. Preference will be given to 
individuals with expertise in molecu- 
lar biology. 


Send curriculum vitae, biblog- 
raphy and names of three referees 
to: Dr Michael V L Bennett, Chair- 
man of the Department of Neuro- 
science, Albert Einstein College of 
Medicine, 1300 Morns Park 
Avenue, Bronx, NY 10461 An 
Equal Opportunity Employer 

INW210)A 





THE UNIVERSITY OF 
MANCHESTER 


LECTURERS IN 
CELL BIOLOGY 


Applications are invited for these 
two posts in the Department of 
Medicine based im the Medical 
School. The posts are for Cell Biolo- 
gists who will undertake research 
into mechanisms of hormone action, 
cell growth and differentiation. The 
laboratory-based research interests 
would be expected to complement 
clinical interests in the pathogenesis 
of diabetes and diabetic complica- 
tions and the pathogenesis of thyroid 
disorders Each post is tenable from 
January Ist, 1986 or a later date to be 
arranged. Salary range pa: £7,520 — 
£14,925. Superannuation. 


Particulars and application forms 
(returnable by September 23rd) 
from the Registrar, The University, 
Manchester M13 9PL Quote ref 
155/85/N. (7553)A 


Classified t9 


UNIVERSITY OF ARIZONA 


FACULTY POSITION IN 
BIOCHEMISTRY DEPARTMENT 


Applications are invited from outstanding candidates who have 
demonstrated originality and productivity for a tenure-track 
faculty position at either the junior or senior level. Preference will 
be given to candidates with research interests in either experi- 
mental or theoretical aspects of macromolecular dynamics or tn 
the application of nmr spectroscopy to biological problems. The 


successful candidate will also participate in graduate/ under 


graduate teaching. 


+ 


Applicants should submit curriculum vitae, bibliography, a 2- 
page summary of research plans, copies of two representative 
publications or preprints, and arrange for three letters of refer- 
ence to be sent by November 1, 1985 to Dr Gordon Tollin, Dept. of 
Biochemistry, Biosciences West, University of Arizona, Tucson, 


AZ 85721. 


An Equal Opportunity/Affirmative Action Title IX/Section 504 


Employer. 


MASSEY UNIVERSITY 
Palmerston North, New Zealand 


LECTURER IN 
CELL BIOLOGY 


DEPARTMENT OF 
MICROBIOLOGY AND GENETICS 


Applications are invited for a posi- 
tion as Lecturer within the Depart- 
ment of Microbiology and Genetics. 
Cell Biologists whose interests ex- 
tend euaue) into gentics should be 
encouraged to apply Teaching with- 
in the Department extends across 
the undergraduate and graduate 
levels. It is hosed that the successful 
applicant will participate in collabor- 
ative research both within the Uni- 
versity and with associated research 
institutions. The level of appoint- 
ment will be commensurate with 
experience but within the range 
NZ$23 ,622 — NZ$27,928 (this scale 
is under review). 


Further details of the position, to- 
gether with conditions of appoint- 
ment, may be obtained from the Sec- 
retary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCI1H OPF; or from the Registrar of 
the University, with whom applica- 
tions close on 15 October 198. 

(W2172)A 


MONASH UNIVERSITY 


DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 


Fixed-Term (3 year) 
SENIOR LECTURER 


At Queen Victoria Medical Centre. 
MBBS with Specialty Qualifications 
in Obstetrics & Gynaecology or non- 
medical graduate with Ph D. in an 
area related to reproductive biology 

To teach reproductive biology 
related to obstetrics and gynaecol- 
ogy and conduct related research. 


Enquiries to Associate Professor 
Walters on 665 5437. Applications 
including Ref. No. 30612, curricu- 
lum vitae and 3 referees to the Reg- 
istrar, Monash University, Clayton, 
Vic. 3168, Australia by 31/10/85. 


An Equal Opportunity Employer. 
È ý (W2IB7)A 


(NW83)A 





THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF ANIMAL 
PHYSIOLOGY AND NUTRITION 


Applications are invited for a post of 


POSTDOCTORAL 
RESEARCH FELLOW 


for a project to study acetate metab- 
olism in mammals. The appointment 
will be made for a fixed term of up to 
one year and five months. 


Applicants should have a first 
degree in biochemistry or a closely 
related subject and should hold, or 
shortly expect to receive, a PhD. 
Experience ın the use of radioactive 
isotopes in the study of metabolic 
pathways and turnover in vitro 
would be an advantage. 


Salary on Range 1A for Research 
and Analogous Staff (£7,520 — 
£12,150) (under review) according to 
age, experience and qualifications. 


Informal enquiries may be made 
to Dr G H Smith, (Tel (0532) 
431751, ext 7384). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds: 
LS2 9JT, quoting reference number 
61/22. Closing date for applications 
26 September 1985 (7560)A 


UNIVERSITY OF 
WISCONSIN—MADISON 


Department of 
Botany 


MYCOLOGIST 


Tenure-track position, beginning 
fall, 1986. We seek a broadly- 
trained Ph.D. to pursue a vigorous 
research program in any area of 
funga! studies, and teach a general 


mycology course with laboratory 


Send CV, copies of publications, 
graduate transcripts, brief state- 
ment of research interests and 
names and address of 3 referees by 
October 15 to’ 


Dr Linda E. Graham 
Department of Botany 
University of Wisconsin—-Madison 
Madison, WI 53706 

USA = 
(NW220)A 
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¥=/Southampton: 
N i, THE : 
4, 7 5 UNIVERSITY | 


Department of Oceanography 
LECTURESHIP 


in Marine Organic Chemistry 
As part of tts expansion the Depart- 
ment wishes to appoint a lecturer 
to develop its marine chemical 
work in the organic field Research 
interests in processes in the water 
column or a willingness to apply 
expertise in this are will be an 
advantage. Candidates should be 
interested in developing courses 
relevant to the multidisciplinary 
teaching programme in the Depart- 
ment at undergraduate and post 
graduate levels 
Salary scale — £7,520 x £470 to 
£14,925 per annum (under review). 
The initial salary will depend on 
qualifications and experience 
Further particulars may be obtain- 
ed from: D.A S. Copeland, The Un- 
iversity, Southampton SO9 5NH, 
to whom applications (7 copies 
from UK applicants} should be sent 
not later than 31 October 1985, 
quoting ref.no 2193 (7548)A 











UNIVERSITY OF KENT 
AT CANTERBURY SSS 


Postdoctoral 
Fellow in 
Biological 
Chemistry 


Applications are invited for a 
Postdoctoral Fellow in Biological 
Chemistry, funded by the SERC, 
for one year, to study the mech- 
anism of transfer of the phos- 
phate group in transfer enzymes 
Candidates should be interested 
in furthering their experience of 
reaction mechanism at a funda- 
mental level and, if possible, 
should have experience in 
nucleotide chemistry Salary: 
£7,520-£7,980 (under review) on 
the 1A scale. Enquiries to Dr A 
Williams (0227-66822 Extn 693). 
Apply by letter with full curricu- 
lum vitae and the names and 
addresses of two referees to The 
Assistant Registrar, Faculty of 
Natural Sciences, The Registry, 
The University, Canterbury, Kent 
CT2 7NZ Please quote ref: 
A53/85/N. (7569)A 




























ASSISTANT/ l 
ASSOCIATE PROFESSOR 


Molecular animal virology. Appli 
cations are invited for a tenure- 
track position at either the assis- 
tant or associate professor level 
in a highly productive and inter- 
active research and teaching de- | 
partment. Candidates should 
have a proven record of produc- 
tivity in the area of molecular 
animal virology. 

Please send curriculum vitae, 
bibliography, description of re 
search interests, and names and 
addresses of three references 
to: Dr, Arthur Brown, Depart 
ment of Microbiology, Univer 
sity of Tennessee, Knoxville, 
Tenn. 37996. Deadline for appli- 
cation is 15 September 1985; 
earliest starting date is 1 
January 1986. The University of 
Tennessee is an Affirmative 
Action Equal Opportunity 
Employer. (NW233)A 





bi t 


UNIVERSITY OF SURREY/ 
STANDARD 
TELECOMMUNICATION 
LABORATORIES LTD 


RESEARCH FELLOWS 


HIGH PRESSURES AND 
PHYSICS OF LOW 
DIMENSIONAL SYSTEMS 


A 4-year co-operative SERC project 
between physics groups in 6 universi- 
ties (Cambridge, Impenal College 
(London), Nottingham, Oxford, St 
Andrews, and Surrey) and the 
SERC High Pressure Facility at 
Standard Telecommunication Lab- 
oratories, Harlow, and supported in 
part by STL funding, requires the 
recruitment of two post-doctoral 
research fellows: 


1. A physicist with experience in 
the use of very high pressure equip- 
ment, and an understanding of semi- 
conductor physics, particularly band 
structure and transport. The success- 
ful candidate would develop meas- 
urement techniques at very high 
pressures and low temperatures sim- 
ultaneously, and transfer these to 
laboratones collaborating ın the 
SERC Low Dimensional Systems 
Initiative. i 


2. A mechanical engineer, with 
experience in stress analysis, partic- 
ularly of materials for use near the 
failure limit, for innovative design of 
high pressure equipment for pres- 
sures above 5 GPa/50 kilobars. 


Both research fellows would be 
attached to the University of Surrey, 
but would work at the SERC High 
Pressure Facility at STL. Both posts 
will be for a period of four years 
Salary will be on the Research & 
Analogous Range IA up to £7,980 pa 
(under review) with superannuation 
under USS conditions. 


Further information can be ob- . 


tained from Professor C H L Good- 
man, Director, SERC High Pressure 


Facility, STL, London Road, 
Harlow, Essex CM17 9NA or tel 
0279 29531 ext 3308 


- 


Applications in the form of a cur- 
riculum vitae (3 copies) and includ- 
ing the names and addresses of two 
referees, should be sent to the Per- 
sonnel Office (JLG), University of 
Surrey, Guildford, Surrey GU25XH 
by 27 September 1985 quoting refer- 
ence 431/N. (ISSAVA 


UNIVERSITY OF 
QUEENSLAND 


RESEARCH FELLOW — 
BIOCHEMISTRY 


To join a group currently investigat- 
ing gene expression in resistant and 
susceptible cereals mfected with 
rusts and powdery mildew fun 
Experience in recombinant DNA 
technology and DNA sequencing an 
advantage ue 


Salary per annum: $A26,236 — 
$A34,467. Please supply-names of 
three referees. ae date’ 30th 
September, 1985, Ref. 33085 


Application forms are available 
from the  Secretary-General, 
Association of Commonwealth Uni- 
versities, 36 Gordon Square, 
London WC1H OPF. 


The University of Queensland is 
an Equal Opportunity Employer 
(W2157)A 


THE INSTITUTE OF 
CANCER RESEARCH 


POSTDOCTORAL . 
RESEARCH CHEMIST 


Applications are invited from 
chemists, preferably but not neces- 
sarily with experience in heterocyclic 
chemistry, for a vacancy within the 
Drug Development Section located 
in the Institute's laboratories at 
Sutton, Surrey The successful can- 
didate will be invited to join a multi- 
disciplinary team concerned with the 
synthesis and evaluation of quinazo- 
line-based antifolates as potential 
cancer chemotherapeutic agents 


The appointment ıs for 3 years 
Salary in the range of £7,520— 
£11,205 plus London Allowance of 
£1,233 - 


Applicants are advised that tn the 
majority of the Institute’s premises 
smoking 1s prohibited 


Applications, including a full cur- 
riculum vitae and the names and 
addresses of at least two referees, 
should be sent in duplicate to the 
Personnel Officer, Institute of Can- 
cer Research, 17A Onslow Gardens, 
London SW7 3AL, quoting ref 300/ 
G/17. (7581I)A 


NATURE VOL 3175 SEPTEMBER 19: 
KINGSTON POLYTECHNIC 
Faculty of Science 


SCHOOL OF INDUSTRIAL, 
ORGANIC & POLYMER 
CHEMISTRY 


LECTURER II IN 
CHEMISTRY 


A lecturer 1s required to teact 
organic chemistry to higher diplomz 
and/or honours degree standard A 
willingness to acquire and develop 
an interest ın one of the following 
specialist areas would be advan 
tageous. 


1) Applications of chemistry tc 
microelectronics eg. substances used 
in display and memory devices o1 
resist technology. 


2) Chemical process technology. 


Salary range £8,226 — £12,777 in- 
cluding London allowance Appli- 
cation forms and further details from 
Personnel Officer, Kingston Poly- 
technic, Penrhyn Road, Kingston 
upon Thames, KT1 2EE. Tel 01-549 
1366, ext 287. 


Closing date 20th 
1985. 


Sey tember 
(TS41)A 





BIOTECHNOLOGISTS! 


What's going on in the world’s fastest- 
growing scientific discipline? 


To find out, send for a sample copy of 
BIOTECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Journals, 


4 Little Essex St., 
London WC2R 3LF 


or 


Paul Siman, Bio/Technology, 
65 Bleecker St., New York, NY 10012. 




























FISHERY SCIENTIST 
Mote Marine laboratory (MMIL) 


an independent, nonprofit organi- 
zation, seeks to fill a scientific posi- 
tion Requirements are: (I) Ph D. or 
equivalent, {l} experience in fisher- 
res research. MML is committed to 
programs of habitat, aquaculture, 
larval rearing, reproductive, and 
trophic studies in Florida, therefore 
experience with Southeastern 
Marine and Estuarine Fisheries is 
desirable. The position will involve 
research, publications, obtaining 
grant funds, and supervision. 
Salary is commensurate with quali- 
fications. Send detailed résumé, 
copies of publications, and names 
and addresses of three references 
before 22nd September to: Dr. K. 
Mahadevan, Mote Marine Labora- 
tory, 1600 City Island Park, 
Sarasota, Fla,33577. (NW240}A 








FACULTY POSITION 
MOLECULAR BIOLOGIST 


Tenure track opening for a 
molecular biologist at the 
Assistant or Associate Pro- 
fessor level tn the Department 
of Chemistry and Biochem- 
istry at Texas Tech University 
for the Fail semester of 1986. 
Experience with recombinant 
DNA techniques and/or related 
molecular biological methods 


‘required. Prior to October 16, 
1985, applicants should for- 
ward a resume and description 


of proposed research and 
arrange to have three letters of 
recommendation sent to. Pro- 
fessor Pill-Soon Song, Depart- 
ment of Chemistry and Bio- 
chemistry, Texas Tech Univer- 
sity, Lubbock, Texas 79409. 
Texas Tech University ts an 
EO/AA employer. (NW174)A 


ATURE VOL 317 5 SEPTEMBER 1985 


UNIVERSITY OF 
AUCKLAND 


New Zealand 


applications are invited for the fol- 
lowing posts 


ASSOCIATE-PROFESSOR 
IN ENVIRONMENTAL 
SCIENCE 


Applicants wil be expected to hold 
dvanced qualifications, be able to 
emonstrate a strong research 
ecord, and have experience in 
zaching in a university environ- 
nent A background in the biologic- 
|, chemical and carth sciences 
sould be preferred, together with 
n involvement in applied environ- 
nentally ortentated research A firm 
ommitment to future research on 
nvironmental problems is essential. 
rhis ts a new position; a first step 
oward the setting up of a graduate 
xrogramme leading to an MSc 
awarded jointly in Environmental 
science and another science subject. 
he appointee will initially be in- 
solved in the planning and establish- 
nent of the course, then in develop- 
ng, directing and maintaining 1t and 
an Ongoing programme of research. 
Closing date. 30 October 1985 


LECTURESHIP IN 
BIOCHEMISTRY 


Applicants should have a first degree 
n Biochemistry or Chemistry, plus a 
doctorate in the same or a related 
held Some postdoctoral experience 
is expected. Duties will include 
teaching at both undergraduate and 
graduate level. Closing date’ 11 
October 1985 


LECTURESHIP IN 
INORGANIC CHEMISTRY 


Applicants should have a PhD or 
equivalent qualification While the 
Department has strengths in transi- 
ton metal chemistry and now seeks 
xO build strengths in some area of 
inorganic chemistry, applicants with 
an interest and expertise tn any area 
of inorganic chemistry will be con- 
sidered Closing date: 18 October 
1985 


Commencing salary will be estab- 
Mished, having regard to the qualifi- 
cations of the candidate concerned, 
within the appropriate scales (which 
are currently under review): Assoc- 
nate-Professor NZ$40,995, Lecturer 
§NZ.$23 ,622-$27 ,928 per annum. 


Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar (Acad- 
emic Appointments), University of 
Auckland, Private Bag, Auckland, 
New Zealand, or the Secretary Gen- 
eral, Association of Commonwealth 
Universities apn 36 Gordon 
Square, London WC1H OPF. Appli- 
cations in accordance with the 
Method of Application should be 
forwarded as soon as possible, but 
not later than the closing dates 
specified (W2197)A 
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THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF PHYSICS 


SPACE PHYSICS RESEARCH 


We wish to recruit research staff at a 
die tes level within the Space 

hysics Group, to be responsible for 
investigations into dynamical pro- 
cesses associated with bulk transport 
in the Middle Atmosphere. The post 
1s to study air motions near the meso- 
pause in a umque tristatic meteor 
radar experiment where data 1s re- 
corded and processed by on-line 
minicomputers 


The results are to advance in par- 
ticular the new meteorology of the 
upper mesosphere The post will 
involve working with an existing 
small team and ıs available from | 
October 1985 for three years in the 
first instance 


Salary is on the IA scale for 
Research and Analogous staff. Age 
and experience should be such that 
an appointment can be made at point 
4 on this scale (£8,920 rising to 
£9,390, under review). 


Letters of application (2 copies), 
including a curriculum vitae and the 
names and addresses of 2 referees 
should be sent as soon as possible to 
Professor G Turner FRS, Head of 
Department, Department of Phys- 
ics, Sheffield S3 7RH (from whom 
further particulars are available). 
Quote ref: R338/G (7592)A 





UNIVERSITY OF WAIKATO 
Hamilton, New Zealand 


LECTURER IN PHYSICS 
Vacancy A85/15 


The University invites applications 
for a lectureship in the Department 
of Physics. The appointee would 
have overall responsibility for first 
year courses in physics and be ex- 

ected to lecture and examine at all 
evels. An interest ın science educa- 
tion as a subject would be an advant- 
age. Research interests of the staff of 
the department include plasma phys- 
ics, physics education, quantum 
Shen amorphous solids, medical 
physics and electronics. 


The current salary range for Lec- 
turers 1s NZ$23,622-NZ$27,928 per 
annum. 


Interested applicants should 
obtain further details from The Reg- 
istrar, University of Watkato, Priv- 
ate Bag, Hamilton, New Zealand, or 
from the Secretary General, Assoc- 
1ation of Commonwealth Universi- 
ties (Appts), 36 Gordon Square, 
London WC1H OPF. 


Equality of employment oppor- 
tunity is University policy. 

Applications close with the Reg- 
istrar on 4 October 1985 (W2196) 


Please mention 


nature 


when replying to. these advertisements 





JAMES COOK UNIVERSITY 
OF NORTH QUEENSLAND 


Townsville, Australia 


TEMPORARY LECTURER 
IN DEPARTMENT OF 
ZOOLOGY 


Applications are invited for the posi- 
tion of Temporary Lecturer in the 
Department of Zoology The posi- 
tion 1s available from 3 February 
1986 to 31 December 1988. 


Applicants must have a PhD and 
strong quantitative skills, and re- 
search expertise in community ecol- 
ogy or ecological genetics. James 
Cook ıs Australia’s only tropical uni- 
versity, with access to a wide range of 
terrestrial habitats, and preference 
will be given to applicants whose 
research interests will allow them to 
take advantage of the University’s 
unique position. 


Salary range for the position is 
$A26,236-$A34,467 per annum 


Further information and method 
of application available from 
the Secretary General, Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WIH OPF Applications close on 18 
October 1985. 


(Reference No. 
85099.) 


(W2195)A 


UNIVERSITY OF UPPSALA, 
SWEDEN 


POST-DOCTORAL 
RESEARCH ASSISTANT 


Required for one year to perform 
research in the field of arthropod 
immunity. Candidates should have a 
PhD and experience in biochemis- 
try, cell biology or immunochemis- 
try. 

Applications with a complete CV 
should be sent to Dr Kenneth Soder- 
hall, Institute of Physiological 
Botany, University of Uppsala, Box 
540, $-751 21 Upsaila, Sweden. 

(W2186)A 


THE UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


DEPARTMENT OF BIOCHEMISTRY AND 
AGRICULTURAL BIOCHEMISTRY 


AFRC POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a Post- 
doctoral Research Assistant to 
study the mode of action of ergo- 
stero!-biosynthesis-inhibiting fun- 
gicides and the basis of pathogen 
susceptibility and resistance to 
them. The work will be carned out 
in collaboration with scientists 
from Long Ashton Research Sta- 
tion, AFRC. The post ıs available for 
up to three years from 1 October 
1985. The starting salary ts within 
the 1A Scale £7,520 to £12,150 per 
annum. 
Applications, including the names 
of two referees and a curriculum 
vitae, should be sent as soon as 
abate to the Staffing Officer, 
e University College of Wales, 
Oid College, King Street, Aberyst- 
wyth SY23 2AX from whom fur- 
ther particulars may be obtained 
{Tel 0970 3177 ext 207). Telephone 
inquiries may also be made direct 
to Dr E | Mercer in the Department 
{Tel 09703111 ext 3105). (7585)A 





- {Southampton 
THE 
UNIVERSITY 


INSTITUTE OF CRYOGENICS 


Applications are invited for the 
post of 


LECTURER 
in the Institute of Cryogenics Can- 
didates should have a Ph.D and 
research experience In applied low 
temperature physics or cryogenic 
engineering and a strong interest 
in teaching. The post will require 
the development of inks with in 
dustry, via continuing education 
activities and collaborative 
research 
Salary within scale. £7,520-£14,925 
per annum (under review) The 
appointment will be for two years 
in the first instance 
Further particulars may be obtain- 
ed from Mr D. A S. Copland, The 
University, Southampton S09 
5NH, to whom applications (7 
copies from UK applicants) should 
be sent not later than 30 October, 
1985, quoting reference number 
2197 {7552}A 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF PATHOLOGY 
TECHNICIAN GRADE 3 


To provide technical assistance for a 
research project examining changes 
in muscle cell membranes associated 
with the muscular dystrophies. The 
work will involve the use of histo- 
logical techniques for light and elec- 
tron microscopy. 


ONC or equivalent ıs the mini- 
mum qualification, plus three years 
relevant experience, but the post 
would also be suitable for a graduate 
with experience in the biological 
sciences. 


This post ıs tenable for one year 
initially with the possibility of re- 
newal for a further year. 


Salary within range £5,399 — 
£5,701 pa (under review) 


Application forms may be ob- 
tained from the Registrar, The Uni- 
versity, PO Box 147, Liverpool, L69 
3BX 


Quote Ref:PER/760/N. 
(7554)A 


NMR PHYSICIST OR 
ENGINEER 


with knowledge of NMR elec- 
tronics and RF technology and 
interest in probe design/con 
struction. Challenging posit 
ion with opportunities for 
instrument development and 
research collaboration. Aca 
demic staff appointment, rank 


and salary dependent on quali- 
fications. 


Application and letters of refer 
ence should be sent to: 

Dr. Oleg Jardetzky 

Stanford Magnetic Resonance 
Laboratory 

Stanford University 

Stanford, CA 94305 


Stanford is an  EO/AA 
employer. (NW226)A 
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AWARDS 


The Drs C. and F. Demuth Swiss Medical Research 
Foundation announces its fifth yearly International 
Award of SFrs 15,000 for young investigators in the 
Neurosciences 
For the 1986 Award, applications are invited from scientists working in the 


field of 


“CENTRAL PROCESSING OF VISION AND 
ITS SUBSTRATES” 


Candidates from all nationalities, not older than 35 years, are requested to 
submit (1) their CV including a list of publications, (1) a résumé of current 
and projected work (a brief heading followed by two or three typewritten 
pages), and (ni) reprints of their three most important articles. Also, they 
are asked to arrange for two referees acquainted with their work to send 
letters of support directly to the address below 


The jury consists of Professors G. Baumgartner (Zurich), J. J. Dreifuss 
{Genève}, J. G. Nicholls (Basie) and H. Van der Loos (Lausanne). 


. The 1986 Award will be presented at the occasion of the yearly meeting of 
the Swiss Chapter of the International Brain Research Organization to be 
held January 18, 1986, tn Fribourg, Switzerland. 

Applications should be received on or before November 15, 1985, by 
Professor H. Van der Loos, President of the Swiss Chapter of IBRO, Instit- 
ute of Anatomy, University of Lausanne, Rue du Bugnon 9, 1005 Laus- 


anne, Switzerland. 


THE ROYAL SOCIETY 


Travel and Subsistence Grants 
from the Parliamentary Grant- 
in-Aid 
Notice is hereby given that the fol- 
lowing closing dates will apply m 
respect of applications for travel and 
subsistence grants: 1 October 1985, 1 
December 1985, 1 March 1986, 1 
June 1986. Grants are awarded only 
in respect of short scientific visits 
overseas of up to 13 days (genera 
for Conference attendance), and ap- 
plications should be submitted on 
forms to be obtained from the 
Executive Secretary, (Ref BdeV), 
The Royal Society, 6 Carlton House 
Terrace, London, SW1Y SAG, (01- 
839 5561, ext. 222). Grants are only 
available to scientists of at least PhD 
status who are ordinarily resident in 
the UK and are not in the employ of 
overnmental or research council 

institutions. 


For certain major conferences 
there may be special closing dates 
and those who may wish to apply 
should inquire as far in advance as 
possible, and in requesting forms 
should indicate the meeting they 
wish to attend. 


Applications in respect of longer 
term visits overseas can be consid- 
ered under other schemes adminis- 
tered by the Society, and those wish- 
ing to apply should inquire well in 
advance of travel indicating the 
approximate duration of the visit, 
and the country to be visited. 

7549)N 
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STUDENTSHIPS 


UNIVERSITY OF READING 


DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 


Novel Grain Legumes 
for the UK 


MAFF RESEARCH 
STUDENTSHIP 


available to study the adaptation and 
potential for production of lentils 
and chickpeas as novel grain legume 
crops in the UK Candidates with at 
least an Upper Second class honours 
degree in Agriculture, Agncultural 
Botany or similar discipline should 
send a letter of application together 
with their CV and the names and 
addresses of two referees to Mr RS 
Tayler, Department of Agriculture 
and Horticulture, The University, 
PO Box 236, Reading RG6 2AT, 
from whom further particulars can 
be obtained (75 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP 


Applications are invited for a stu- 
dentship, leading to the degree of 
PhD on “Endogenous and exo- 
genous regulatory factors of protein 
degradation in normal and abnormal 
skeletal muscle”, funded by the 
Muscular Dystrophy Group of Great 
Britain and Northern Ireland. Applhi- 
cants should possess a Ist or upper 
2nd class degree in Biochemistry, 
Molecular Biology or a related sub- 
ject. 


Applications, together with the 
names of two referees, should be re- 
ceived as soon as possible by the 
Registrar, The University, PO Box 
147, Liverpool, L69 3BX. 


Quote Ref: RV/184/N (7556)F 


| GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 


SCIENTIFIC 
PUBLICATIONS GRANT 


Applications for grants from the sec- 
ond allotment of the Scientific Publi- 
cations Grant for 1985 should be 
made not later than 22 October 1985 
on forms obtainable from the Execu- 
tive Secretary (ADH), The Royal 
Society, 6 Carlton House Terrace, 
London, SW1Y 5AG. The grant is 
for the assistance of scientific publi- 
cations in the United Kingdom, par- 
ticularly, but not exclusively, those 
of scientific societies and institu- 
tions. 


Applications are receivable only 
from societies and institutions in the 
United Kingdom and individuals of 
British nationality. (7531)H 


ASSISTANTSHIPS 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


POST GRADUATE 
RESEARCH 
ASSISTANTSHIP 


Applications are invited for this 
MRC-supported seb from grad- 
uates with a good honours degree in 
Biochemistry/Molecular Burology/ 
Biological Science. 


The successful applicant will join a 
small team directed by Dr B 
Burchell investigating the gene 
structure 
and genetic deficiency of hepatic 
UDP-glucuronyltransferases The 
project will involve extensive use of 

rotein chemistry and recombinant 

NA technology, and applicants 
should have a strong interest in one 
or both of these disciplines. 


The post ıs for three years’ dura- 
tion starting October 1985 and on the 
current scale (overdue for review) 
the salary will be on the Range IB 
(£6,600-£7,520 per annum). 


Applications containing a full Cur- 
riculum Vitae and the names and 
addresses of 3 referees should be 
sent as soon as possible to the Per- 
sonnel Officer, The University, 
Dundee DD1 4HN, Scotland. Please 
quote reference EST/85/85J. 

(7572)P 


UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
PHYSIOLOGY AND 
PHARMACOLOGY 


RESEARCH 
ASSISTANTSHIP 


Applications are invited for a two 
hes Research Assistantship, funded 

y the Scottish Hospital Endow- 
ments Research Trust, to work joint- 
ly between the above departments 
on a project involving membrane 
phospholipids in airway smooth 
muscle with special reference’ to 
asthma Candidates should hold at 
least an upper second class honours 
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IMPERIAL COLLEGE OF 
SCIENCE & TECHNOLOGY 


Research in Protein Crystallization 


PART- OR FULL-TIME 
RESEARCH ASSISTANTSHIP 


A Physical Biochemist, Physico 
Chemist or Crystallographer 1s re 
quired for research into technique 
of protem crystallisation, supporte: 
by the SERC Protein Engineerin, 
Initiative. Applicants should have 
experience of the techniques of pro 
tein chemistry, insight into the physi 
cal properties of proteins, and an in 
terest in crystals. Previous expert 
ence of protein cystals would bs 
valuable 


A full-time appointment 1s avail 
able for three years in the first in 
stance, but this may be used ti 
support two part-time appoint 
ments Applications for part-time 
work (15-20 hr/week) would be wel 
come Salary according to qualifica- 
tions and experience. 


Address applications (cv and twt 
referees) and enquiries to Prof D M 
Blow, Blackett Laboratory 
Imperial College, London SW7 
2BZ (7529)P 


DURHAM UNIVERSITY 
PHYSICS DEPARTMENT ` 


Applications are invited for astron- 
omers, physicists, mathematicians 
and computer analysts for an SERC 
funded 


POSTDOCTORAL SENIOR 
RESEARCH 
ASSISTANTSHIP 


tenable for 3 years from 1 October 
1985, or as soon as possible there- 
after, for work in Observational Cos- 
mology including the analysts and 
image processing of data obtained by 
the machine measurement of astro- 
nomical photographic plates 


Research interests include the 
large scale structure of the universe 
and the formation, clustering and 
evolution of galaxies and QSOs. Ex- 
pertise in these areas, though desir- 
able, would not be necessary for any 
well qualified applicant. 


Initial salary £7,520 —— £8,920 per 
annum on Range 1A plus super- 
annuation. 


Applications (3 copies of cv), 
naming three referees should be sent 
by 16 September 1985 to the Regis- 
trar, Science Laboratories, Durham 
DHI3LE (7550)P 


degree tn either biochemistry, phar- 
macology or a related discipline, the 
successful applicant will register for 
the degree of PhD. 


Salary on Range 1B £6,600-£8,920 
per annum) USS benefit 


Applications (quote ref: R61/85) 
enclosing curriculum vitae, and the 
names and addresses of three refer- 
ees should be sent to Dr Ian W 
Rodger, Department of Physiology 
and Pharmacology, University of 
Strathclyde, Royal College, 204 
George Street, Glasgow Gi 1HW 
from whom further particulars may 
be obtained. 


Closing date for applications. 20 
September, 1985. (7586)P 
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CONFERENCES & COURSES. 


ANNOUNCING NATURE’S FIFTH 
INTERNATIONAL CON FERENCE ` 


nature UPDATE IN 





MOL 


ECULAR 
BIOLOGY 
1985 
Genes and 
Systems ÍN . 
Development. 


i 


October 7, 8, 9, 1985 
Sheraton-Palace Hotel, San Francisco 
Presented in conjunction with the University 
of California at San Francisco 


e Poster Sessions 


e CMEs will be awarded 


e Tax-Deductible 
Registration Fee 


Early Registration Fee $350 (before September 15) 
Gala conference dinner $29.50 per person. 


Conference Themes 
Day I. Systems 


| Day 2: Cells 


Day 3: Genes 


write: NATURE Publishing Company, 
65 Bleecker Street, New York. NY 10012 


(212) 477-9600 


FELLOWSHIPS 


UNIVERSITY OF 
CAMBRIDGE 


School of Clinical Medicine 


DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 


POSTDOCTORAL _ 
RESEARCH FELLOWSHIP 


Applications are invited for a 
Research Assistant to assist Dr 
Kevin J Dalton to research into “The 
Mathematical Modelling of Biologi- 
cal Rhythms” in the human fetus, 
both in normal and apnormal preg- 
nancies, 


Applicants should have a PhD or 
equivalent degree, with research ex- 
perience in time series analysis, 
mathematics, statistics, bio-medical 
computi ape physiology. This grant- 
supported post will be for two years 
in the first RENNA 


Salary according to age, qualifica- 
tions and experience. 


Application form and further in- 
formation from Dr Kevin J Dalton, 
Department of Obstetrics & Gynae- 
cology, The Rosie Maternity Hospi- 
tal, Robinson Way, Cambridge CB2 
25W. Imformal enquiries may .ce 
made to Dr Dalton (0223) 244014 
Ext 540. (7534 E 


Continued on page 24 





BIRKBECK COLLEGE 
University of.London 
A new part-time (evening) 
Advanced Course 


M.Sc, in Computer Modelling 
of Molecular and Biological 


Processes 

The Crystallography department at 
Birkbeck College is starting a new 
part-time M.Sc. course in the use of 
Computational techniques and 
Computer Graphics for the study of 
molecular structure and models of 
biochemical’ and biological pro- 
cesses. The course will be taken for 
2 evenings per week-over two 
years. It is suitable for students 
with a first degree in either a physi- 
cal or biological science. Some 
background knowledge of mathe- 
matics is required. More informa- 
tion and application forms can be 
obtained from either The Registry 
(01-637 9563) or The Secretary, 
Department of Crystallograph 

(01-580 6622, ext 284), Birkbec 

College, Malet Street, London 
WC1E7HX. (7593)C 
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FEBS COURSE 


BIOTIN LABELLING AND DETECTION 
; OF NUCLEIC ACIDS . 


Laboratoire de Génétique Moléculaire 
Institut Jacques Monod 
2, Place Jussieu 
75005 Paris, France 


PROGRAMME: A Practica! and Lecture Course detailing the pre- 
paration and use of biotin-labelled polynucleotide probes, hybri- 
dization procedures (Southern, dot, colony, plaque and in situ) 
will be carried out between December 16-20, 1985 under the 
guidance of a teaching staff including: L. Klevan (Bethesda 
Research Laboratories), R. Singer (University of Massachusetts) 
and members of the host laboratory: G. Bernardi, J Filipski, J. 

Salinas and M. Zerial. 

PARTICIPANTS: Attendance will be limited to twenty par 
ticipants. A letter of application together with a short curriculum 
vitae and a statement of interests and reasons for participating tn 
the Course should be sent to Dr G. Bernardi at the above address 
before October 31 There will be a 100$ yt fee {not ~ 
covering accommodation or boarding). (W2190)C 


SEMINARS & SYMPOSIA 7 


Announcement — Stony Brook 
Symposium 
The Department of Biochemistry and the Center for Biotechnology, State 
University of New York (SUNY)at Stony Brook, will organize the fith STONY 
BROOK SYMPOSIUM ON MOLECULAR BIOLOGY duning the penod May 19th 
to 21st, 1986 The topic of the Symposium will be 


New Perspectives on the Moleculax 
Biology of RNA 


The Symposium will consist of aout twenty-five to thirty invited speakers and poster 
presentations There will be six sessions focusing on the following areas 


1. Structure and Processing of RNA 


5. RNA in DNA Replication 
6. RNA Viruses 


Those interested in attending the Symposium, resini posters, or receiving future 
announcements should contact DrM Inouye, Department of Biochemustry, SUNY 
Stony Brook, Stony Brook, NY 11794-5214 USA. 


SUNY Stony Brooks an affirmative acuion/equal opportunity eclucator and employer AK#197- 
5 ; 
(NW211)M 


CONGRESS 


3rd International 
Congress on 
Hormones and Cancer 


Hamburg, Federal Republic of Germany . 
‘6-11 September 1987 


Main lectures, symposia, workshops,-poster sessions, free com- 
munications on biochemistry, molecular biology and genetics of 
factors regulating cell growth; standardization and quality con- 
trol of hormone and receptor assays; detection, diagnosis and 
monitoring of neoplasia with tumour markers; clinical aspects of 
endocrinology and endocrine therapy of cancer; pharmacology, 





_ pharmacokinetics, pharmacodynamics of antineoplastic drugs. 


Scientific and industrial exhibitions. Satellite symposia. Social 
programme. 
For further information contact: R 
Congress Secretariat 
Hamburg Messe.und Congress GmbH 
3rd INTERNATIONAL CONGRESS ON 
HORMONES AND CANCER - 
PO Box 30 24 80 i 
D-2000 Hamburg 36. i 
: (W2182)0. 
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FELLOWSHIPS 


POSTDOCTORAL 
FELLOWSHIPS 


inthe 


EARTH AND OCEAN SCIENCES 


The Lamont-Doherty Geological Observatory of Colum- 
bia University invites recent Ph.D. recipients or candid- 
ates for their degree in 1986 in any field of the earth and 
ocean sciences to apply for post-doctoral fellowships 
awarded for a period of one year (extendable to two years, 
in special instances) beginning in September 1986 with a 
stipend of $27,000 per annum. 


Completed adplications are to be returned by January 15, 
1986. Application forms may be obtained by writing to: 


The Director 
Lamont-Doherty Geological Observatory 
Palisades, New York 10964 


Award announcements will be made on or about Feb- 
ruary 28, 1985. 


Columbia University is 
opportunity employer. 





an affirmative-action/equal- 
(NW213)E 








POSTDOCTORAL 
FELLOWSHIP 
















available in Department of Phar- 

macology, University of Pennsy!- 
vania, to work on affinity labeling 
and active site analyses of steroid 
hormone transforming enzymes. 
Applicants should be recent Ph D. 
graduates with experience tn either 
organic chemistry or protein bio- 
chemistry. Send resumé and three 
references to: Dr. Trevor M. 
Penning, Department of Pharma- 
cology, University of Pennsylvania 
Medical School/G3, Philadelphia, 
Pa.i9104. The University of Penn- 
sylvania is an Equal Opportunity 



















POSTDOCTORAL 
FELLOWSHIP 


Available immediately for 1-2 


years. Research focussed on tar- 
geting drugs and toxins to cancer 
cells Experience in drug conjuga- 
tron/cell biology/cancer/immunol- 


ogy desirable. 


Send curriculum vitae and names 
of three referees to: Dr C.H.J. Ford, 
Oncology Research Laboratory, 
Health Sciences Centre, St John’s, 
Newfoundland A1B 1W1. 
(NW221)E 


Employer. (NW231)E 








THE LAURENCE T. RAYNER FELLOWSHIP 


IN CONNECTIVE TISSUE 
BIOCHEMISTRY 


A 3 year post-doctoral Fellowship for the investigation of the biochemical 
mechanisms of arthritis, particularly degenenerative joint disease 1s now 
available at St “incents Hospital, Sydney, Australia The Rheumatology 
and Clinical Pharmacology Departments at St Vincents Hospital have had 
acommitmentte basic and clinical research in the rheumatic diseases fora 
number of years There is an active clinical service with a number of 
rheumatologists {5} contributing and well equipped laboratories with 
HPLC and GLC A close association exists with the Department of Physi- 
ology and Pharmacology and the Biomedical Mass Spectrometry Unit at 
the University of NS W 


Productive collaborative programmes exist with the Bone and Calcium 
Research Groug at the Garvan Institute for Medical Research and the 
Centre of Immunology at St Vincents Hospital and current work includes 
synovial cell culzure, the establishment of cell lines and measurement of 
mediators of inflammation 


The applicant vould be expected to develop his or her own research 
programmes in the area of the biochemistry of connective tissue and/or 
cartilage and to interact with other research projects of the group when 
relevant The apolicant will be encouraged to attract additional support eg 
NH &MRC once established 


The salary is in accordance with NH & MRC scales for Senior Research 
Officers, currently A$26,236 to $34,467 p a Enquiries should be addressed 
to Dr. R O Dey, Department of Clinical Pharmacology, St. Vincents 
Hospital, Sydney, Australia, 2010 Written applications nominating three 
Professional Re“erees should be forwarded to the personnel manager at 
the above address before October 31,1985 (W2193)E 
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UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


RESEARCH FELLOWSHIPS 


Applications are invited for two 
Research Fellowships, each tenable 
for two years and funded by ICI and 
SERC. The work will involve study- 
ing total external reflection at inter- 
faces through the developing tech- 
aes of Total Reflection Bragg 
Diffraction (TRBD) and Reflectiv- 
ely Extended X-ray Absorption Fine 
Structure (REFLEXAFS). 


Candidates should have experi- 
ence of diffraction and scattering 
techniques, crystal structure deter- 
mination or surface science 


Salary on Range 1A (£7,520 — 
£12,150 per annum). USS benefit. 


Applications (quote Ref: R50/85) 
with full curriculum vitae and the 
names and addresses of three refer- 
ees should be sent to Professor J H 
Sherwood, Department of Pure and 
Applied | Chemistry, Thomas 
Graham Building, University of 
Strathclyde, 295 Cathedral Street, 
Glasgow G1 IXL. 


Closing date for applications: 30 
September 1985. (7543)E 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL FELLOW 


Applications are invited for a CRC 
funded post-doctoral fellowship to 
work on the analysis of gene expres- 
sion in rectal and breast carcinomas 
using in situ hybridization to mRNA 
ın tissue sections. The work on rectal 
carcinoma will be concerned with the 
cellular localization and levels of 
mRNA’s for the basement mem- 
brane proteins laminin and fibronec- 
tin. The project on breast carcinoma 
will be concerned with the cellular 
localization of transcripts for a num- 
ber of (onco)genes found to be dif- 
ferentially expressed in breast carci- 
noma. ilst ıt is desirable that 
applicants have experience in 
recombinant DNA technology, it 1s 
by no means essential as the Depart- 
ment of Biochemistry has in depth 
expertise in this area of research. 


The position ıs for 2 years and ts 
available immediately. Salaries 
within the range £7,520 to £12,150 
depending upon age and experience 


Applications, including a curric- 
ulum vitae and the names of two 
referees, should be sent to Dr D. R. 
Critchley, Department of Bio- 
chemistry, University of Leicester, 
University Road, Leicester LE1 
7RH, from whom further details are 
available (0533 551234 x 387). 

(7S90)E 
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WRc/U WIST 


John L van der Post Fellowsh 
in Biotechnology 


STABILITY of CLONED 
CATABOLIC GENES anc 
RECOMBINANT HOST 
BACTERIA in 
ACTIVATED SLUDGE 


Apphcations are invited for 
above Fellowship which is funded 
three years by the Water Resea 
Centre (WRc) to start from Janu 
1 1986. Applicants should have 
PhD, or expect to obtain one by 
starting date, in microbiolo 
genetics or a related discipline |] 
perience of recombinant DNA te 
niques would be a definite adv 
tage. The research, which will 
carried out at both UWIST and W 
Processes Laboratory in Steven: 
will be supervised primarily by D 
C Fry and Dr A J Weightman 
UWIST. Advice-will also be given 
other UWIST and WRc staff wł 
required 


The project will involve the apy 
cation of techniques of genetic mi 
ipulation to the analysis of hete 
geneous microbial populations u 
which defined genetic markers v 
be introduced. The effects 
manipulations on the stability 
cloned genes encoding enzymes 
halogenated aromatic  catabc 
pathways will be examined Surv: 
of recombinant host bacteria ino: 
lated into laboratory and larger sc 
activated sludge plants, and clor 
gene transfer in the mixed microt 
culture will be analysed by DI 
hybridization and fingerprint 
techniques. 


The Fellowship will be on the 
search and analogous staff scale ` 
and will start in the range £7,520 
£12,150 according to age Appli 
tions in the form of a letter of app 
cation, a CV and the names of t 
referees should be sent to: Dr J 
Fry, Department of Appli 
Biology, UWIST, PO Box ` 
Cardiff CF1 3XF. 


Further details can also be « 
tamed from the above address if 
quired. The closing date for applu 
tions is 13 September 1985. 

(7S76)E 


APPOINTMENTS WANTE. 
advertise your qualities and qual 
cations through the most influeni 
science weekly in the world at 
spectal reduced cost of 25p a wo 
Personal Box Numbers £2). 
Advertisements must be pre-paid a 
sent to. Nature Classified (Ap 
Wid), 4 Little Essex Street, Lona 
WC2R3LF. (890)B 


BOTANIST. Experience and put 
cations in soyabean, wheat, ma 
genetics, biochemistry and devek 
ment. U.S. citizen, mid-fifties, en 
getic, enthusiastic. Desires posit: 
in Europe, preferably Italy, w 
seed, pharmaceutical or agricultu 
products company or with edu 
tional institution Elementary knc 
ledge of Italian and German. Wo: 
travel. Write Box W2191B 

Nature, 4 Little Essex Street, Lx 
don WC2R 3LF. (W2191)E 


Typesetting Text Generation Ltd, London WC2 and J W Arrowsmith Ltd, Bnsto! Pnnting Kyngsdale Press, Reading, Berks, member of the St Ives Group, in association with Godfrey Lang 
London WCIR 4EB and The William Byrd Press Ine , Richmond. Virgima, USA Published by MACMILLAN JOURNALS LTD. 4 Little Essex Street, London WC2R 3LF—5 September 1985 
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RSITY OF SURREY 
TMENT OF BIOCHEMISTRY 
>OST-DOCTORAL 
ARCH FELLOWSHIP 


ncy exists in the Biochemistry 
irtment for a post-doctoral re- 
h fellow to work on a project 
erned with the study of the 
Hemical aspects of the metabolism 
{drugs by N-dealkylation. The pro- 
ect is funded by Pfizer Central 
ch and will include collabora- 
rk with the company. 


Applicants must have a first 
-egree in chemistry and a higher 
_egree in chemistry or biochemistry 
vith experience in synthetic chem- 
try. Experience with HPLC tech- 
_iques is essential and some know- 
edge of drug metabolism would be 
nadvantage. 


The appointment is for one year in 
ne first instance and the salary will 
„e on the Research and Analogous 
Range. LA £7,520 — £12,150 pa 
ainder review), depending on age, 
pialtfications and experience. 
superannuation under USS condi- 
sns. 


_ Applications in the form of a cur- 
ëculum vitae (3 copies) and includ- 
ag the names and addresses of two 
seferees; should be sent to the Per- 
onnel Officer (JILG), University of 
surrey,..Guildford, Surrey, GU2 
«XH by 1 October 1985 quoting ref- 
erence 428/N (7530)E 

































LONDON OFFICE 
of Little Essex Street 
‘London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 


NEW YORK OFFICE 
65 Bleecker Street 
New York, NW 10012 
Tel: (212) 477-9600 


TORONTO OFFICE 


Peter Drake & Associates 
17 Pine Crescent 
‘Toronto, Ontario M4E ILI 
‘Tel: (416) 690-2423 






ELIGIBILITY 


Lady Davis Fellows are selected on the basis of demonstrated excelle Ce 
in their studies, promise of distinction in their chosen fields of speciali 
zation and qualities of mind, intellect and character. Sten 


APPLICATION INFORMATION Son 
Graduate candidates may apply during their senior undergraduate year 
or after they have undertaken study in a graduate school. Post-doctoral o 
candidates may apply not later than 3 years after completion of their. 
doctoral dissertation. a 
The Fellowships are tenable for one academic year and may be extended 


for another year. 


The grant covers travel, tuition fees and reasonable living expenses. 


VISITING PROFESSORSHIPS 


are intended for candidates with the rank of Full or Associate Professorat 
their own institution. They are tenable from one semester to a full aca- 


demic year. 
DEADLINE 


Completed forms in all categories must reach Jerusalem not later than 
December 1, 1985. Late applications will not be considered. 

Candidates, including Israelis abroad, may obtain application forms at 
the above address. Please indicate category of Fellowship required. 







CLINICAL RESEARCH 
INSTITUTE OF MONTREAL 


MONTREAL, CANADA 


CANCER RESEARCH 
FELLOWSHIP AVAILABLE 


Fellowship available in cancer 
research (post-doctoral studies) fora 
young Italian scientist. Oncogenes, 
leukemia, tumor markers, hor- 
monal-dependent cancers, etc. 
M.D. and/or Ph.D. candidates. 


Application with CV and names of 
referees to be forwarded to: Dr 
Michael Chrétien, Scientific Direct- 
or, Clinical Research Institute of 
Montreal, 110 Pine Avenue West, 
Montreal, Canada H2W 1R7. (514) 
842-1481. (NW223)E 











IMPERIAL CANCER RESEARCH FUND 
Research Fellowships 


Three year post-doctoral positions are available from November 1985 at 


THE LADY DAVIS FELLOWSHIP TRUST 
P.O. Box 1255, Jerusalem 91904, Israel 


FELLOWSHIPS FOR 1986-87 


at the Hebrew University of Jerusalem or the 
Technion-Israel Institute of Technology, Haifa 


GRADUATE AND POST-DOCTORAL FELLOWSHIPS Ž 
















the imperial: Cancer Research Fund Clare Hall Laboratories, South Mimms, 
Potters Bar, Hertfordshire (England) to study the molecular mechanisms of 
genetic recombination in a new laboratory under the direction of Dr 
-Stephen C. West. 
=. Current projects include studies with E.coli RecA protein, the identification 
= of recombination/repair proteins from S. cereviseae and the characterisa- 
‘ion-of a cruciform-specific nuclease from yeast. Experience in microbial 
netics, recombinant DNA technology and/or protein purification is 
ry in range £9,830 to £12,115 (revision pending) depending on qualifi- 
gations and experience. 
Please send Curriculum Vitae and the names and addresses of three 
referees to Ms S. M. Hurley, Imperial Cancer Research Fund, Lincoln's inn 
` Fields, London WC2, quoting reference 115/85. — (7S74)E 















(W2181)E 


IMPERIAL CANCER RESEARCH FUND 
Research Fellowships = — 


Two post-doctoral three-year appointments are available in our Oncogene” $ 
Laboratory to work with Dr H. Land (Nature 304, 596; Science 222; 77i 
1983) on projects involving studies of oncogene interaction in biologically ae 
defined differentiating cell systems and isolation of myc-like genes from. 
tumours and normal cells, ee 

Applicants with experience in the areas of Molecular Biology and/or Cel 

Biology are preferable. “Hn 
Salary range £10,220 to £12,505, entry according to qualifications and - 
experience. Further details are available from Ms S. M. Hurley, imperial . 
Cancer Research Fund, PO Box 123, Lincoln's inn Fields, London WC2A 
3PX, telephone 01-242 0200 ext 305. Please quote reference 116/85. — 
(75736 






































ALL SOULS COLLEGE 
RESEARCH FELLOWSHIPS 


All Souls College intends to make elections to two Researc 
Fellowships in the course of the academic year 1985-6. : 
The Research Fellowships are open to men and women whos 
work lies in following fields of study: Law, History, Philosophy 
Politics, Economics, English Language and Literature, Classi 
Studies, Mathematical Sciences. The College would not norm 
elect to a Research Fellowship any person who will have reach 
the age of 40 on ist March 1986. ay 
The Research Fellowships will be tenable for a period of sev 
years in the first instance, and may be extended for a fu 
period of not more than three years. On the expiry of- 
Research Fellowship, a Research Fellow who produces evide 
of satisfactory achievement may apply to be considered for elec 
ion to a Senior Research Fellowship. | Cn 
Further particulars, including details of stipend and terms | 
appointment, and application forms, may be obtained from 
Warden's Secretary, All Souls College, Oxford. Applications, o 
the application form, must reach the Warden not later than 19t 
October, 1985. (The envelope containing the application should 
be marked “Research Fellowship”.) Applicants must ensure thi 
references, from not more than three referees, also reach th 
Warden by 19th October 1985. (7555)E. 
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e giant panda and its much smaller Chinese relation 
the lesser panda. Whether to categorize the giant pan- 
da as a single member of its own class, or to group it 
with the racoons or bears. has been a subject of con- 
froversy for over a century, Now cytological and 
molecular techniques have been used to arrive at a 
consensus phylogeny. See p. 140. 
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Understanding begins at home 


A British committee has suggested how the general understanding of science might be improved. In 
Britain, education cries out for revolution. But everywhere, science needs a more open manner. 


THE appearance of the Royal Society’s report (see p.104) on the 
public understanding of science, and the existence of the com- 
mittee that has produced it, is a mark of the general depression 
of the morale of the scientific community in Britain two years 
ago (when the committee came into being) For then it was 
generally believed that science and research would not have 
been so badly treated by a seemingly uncaring government 1f 
they were not also unfairly short-changed ın public esteem. The 
most obvious dangers were that the analysis of an important 
problem would be biased by speculations about the most effi- 
cient way of creating a more effective lobby for the research 
enterprise or by inward-looking complaints about the failure of 
newspapers and other channels of communication to do the 
same job on a voluntary basis. In the event, the Bodmer commit- 
tee has avoided these pitfalls. Instead, it has produced a valuable 
and liberal document that will help in two specific ways: by 
further strengthening the opinion that the most public ignorance 
of science (especially among members of the British government 
-and their servants) can be traced to the educational system, and 
by creating a climate in which researchers are more willing to 
talk about their work. The sad thing is that a report along these 
lines should now be necessary in a community previously out- 
standing for the vigour with which science was a part of the 
general culture. Josiah Wedgwood’s Lunar Society in the late 
- eighteenth century was only one of the informal institutions that 
kept this spirit alive for the best part of 200 years. 

What went wrong? The Bodmer committee 1s right in almost 
everything it says, but tts analysis is over-timorous and, as such, 
may also be over-flattering to the scientific community every- 
where, not just in Britain. Throughout Europe, the Enlighten- 
ment that occupied the closing decades of the eighteenth century 
. was a conspiracy between intellectuals of all kinds, for whom 
rationality and optimism were the common unifying cement. 
The period spawned revolutions (in the United States as well as 
France), public educational systems (as in what became Ger- 
many), a flood of endearing but enduring literature, the techni- 
ques of business (such as joint stock-banks) and the technology 
that became the industrial revolution. That it should have been a 
period when people without specialist knowledge (of which 
there was not much) chose to take a lively interest in the natural 
world cannot have been an accident. In retrospect it appears that 
the circumstances were right for just such a revival of general 
interest in what science is about four decades or so ago, with the 
ending of the Second World War and the recognition of how 
much research had contributed to that end. (Awful though the 
war had been, it was clear that it could have been disastrous, so 
that there were also grounds for optimism.) Yet within a decade, 
in Britain, C.P. Snow found it necessary to write his tract on the 
“two cultures”, a complaint that society had chosen to rob itself 
of profit and intellectual excitement by arranging that there 
should be two distinct, sometimes conflicting, intellectual camps. 

The Bodmer committee ıs right to single out the British school 
system as one of the causes of this state of affairs in Britain, but 
the problem goes deeper. One of the reasons why people were 
more willing to argue about intellectual matters two centuries 
ago 1s that the divisions between ordinary people and the prof- 
essional gatherers of knowledge were not then as sharp as they 
have since become. That there has since accumulated a vast bulk 


of knowledge with which most non-academic people are un- 
acquainted is a fact, but need not so often be an impenetrable 
barrier to general discussion. And the root cause of that de- 
velopment is the convention of self-certitude that has been taken 
up by academics, .both in relation to students and, more alarm- 
ingly, among each other. In one respect, the advantages are 
obvious, in the other, the benefits are that people are politely 
restrained from too open mutual competition. 

“Among academics, scientists have earned themselves the 
reputation of being the least discursive, with consequences that 
are thoroughly unwelcome. The convention that one should not 
be too enthusiastic about one’s own preoccupation ts not merely 
a device for not giving good ideas away, or for avoiding the 
embarrassment of having them shown up as false, but it is a 
restraint on mutual stimulation. The convention that one should 
also be seen to be a deal smarter than one’s students may be 
natural enough, but can hardly be necessary to the self-esteem of 
able academics and is in any case untenable, given the smartness 
of students nowadays. Yet the convention robs students of what 
should be essential stimulation. The frontiers of knowledge are 
also the boundaries of ignorance, and people whose teaching 
steers clear of the unknown provide their students with an ill- 
drawn map. Moreover, while the Bodmer committee has been 
understandably concerned ın its analysis with what the “public” 
may know about science, it is more than likely that the general 
interest in this field 1s with the other side of this coin, what 
remains unknown. 

That is one reason why the Bodmer prescription for the 
improvement of public understanding in Britain, good as it is, 
should be given an even more vigorous trial where it matters 
most, in the lecture hails and seminar rooms of the universities. 
If scientists, following Bodmer, are to tell the world why their 
own work is interesting, and to guess where it may lead, should 
they not also tell their students? If teachers are made thereby to 
seem a little more fallible, may they not also be more valuable as 
teachers, partly by stimulating those who listen to them, partly 
in providing a model of open discussion that will eventually 
communicate itself more generally? To the rejoinder that this is 
what outstanding teachers have always done, the counter- 
rejoinder is to ask how many teachers now regard the isolation 
of the intellectual nub of a topic, rather than its description, as 
the objective of an encounter with students 

So the moral, for scientists everywhere, is that public under- 
standing begins at home, in the laboratory and the lecture room. 
For most practising scientists, the growing army of people who 
profess to write about science will be an irrelevance (and even a 
continuing embarrassment, given their tendency to ask ques- 
tions that cannot be answered conveniently, or prudently). The 
benefits of more understanding between scientists and with their 
students would not necessarily be as distant as implied by the 
time taken for the same students also to be part of the general 
population. For in the past three decades, since the rot set in, 
scientists have had only moderate success in the competition 
that ultimately matters most to them — that for bright potential 
students. The arts and humanities have consistently done better 
than their practical value would suggest, no doubt because 
students enjoy such studies and are stimulated by them. Is that 
not a cause worth winning? - CJ 


AA PINION 


Equipment up for grabs 


US universities share others’ troubles over equip- 


ment, but have more options to play with. 

Tue US research universities have been complaining with in- 
creasing conviction, over the past few years, about the need for 
modern equipment. Last week, the Committee on Science and 
Technology of the House of Representatives, apparently sym- 
pathetic to the complaints, was presented with the result of a 
three-year study of the problem by a task force of the Associa- 
tion of American Universities (AAU) under Richard A Zdanis, 
vice-provost of Johns Hopkins University. The Zdanis commit- 
tee’s case 1s necessarily somewhat general, based more on trends 
discernible in federal budgets and the like than on the more 
compelling anecdotal evidence showing how particular research 
programmes of acknowledged worth are being hampered. To 
make up for this, the report 1s filled with a string of eminently 
sensible suggestions. 

Before too many tears are shed, it should be recognized that 
what has happened in the United States is not very different 
from what has happened elsewhere, in Western Europe in par- 
ticular. (Japan is a different case). Although the US govern- 
ment’s spending on basic research continues to grow, the pace of 
growth ts smaller now than in the happy 1960s, with the result 
that prudent administrators, in the universities and at the grant- 
making agencies, prefer to spend money on people rather than 
on research equipment. But during the same period, the design 
of standard equipment has been improved, making equipment 
more productive of material or data (which is its purpose, after 
all) but also more costly. Similarly, entirely novel kinds of 
research equipment have made their appearance, making possi- 
ble tasks that could not previously have been tackled in universi- 
ty laboratories. The number of places now equipped with analy- 
tical equipment controlled by microprocessors, and even with 
the machines for making semiconductor chips for microp- 
rocessors, 1s a sufficient proof of that That is the essence of the 
problem described last week. What can be done about it? 

Mercifully, for US universities, the importance of the prob- 
lem seems already to have been seized by the agencies. While 
the provision of research equipment through the regular 
research-grant mechanisms has by no means shrunk to nothing, 
the National Science Foundation, the Department of Defense 
(DoD) and the Department of Energy between them have re- 
cently committed very substantial sums to make good what 
seems to be a growing shortage. The AAU study itself is a 
manifestation of this awareness (and has indeed been supported 
by a grant from the National Science Foundation). Inevitably, 
the committee pleads for more of the same, together with the 
removal of some of the present impediments to easy dealing 
between the agencies and the universities — the requirement 
(under DoD grants and contracts) that there should be a search 
in the Pentagon’s storehouse of discarded equipment before an 
equivalent piece of hardware can be provided at government 
cost ıs a worthy casualty. What the AAU committee seems not 
to have appreciated is the danger that the present alarm about 
the deficiencies of equipment will become institutionalized, and 
separate from other kinds of research support, with the consequ- 
ence that there will be the eyes of two needles through which 
each research project must pass There is also among the com- 
mittee’s proposals a trusting faith in the innocence of the Office 
of Management and Budget, which will presumably have an 
opinion on the suggestion that universities that have acquired 
equipment out of their own funds or otherwise should be 
allowed to charge annual depreciation against research grants 
when these materialize. 

This is the bread and butter of the AAU report, to which it 
must be hoped that the Congress will respond. The frosting on 
the cake, the required reading for provosts from now on, is the 
section on self-help. Inevitably, universities are enjoined to be 
self-conscious about the uncovenanted costs of expensive equip- 
ment (such as start-up and maintenance), not to mention the 
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need to keep advanced equipment performing efficiently by 
means of a sufficient force of technical help It is no surprise that 
individual universities have been deterred from entering costly 
fields of research, which may not be bad as ıt seems. Does the 
interest of the United States require that each of more than fifty 
research universities should be able to make a start on molecular 
beam epitaxy at a cost of $1 million each? (And who was the 
chemistry professor whose installation at an eastern seaboard 
university cost $2 million, expensive even now?) More down to 
earth, the committee had some useful suggestions as to how 
people may be able to buy expensive equipment by running two 
consecutive grants together, or even by leasing equipment. 

More adventurous university administrators will be even 
more enthused by the recommendations in the AAU report that 
universities should more deliberately explore the use of debt 
financing for the purchase of equipment. (The committee re- 
sponsible notes with some surprise that it knows of no university 
computer centre financed by such means.) Here the trick is to 
use the status of universities as tax-exempt institutions to raise 
money at low rates of interest, recovering the cost of grants not 
yet awarded; the AAU committee is right to commend such 
schemes while warning of the risks (chiefly, that expected grants 
do not materialize). But it may matter more than the committee 
allows that researchers do not like this way of acquiring equip- 
ment. For the short term, there is probably more to be said for 
making sure that university administrators understand the tax 
benefits of equipment grants and gifts by private donors. (AAU 
provides worked examples.) And in the language of resource 
economics, it is‘sad that there are still so few institutions that 
have followed the University of Iowa in setting up (and keeping 
going) internal arrangements for sharing not merely equipment 
but the problems that go with its ownership. 


Protection from whom? 


Somebody should take a serious look at space 


launching costs. ` 


THe US government has returned from the summer holidays in a 
sombre frame of mind on external trade policy. The Congress 
has been conscious for several months of the pressure from its 
constituents to keep foreign imports out of the United States. 
Now the administration is making conciliatory noises, offering 
still vague external negotiations with exporters to the United 
States. President Reagan’s calculation is no doubt that it would 
be better to make small concessions now than to veto whatever 
comes up from Congress only to find the veto overridden. What 
everybody overlooks is the certainty that general protection 
beneath the shadow of the US federal deficit will have disastrous 
consequences for world trade. 

But is it not unfair that people in the United States should be 
out of work (although the numbers are dramatically reduced this 
month) because people elsewhere will work for lower wages, or 
because their governments subsidize the products that they 
make? Before the Congress takes this argument too seriously, it 
should listen carefully to what the head of Arianespace was 
saying last week about the effects of US export subsidies on the 
space launcher business. The issue has been well rehearsed in 
the report from the Office of Technology Assessment on space 
competition, published earlier this year. The present basis for 
charging for the use of the US shuttle is that even if the cargo bay 
were unfilled, the shuttle would still fly. The present cost ofa full 
bay is $80 million, but it is intended that the cost should nse by 
1988 to an amount estimated at $125 million (in 1984 money). 
M. d’Allest’s complaint is that the shuttle’s present costs are less 
than they should be, although he 1s also open to the complaint 
that Arianespace can offer customers more attractive financing 
terms than NASA is allowed to offer. At best, the kettle 1s 
abusing the pot. At worst, the US shuttle is being as heavily 
subsidized in its competition with the European rocket as are the 
whole of the products of the textile industries now threatened 
from the United States. o 
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Japanese industry 


NEWS 


Rival ministries collaborate 
on new research centres 


Tokyo 

From the end of this month, Japanese 
industry will be able to turn to a new Cen- 
tre for Enhancing Research ın Fun- 
damental Technologies for help in car- 
rying out basic research. Surprisingly, the 
new centre 1s to be run jointly by two 
ministries noted for their rivalry: the 
Ministry of International Trade and In- 
dustry (MITI) and the Ministry of Posts 
and Telecommunications (MPT). 

Orginally, the idea of a centre for basic 
research was dreamt up by MITI and fi- 
nance requested in the 1985 budget. But at 
almost the same time, MPT began to de- 
mand that some of the money from the 
privatization of the state telecommunica- 
tions monopoly, Nippon Telegraph and 
Telephone, which had been controlled by 
the ministry, should be used to finance a 
whole series of new telecommunication 
research centres. Although the initial de- 
mands of MPT were clearly excessive and 
seemed mainly inspired by a desire to 
dominate telecommunications research 
the government decided that MPT should 
at least share a new centre for research 
with MITI. 

That decision came as something as a 
surprise, for MITI and MPT have been 
wrestling for some time to try to gain min- 
isterial responsibility for data networks. 
MITI claims that as networks are just 
“linked computers”, they fall into its tradi- 
tional sphere of responsibility for compu- 
ters; MPT, on the other hand, sees data 
links as being not much different from 
telephone lines and thus clearly its respon- 
sibility. 

Interministerial struggles of this kind 
are quite common in Japan and make 
something of a nonsense of the Western 
image of a unified “Japan Inc.”. Whatever 
their differences, anyway, in this case the 
two ministries now share responsibility for 
the new centre. It is not actually a research 
facility but an administrative body ın- 
tended to help private industry to carry 
out basic research. 

First, the centre will ensure that access 
to government research facilities is given 
to private industry at low cost. The idea is 
that the centre will act as a go-between so 
that better cooperation can be achieved 
between government, industry and the 
universities; lack of effective cooperation 
has long been one of Japan’s weak points, 
despite Western myths to the contrary. 
The 16 research laboratories of MPT and 
MITI, including such giants as the Elec- 
trotechnical Laboratory, are particularly 
likely to be involved in such schemes. 

Second, the centre will make direct low- 
interest loans to companies launching 


joint fundamental research projects. In 
the event that the research does not suc- 
ceed, the interest on the loan will not have 
to be repaid at all 

Where the research cannot be expected 
to produce any benefits in the near future, 
financial help will be given to set up new 
joint companies. 

Third, the centre will take over the 
administration of the “Japan trust”. This 
is a new charitable foundation set up to 
provide funds for foreigners to come and 
do research in Japan. Its capital has been 
provided by large industrial companies 


_tolarge companies. 
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and it was founded partly to avert criticism 
that Japan sends many researchers to 
learn advanced techniques in the United 
States but offers very few opportunities to 
foreigners in return Researchers to be 
invited under the scheme will be selected 
by the centre and responsibility taken for 
negotiation over rights to patents stem- 
ming from such international research. 
Industry’s recent spending spree on new 
basic research laboratories (see Nature 
311, 404; 1984) shows that enthusiasm for 
basic research exists The Y4,000 million 
(US$17 million) available to the centre for 
this year’s costs should certainly help to 
make the centre’s services popular. But 
the traffic ıs not all one way; increased 
links with industry will also help to ease 
government research institutes’ worries 
that they could be left behind by the in- 
creasingly vigorous laboratories attached 
Alun Anderson 





Eureka 


West Germany commits itself 


Bonn expects to have “no problem in 
financing” the French-inspired Eureka 
project for European collaboration in the 
development and production of new high 
technology products, a West German re- 
search ministry spokesman said on Mon- 
day. The provision of DM 100 million (£25 
million) by the research ministry next year 
is “definite”, and the money will be spent 
on feasibility studies and project planning, 
while another DM 1,000 million (£250 mil- 
lion) in grants to industrial participants in 
Eureka over the next five years is “almost 
decided”. 

These developments have been greeted 
with delight by the French government, 
which so far has been alone in making a 
clear financial allocation to Eureka. 
Before the summer, President Francois 
Mitterrand said France would commit 
FF 1,000 million (£ 90 million) to Eureka 
projects in 1986. Britain, by contrast, has 
hinted that no new government money 
will be found for the scheme, and has 
spearheaded attempts to raise interest 
among European banks and financial in- 
stitutions. 

But Bonn’s interest is not free from 
strings. The West German ministry says 
that industry should provide the “bulk” of 
the funds (on top of the government’s 
DM 1,100 million) that may be needed to 
develop products based on the Eureka 
technology, from robot tractors to super- 
computers. And that “bulk” may be very 
large. 

The inspiration for Eureka was the 
potential industrial spin-off from the Un- 
ited States Strategic Defense Initiative 
(SDI), on which $ 26,000 million (£20,000 
million) is expected to be spent over the 
first five years, and Europe seems bound 
to make a comparable investment if there 
is to be a comparable effect. The publicly 
announced European commitments to 


Eureka, however, amount to hardly 2 per 
cent of this sum. 

Nevertheless, the West German com- 
mitment is symbolic and crucial, both for 
the “special relationship” between France 
and Germany and for Eureka. Rela- 
tionships have been eroding badly in 
recent months, notably ın Chancellor Hel- 
mut Kohl’s commitment to SDI and Presi- 
dent Mitterrand’s rejection of it. But, 
meanwhile, German negotiators in 
Washington are said to have become 
somewhat disenchanted with the US posi- 
tion, and, in particular, concerned that 
technology developed under the SDI 
umbrella with European help might be 
held under such strict export controls by 
the United States that its application in 
ordinary commerce might prove imposs- 
ible. Hence the German position is felt to 
be shifting from an initial enthusiasm for 
SDI towards greater interest in the 
commercially-oriented Eureka. 

On Eureka, apart from financial ques- 
tions, they say in Bonn that “we still need 
to know what the Eureka project will be”, 
and there is detectable concern that de- 
spite the continuing work of a 15-nation 
(plus the European Commission) expert 
group, there is no certain agreement on 
exactly what Eureka will do. 

In France, there has been interest in 
supercomputers, in the use of lasers for 
surface treatments, the applications of a 
small intense electron synchrotron (also of 
interest to Italy, which seeks to place such 
a device in Trieste, as compensation for 
losing the European Synchrotron Radia- 
tion Facility to Grenoble), robotics and 
genetic engineering of drugs; Germany is 
also intérested in environmental technolo- 
gies. And with such a wide vanety of 
issues available, it is still an open question 
whether anything concrete can be de- 
cided. Robert Walgate 
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AIDS 


NEWS 


Poland’s minister for prophylaxis 


THE Polish Ministry of Health and Social 
Welfare, has appointed a special “pleni- 
potentiary” for AIDS (acquired immune 
deficiency syndrome), it was announced 
last week Professor Jerzy Bonczak, who 
is already a deputy minister, will be in 
charge of a programme of epidemiological 
examination among those considered to 
be particularly at risk: homosexuals, bi- 
sexuals, drug addicts and haemophiliacs. 
This will be followed by a nationwide 
screening of blood donors Clinicians are 
being trained, and a contingency treat- 
ment centre prepared. A special grant of 
hard currency has been made to the Minis- 
try of Health and Social Welfare to enable 
rapid diagnostic kits to be purchased from 
the West. 

The threat of AIDS has been a matter of 
public alarm in Poland for the past two 
years. The run-down of the pharmaceutic- 
al and medical supply industries under the 
Gierek regime meant that, by 1980, even 
such basic equipment as catheters and 
hypodermics were virtually unobtainable 
Lech Walesa’s “Medical Rescue Bank”, 
which arranged supplies from Western 
charitable organizations, has luckily sur- 
vived the overthrow of Solidarity under 
the patronage of the Roman Catholic 
Church, but throughout 1982 and 1983, 
“disposables” were in such short supply 
that hospitals had no option but to sterilize 
and reuse such ttems over and over again 
Although supply has improved, according 
to one Warsaw doctor, some reuse of dis- 
posables ıs still necessary. 

Drug addiction, moreover, is a growing 
problem in Poland. Poppies are a cash 
crop (the seeds are used for cooking), and 
the illegal manufacture of opium deriva- 
tives from the straw has been gomg on for 
decades. But until 1980, the government 
refused to acknowledge the problem, and 
consequently took no counter-measures. 
Now, there are estimated to be at least 
200,000 addicts, two-thirds of whom are 
under 21 

So far, according to Jan Suchowiak, 
director of the Department of Public 
Health of the Ministry of Health and So- 
cial Welfare, Poland has had no “clinically 
diagnosed” cases of AIDS, although there 
have been “a few suspect cases”, ın which 
the “probability of AIDS” was later “ex- 
cluded”. 

In general, details on AIDS within the 
socialist bloc are hard to come by, partly 
because of the tendency in the press to 
play down information liable to cause 
alarm and despondency but also, un- 
doubtedly, due to the initial identification 
of AIDS as a disease of homosexuals. In 
the Soviet Union, where active homosex- 
uality is a legal offence for which compul- 
sory psychiatric treatment may be ordered 
by the courts, AIDS was at first described 
as a “disease of capitalism”, thus simul- 


taneously castigating the West and reas- 
suring the Soviet public. The same 
approach was abandoned in Czechoslo- 
vakia, when two suspected cases of AIDS 
(a visitor from Africa and one of his con- 
tacts) were reported in Prague. 

So far, only Poland has announced 
plans for dealing with a possible outbreak 
of AIDS, but there is growing concern 
with what may be styled “AIDS-related” 
issues in other socialist countries. Thus at 
the end of June, Budapest radio reported 
a “violent debate”, at a session of the Cen- 


Halley’s comet 
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tral Leadership of the Union of Medical 
and Health Workers, over the lack of 
proper sterilization facilities in hospitals 
and dental surgeries. Also ın June, an un- 
usually sympathetic “academic meeting” 
was held in Leipzig on the “psycho-social 
problems of homosexuality”, with par- 
ticular emphasis on counselling At least 
one country, however, is still prepared to 
tackle the AIDS problem by a straight 
denial; two weeks ago, the Yugoslav 
Federal Secretariat for Information held a 
special press conference to dispel public 
concern by announcing that, despite 
rumours to the contrary, not a single case 
of AIDS had been “registered” in Yugos- 
lavia. Vera Rich 


Per astra ad pecuniam 


Tokyo 
AFTER the successful launch of a probe to 
Halley’s comet last month by Japan’s In- 
stitute of Space and Astronautical Science 
(ISAS) (see Nature 316, 669; 1985), pre- 
parations are ın hand for the arrival of the 
comet later this year. And, if all goes 
according to the plans of Japan’s Halley’s 
Comet Society, the comet’s nearest 
approach in March/April next year will 
culminate in a blackout of Tokyo and an 
invasion of Australia by three jumbo jet- 
loads of Japanese. 

In a country where short-term fads can 
make millions and where getting drunk 
while gazing at the Moon is a time- 


SALES 





honoured tradition, Japan’s advertising 
giant Dentsu was quick to realize the 
potential of the return of Halley’s comet 
It was at Dentsu’s suggestion that the 
Japan Halley’s Comet Society was found- 
ed in March last year. Headed by promin- 
ent academics, including Sadao 
Murayama of the National Science 
Museum, Shinya Obi, emeritus professor 
of Tokyo University and Tatsuzo 
Obayashi, professor of ISAS, the society 
has the lofty aim of “increasing the 
Japanese people’s awareness of natural 
sciences and astronomy”, according to 
spokesman Noriaki Funada. The society 
boasts a membership of over 6,000, rang- 
ing in age from three to ninety. 

The society publishes a brochure on 
Halley’s comet four times a year, is hold- 
ing meetings at planetariums in cities all 
over Japan and is organizing observing 
meetings ın various parts of the country 


between autumn and spring next year. But 
the society’s two big events are a plan to 
turn the lights out in Tokyo during the 
early hours of 21 March and a trip to Au- 
stralia in April next year. 

The “blackout campaign” follows a 
similar attempt to dim the lights of Japan 
thirteen years ago, when the Giacobini- 
Zinner meteorite shower was expected. 
That campaign was only a partial success 
-—~ although big companies like Matsushita 
Electric were persuaded to switch out 
their lights, the meteorites failed to turn 
up. A similar problem may bedevil next 
year’s blackout; on 21 March Halley’s 
comet will be low in the sky, skirting 
Tokyo’s skyscrapers at 15° elevation and 
will have a magnitude of only 4.4, barely 
visible to the naked eye Society officials 
are undaunted, however, and consider the 
campaign will be a success if it gets the 
Japanese public to look heavenward. 

For a chance to see Halley’s comet high 
in the sky, the society 1s chartering three 
jumbo jets from Japan Aur Lines (JAL) to 
go to Bathurst, New South Wales, the fol- 
lowing month. About half the seats have 
already been filled since places went on 
sale last month, despite the Y378,000 
(£1,150) price. Akira Fuju, a prominent 
amateur astronomer, is making a 51-cm 
reflecting telescope for the society and 
Japan’s TBS television station plans to 
broadcast pictures taken through it live 
from Bathurst via a satellite link-up. 

Following the recent unbridled success 
of an advertising campaign associated 
with the import of koalas to Japan, in 
which the cute cuddly bears were used to 
sell everything from key holders to piggy 
banks, the sponsors of the Japan Halley’s 
Comet Society, including JAL, Kanebo, 
Minolta and Fuji Film, will no doubt take 
full advantage of the publicity associated 
with the arrival of Halley’s comet. In fact, 
Kanbo ıs already using the society’s 
comet-like logo to sell cosmetics, while 
telescope manufacturers report a doubl- 
ing in telescope sales this year 

David Swinbanks 
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US science education 


NEWS 


Illinois plans elite high school 


Chicago 

THE state of Illinois, as part of its recently 
approved Education Reform Bill, has set 
aside $500,000 to plan a special school for 
gifted children from 10th to 12th grade (16 
to 18 years). This Science Academy is 
largely the idea of Leon Lederman, direc- 
tor of the Fermi National Accelerator 
Laboratory, and it will be located near 
Fermilab, west of Chicago, but will take in 
about 800 residential students from the 
whole state. Apart from the benefits for 
those who may attend the school, Leder- 
man sees the academy as a morale booster 
for the whole public school system in the 
United States. 

This development comes after a period 
when the quality of public education, 
especially in mathematics and the scien- 
ces, has become almost a political issue. 
Research institutes and graduate schools 
are seeing increasing numbers of foreign 
students, while US students are turning 
towards potentially more lucrative careers 
in law and business. The causes of this 
general disenchantment with science are 
no doubt complicated, but much of the 
blame is being put on meagre and unexcit- 
ing school science curricula, taught by 
underqualified staff. Although President 
Ronald Reagan and others have from time 
to time bemoaned the poor state of US 
high schools, extra funds to remedy the 
problems have not appeared, on the famil- 
lar pattern that the quality of education 
can be improved by exhorting teachers to 
greater effort, without troubling to pay 
them better or buy them more equipment. 

The new academy will be designed and 
overseen by trustees appointed by Illinois, 
but a study group of teachers and resear- 
chers from the Chicago area has already 
produced a model curriculum. The aim is 
to offer a complete education in arts as 
well as sciences, both through coursework 
and with students working individually 
under the supervision of teachers, or visi- 
tors from local universities and high-tech 
companies. Lederman hopes the academy 
will allow gifted children to study and 
learn in the company of their peers. In 
Illinois, with many small rural schools, 
isolation and its consequent frustration 
can be the biggest hindrance to the de- 
velopment of exceptional pupils. 

Although the study group first 
embarked on the idea of separate institu- 
tions for the sciences, the arts, the social 
sciences and so on, the advocates of these 
schools all arrived at simular curricula 
embodying plans for a comprehensive 
liberal-arts education. The upshot is that 
_the Illinois academy should, in the long 
term, cater for the needs of all gifted chil- 
dren, in all subjects. 

One of the Illinois study group is Mr F. 
Borden Mace, principal of the North 
Carolina School of Science and Mathema- 


- the state. 


tics, an advanced, two-year (11th and 12th 
grades) high school which has been run- 
ning for five years Mace’s experience, in 
both shaping and running the North Caro- 
lina School, seems powerfully to have in- 
fluenced the Illinois proposal. The 
academy will go beyond its precursor in 
providing an accelerated education 
equivalent to a first year in college, enabl- 
ing the very best students to join second 
year university courses directly. 

Another of the, Illinois academy’s 
antecedents, and the origin of much of 
Lederman’s interest in science education, 
is an informal programme called Saturday 
morning physics, which brings local high- 
school students to Fermilab: for lectures 
and demonstrations by staff scientists. 
Lederman says he has found in these stu- 
dents an enthusiasm for science which is 
stifled by lack of interest and excitement 
at their schools. He blames this condition 
mostly on the school administrators who, 
since the revitalization of the education 
system after the shock of Sputnik in 1967, 
have since lapsed into complacency. 

Concern over the perceived superiority 
of Japan in the application of research in 
industrial needs has now led politicians to 
worry again about the erosion of US scien- 
ce and technology; many see the re- 
establishment of a sound science educa- 
tion as a first step in the cure. 

Even so, the plan for the Illinois 
academy has not been trouble-free. Some 
Illinois politicians do not wish to spend 
scarce education dollars on a small frac- 
tion of the school population; the study 
group estimates, however, that the annual 
cost will amount to about $6 million out of 
a state education budget of $2,000 million, 
or a running cost per student only three or 
four times the state average. 

Local industries, especially some of the 
high-tech companies newly arrived in the 
Chicago suburbs, will also contribute 
funds in the expectation of better access to 
local universities and to the students 
themselves. 

A second objection to the plans was the 
accusation of elitism. To Lederman, the 
word is not necessarily pejorative. He says 
that while the academy will be of obvious 
benefit to a small number of students, 
there will be a “trickle-down” effect that 
will improve the quality of education 
throughout Illinois. 
` Exceptional children will have teaching 
equal to their needs, and schools across 
the state will, he hopes, take the same 
pride in sending their best pupils to the 
academy as they would in sending them to 
an Ivy League college. 

Teachers too will be able to take sum- 
mer courses to increase their knowledge 
and teaching abilities, so spreading the 
advantages of the academy throughout 
David Lindley 


Japanese blood 
Supply edges 
nearer demand 


Tokyo ' 

For the past ten years, Japan’s insatiable 
demand for imported blood has been 
under criticism from the World Health 
Organization (WHQ). Now it looks as 
though things will change, with plans 
announced this week to bleed Japan’s own 
citizens a little more heavily. 

Japan has been criticized because it has 
been estimated that the country buys up 
between 25 and 32 per cent of the world 
supply of blood plasma, pushing up prices 
and making it difficult for less developed 


‘countries, many of which face difficulties 


in organizing blood donation campaigns, 
to buy plasma. WHO has several times 
asked Japan to try to become self- 
sufficient in blood supplies. This has been 
achieved for whole blood but not for plas- 
ma or blood products. 

The problem ıs not that Japan is short of 
blood donors; in fact it has more donors 
per head of population than anywhere 
else. But only 200 ml of blood is taken at 
each donation, a little less than half that 
routinely taken in the United States and 
Europe. This week, however, the Minis- 
try of Health and Welfare announced that 
from next spring, 400 ml of blood will be 
taken from each donor. At the same time, 
the age limit for donors is to be raised from 
16 to 18 and the minimum body weight to 
50 kg (110 Ib, 7 stone 12 1b). Increasing use 
will also be made of techniques to take 
only blood plasma and platelets from the 
donor while returning red blood cells. 
With the new scheme, dependence on 
foreign blood plasma should fall to 50 per 
cent from the present 85 per cent within a 
few years. 

Measures of this kind have been under 
discussion for some time but it seems that 
cases of AIDS (acquired immune de- 
ficiency syndrome) among haemophiliacs, 
including the death of two Japanese 
haemophiliacs from AIDS, have spurred 
action. At present almost all the imported 
plasma comes from the United States. 

This week, the Yomiuri newspaper re- 
vealed that a large shipment of factor IX, 
used in the treatment of haemophilia B, 
had come from a US company that 
discovered that one of its donors had de- 
-veloped AIDS. By the time this informa- 
tion reached Japan, however, the ship- 
ment had been used up at hospitals. 

Critics of the plan, while welcoming in- 
creasing self-sufficiency in plasma sup- 
plies, point out that insufficient efforts are 
being made. to reduce demand. Use of 
plasma and blood products is unusually 
high in Japan. But that is part of a much 
wider problem of the private medical sys- 
tem: doctors can earn more if they pre- 
scribe more — and more expensive — 
drugs. Alun Anderson 
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US tax reform 


NEWS 


Colleges alarmed by new plans 


Washington 

US unrversi7ies are still up in arms about 
President Reagan’s proposal to overhaul 
the tax system, even though the features 
of the original plan that caused most ap- 
prehension have been toned down. While 
the President ıs taking every opportunity 
to rally support for his proposal, the 
American Council on Education (ACE), 
an organization representing a wide spect- 


rum of higher education institutions, has 


Remember, Folks — 
charity begins at home | 





pulled out ell the stops for its lobbying 
effort to oppose the plan in its present 
form. 

The plan seeks to rationalize and simplify 
the US domestic tax system so as to avoid 
some of its more flagrant injustices while 
not changing significantly the total 
amount of revenue raised. One of its im- 
portant elements would severely restrict 
the deductions against gross:income that 
can be claimed for charitable donations, 
which at present allow taxpayers to decide 
whether to make payments to the Inland 
Revenue Service or to charities of their 
choice — a system open to abuse 

The effect of the change, according to 
ACE, will be to increase substantially the 
cost of giving to legitimate public-service 
institutions such as colleges and universi- 
ties, and the council fears a precipitous 
drop in charitable donations as a result. 
ACE quotes a study by Lawrence Lindsey 
of Harvard University which concludes 
that the tax plan would reduce donations 
to non-profit organizations by $11,000 
million, or 17 per cent. Private universities 
alone receive $3,000 million a year in char- 
itable contributions. 

Under an earlier version of the tax- 
reform plan, charitable contributions 
would have been deductible only if they 
exceeded 2 per cent of a taxpayer’s gross 
income, and donations of non-cash items 
such as real estate and works of art would 
no longer have been deductible at their 
full market value. The outcry over these 
provisions led the President to abandon 


them, but ACE claims that the substitute 
proposals are not much better. “What 
they’ve given with one hand they’ve taken 
away with the other”, says one ACE 
analyst. 

ACE’s principal worry now concerns a 
special tax provision called “minimum 
tax”, to be used exclusively for wealthy 
people who have their tax affairs so well 
arranged that, without the minimum tax 
provision, they would pay no tax at all 
Under existing tax arrangements, chari- 
table donations are not counted in with 
the other deductions in calculating mini- 
mum tax, but the President’s intention 
now 1s that they should be, increasing the 
cost of giving by the wealthy. ACE, quot- 
ing Lindsey again, says that 65 per cent of 
all donations of appreciated property 
come from taxpayers with an adjusted 
gross income of more than $100,000 who 
use the minimum tax provision. The effect 
of the proposed change would be 
“devastating”, he says. 

ACE’s concern about charitable dona- 
tions is not confined to wealthy givers. A 
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different provision in the plan that would 
primarily affect lower-income taxpayers 
would also redúce contributions to non- 
profit organizations — by $6,700 milhon, 
according to ACE’s estimate. And other 
aspects of the reform proposal that would 
affect higher education have nothing to do 
with charity; they include a proposal that 
might lower state tax revenues, a proposal 
to tax scholarships as personal income and 
a restriction on the use of tax-exempt bonds 
issued by state and local governments that 
would severely restrict their use by institu- 

tions of higher education 
The future of the plan 1s hard to predict. 
Despite President Reagan’s apparently 
firm commitment to reform, there is a 
marked lack of enthusiasm in Congress 
and indeed ın the country generally, espe- 
cially among those who might benefit 
most from the existing array of tax loop- 
holes to suit every pocket. Speedy pro- 
gress on tax reform would certainly be a 
feather in the cap for Congressman Dan 
Rostenkowski, chairman of the commit- 
tee in the House of Representatives that 
will draft the legislation. But other de- 
mands on Congress’s time, mean that the 
proposal is not going to get an easy ride 
Tim Beardsley 





US Arctic 


Strategy and science mix 


Washington 


THe National Research Coua is urging 
a major expansion of US Arctic research. 
In a report* published last week, the coun- 
cil identifies twelve “issues of national 
concern” in the Arctic, and lists the most 
urgent research needs. A new dedicated 
polar research ship and a permanent logis- 
tics base near the Arctic coast are thought 
to be the minimum requirements 

The Arctic Research and Policy Act, 
signed by President Reagan in July 1984, 
called for a comprehensive 5-year re- 
search plan for the Arctic. The present 
study, under the chairmanship of Charles 
Bentley of the University of Wisconsin, 
was undertaken at the request of the com- 
mittee preparing the research plan. Un- 
like many reports from the National Re- 
search Council, this explicitly relates sci- 
entific reséarch to US needs in, for exam- 
ple, defence, weather forecasting, energy 
and materials, transport and communica- 
tions. 

Bentley’s committee did not attempt to 
decide priorities between scientific re- 
search areas, though within each of the 
twelve considered, it gave rankings by im- 
portance. Thus, in near-Earth space phy- 
sıcs, it attaches most importance to ım- 
provements in predictions of auroral, 
ionospheric and magnetic perturbations, 
which can affect communications. In 
atmospheric sciences, oceanography and 
biology, the committee attaches most 1m- 
portance to the value of the relatively un- 
disturbed Arctic environment for measur- 


ing and monitoring long-term changes, for 
example in atmospheric trace gases and 
ocean currents. Much basic ecology also 
remains to be described. i 

“The report says the United States 
should concentrate its efforts in Alaska, 
giving suitable regard to the wishes of loc- 
al inhabitants, but also stresses the need 
for international cooperation in Arctic 
studies. The present “fragmentary” 
domestic organization of Arctic research 
needs to be improved, with “big science” 
projects sharing logistical support. More 
satellite ground stations should be built, to 
receive data from both US and foreign 
satellites, and data should be published in 
the open refereed literature. 

High priority should also be given to 
geological maps and surveying for oil and 
minerals, according to the report. As a 
practical enginéering matter, there is an 
urgent need for better understanding of 
the formation and distribution of perma- 
frost, with an‘ observation network to 
monitor changes. And there should be an 
integrated research programme on sea- 
ice, concentrating in particular on en- 
gineering to withstand ice forces and the 
use of snow and ice as engineering ma- 
terials. But this will require, according to 
the committee, better educational oppor- 
tunities and incentives to encourage 
careers in Arctic science and engineering. 

; Tim Beardsley 





* Nattonal Issues and Research Priorities in the Arctic 
Polar Research Board, National Research Council, 
1985 
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Nuclear business 


NEWS 


British fuel company trims sails 


BritisH Nuclear Fuels Ltd (BNFL) plan- 
ly expects a continuing public relations 
battle over the operation of its reproces- 
sing plant at Sellafield in Cumbria, so 
much is clear from BNFL’s annual report 
published last week. Sellafield has been 
the centre of the debate over the com- 
pany’s safe use of nuclear technology since 
an “unscheduled discharge” of radioactive 
waste into the Insh Sea resulted in a 
£10,000 court fine ın July 1984. More re- 
cently, a motion before the European Par- 
liament has called for the temporary clo- 
sure of the plant. 

Expansion modulated by concern for 
safety is BNFL’s new image of itself. Its 
export earnings, for example, have ın- 
creased by more than 40 per cent, from 
£91 million in 1984 to £128 million ın 1985. 
This business, resulting principally from 
uranium enrichment, has helped to raise 
turnover from £460 million to £545 mil- 
lion The company also points to the mil- 
lion pounds a day it expects to spend on 
new developments over the next 10 years, 
mostly financed by internally generated 
funds and advances from customers. 

The centrepiece of this expansion is the 
£1,300 million thermal oxide reprocessing 
plant (THORP) at Sellafield. The plant, 
which 1s planned to be onstream by 1990, 
is already booked to capacity for the first 
ten years of operation, with Japan an im- 
portant customer. At least until the end of 
the century, according to BNFL, a fleet of 
ships will be needed just for transporting 
these wastes from Japan. BNFL officials 
emphasize that its contracts usually in- 
clude options to return treated wastes, 
and the company is “effectively under in- 
struction” to exercise these options in the 
mid-1990s. 

BNFL’s bottom line, however, shows 
the effects of the Windscale court case. 
Though operating profits also increased, 
to £138 million, pre-tax profit for the year 
1985 was only £68 million, compared to 
£71 milhon in 1984. The company ascribes 
this stasis to production setbacks in nuc- 
lear fuel reprocessing and to the commit- 
ment of funds to the reduction of radioac- 
tive discharges from Sellafield. BNFL 
claims that these programmes of environ- 
mental protection have “undoubtedly in- 
fluenced the public to take a more favour- 
able attitude towards the company’s re- 
processing operations” 

One of the safety-inspired plants at Sel- 
lafield is the £126 milhon Site Ion Ex- 
change Effluent Plant (SIXEP), which 
uses clinoptilolite from the Mojave Desert 
in the United States as a raw material for 
the extraction of caesium and strontium 
ions. Data from the computerized plant, 
according to the company, are not yet con- 
clusive on its effectiveness. Another new 
project is the construction of £150 million 
effluent treatment and storage plant for 


liquid discharges at Sellafield The goal is 
to cut discharge of long-lived alpha radia- 
tion emitters from 370 curies in 1984 to 
less than 20 curies a year. BNFL chairman 
Con Allday emphasizes that these levels 
of sea discharges are far lower than those 
justified by “any simple cost/benefit 
analysis”. 

BNFL is not in a position to take quite 
as positive an attitude toward nuclear 
waste aS was expressed at the British 
Association of Science meeting at the end 
of August. There officials from the 
National Radiological Protection Board 
and UK Atomic Energy Authority 
pointed to the high standards of the nuc- 
lear industry, describing radioactive waste 


Animals in research 
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disposal as.a matter of pubhc education 
rather than public danger. BNFL claims, 
however, that such incidents as the 1983 
Sellafield discharge have had “no great 
effect” on the environment, regardless of 
how data are interpreted by groups of out- 
side critics. 

Two important issues ın the public rela- 
tions battle over Sellafield are job protec- 
tion and secrecy.The Sellafield plant em- 
ploys over 10,000 people, making BNFL 
the second largest employer in the area. 
Neither these employees nor the public at 
large, according to the British Labour Par- 
ty, are capable ot judging the environmen- 
tal impact of Sellafield because of the 
secrecy surrounding government and 
company reviews of safety at the site. 
Labour, in other words, would support an 
“open review at places like Sellafield” 

Elizabeth Collins 


US rules to be made tighter 


Washington 

THE University of Pennsylvania’s Head 
Injury Laboratory, whose research has 
been temporarily halted pending an inves- 
tigation by the National Institutes of 
Health (NIH) (see Nature 25 July, p.286), 
now faces the prospect of longer term clo- 
sure. The US Department of Agriculture, 
after looking at videotapes stolen by an 
animal rights group that broke into the 
laboratory last year, is charging the uni- 
versity under the Animal Welfare Act, 
specifically with respect to operations per- 
formed using inadequate anaesthesia, in- 
sanitary conditions and improper postop- 
erative care. The university faces a £4,000 
fine if found guilty. 

Meanwhile, the Head Injury Labora- 
tory last week replied to NIH’s report, 
which found evidence that its regulations 
were being ignored. NIH will “evaluate” 
the reply and decide later this month 
whether to continue support of the re- 
search programme. But further pressure is 
being brought to bear by Congress, where 
two representatives will seek to block sup- 
port for next year when the NIH appro- 
priations bill is discussed, thus pre- 
empting any action NIH might take. 

The events surrounding the University 
of Pennsylvania reflect the general prob- 
lem of laboratory animal welfare in the 
United States, where legislation 1s less 
strict than in many other countries (see 
Nature 311, 295; 1984). NIH issue guide- 
lines for the use of animals in laboratories 
that demand adequate care and surgery to 
be performed by “trained experienced 
personnel”; a committee containing at 
least One veterinarian must regulate re- 
search at each institution 

The latest modifications to the guide, 
imposing stricter conditions, come into 
force at the end of the year. There are also 
regulations for research supported by 
other organizations, such as the National 


Research Council and the Public Health 
Service. But the Animal Welfare Act is 
long overdue for reform. A recent study 
by the Animal Welfare Institute found 
that, using the “most optimistic assump- 
tions”, one-quarter of registered research 
facilities are not meeting the act’s require- 
ments. 

Previous attempts to amend the act 
have failed. But increased public aware- 
ness of the mistreatment of laboratory 
animals, typified by the case of the Uni- 
versity of Pennsylvania, has resulted in 
new optimism that Representative 
George Brown and Senator Robert Dole 


We were carrying out an 
Action Research Pro ject on 
human morality... 





wil next month successfully introduce 
their bill to amend the act. 

The bill will considerably strengthen the 
regulations, requiring training for resear- 
chers, the use of pain killers and justifica- 
tion of the use of experimental ammals as 
well as better pre- and postoperative treat- 
ment. Fines for the infringements of the 
law will be increased and committees, in- 
cluding a veterinarian and an informed 
outsider, will be responsible for the treat- 
ment of animals at each institution where 
research is performed. The amendments 
are supported by the America] Physiolo- 
gical Society. Maxine Clarke 
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Soviet libraries 





NEWS 


How Novosibirsk Keeps up 


Soviet engineers and applied scientists 
consider the updating of their professional 
knowledge to be of “vital importance”, 
according to a survey reported in Pravda 
two weeks ago. This, of itself, is fairly 
surprising. For the past ten years, the 
Soviet media, including the slogans of the 
May Day and Revolution Day parades, 
have urged them to keep abreast of the 
latest developments in their profession, 
while the universities, the higher educa- 
tion institutes, the radio “universities of 
the masses” and the All-Union “Znanie” 
(knowledge) Society maintain a vast net- 
work of updating and upgrading courses. 
Unexpectedly, however, the Pravda re- 
port indicated that few of those inter- 
viewed attend formal refresher courses or 
use specialized science libraries This re- 
sult is particularly surprising, because the 
survey was conducted in Novosibirsk, the 
home of the Siberian branch of the Soviet 
Academy of Sciences and of several major 
research universities, science libraries and 
information centres. 

Participation in refresher courses brings 
a number of fringe benefits for Soviet sci- 
entists. There is generous provision for 
study and examination leave and, official- 
ly, a person enrolled on such a course 
cannot be compelled to work overtime. 
Yet out of 626 people interviewed, only 
1.3 per cent are enrolled in university 
courses (leading to a degree) and 26.4 per 
cent in job-related “higher qualification 
courses”. No fewer than 70.4 per cent said 
that they were studying on their own. 

Pravda rightly points out that private 
study can be effective only if it has a prop- 
er information base. More than half of 
those interviewed claimed that they had 
too little time to use the Novosibirsk lib- 
raries as much as they wished. Often, they 
said, the time spent travelling to and from 
a library was several times that spent con- 
sulting the works they had gone to read. 
More than 70 per cent complained of the 
difficulty of finding what they wanted to 
read, even with the help of catalogues de- 
signed to facilitate searching. More than 
80 per cent said they preferred to find the 
information they require directly at their 
work-place; about 30 per cent liked to 
study at home by way of television, radio, 
books or journals and only 14 per cent 
favoured going to libraries. When asked 
“from what source do you most often 
obtain information that is valuable to 
you?”, the most popular answers were 
journals and television, with books in only 
seventh place. 

The Pravda commentator, A. Fabrich- 
nyi (a senior lecturer at the Novosibirsk 
Higher Party School), suggests that the 
figures indicate a need to rethink and im- 
prove the “scientific and technical prop- 
aganda system” The media, ın general, 
should be involved more closely with the 


| 


dissemination of new scientific know- 
ledge, particularly the high-circulation 
periodicals of individual industries, 
which, paradoxically, contain far less 
material of direct use to the industrial sci- 
entists than do the major all-union dailies 
and weeklies. 

What the commentator fails to note is 
that the basis of the survey seems ill- 
defined, with improvement of qualifica- 
tions covering both the sustained study 
required to obtain a higher degree and the 
reading of occasional information sheets 
from the Scientific and Techmical In- 
formation Centre. The disproportion be- 
tween travelling to a library and time 
spent in it, the emphasis on television and 
journals and the preference for working 
alone. suggest that improving one’s qual- 
ifications may often mean nothing more 
than browsing through professional jour- 
nals or watching a science programme on 
television. Vera Rich 


Public understanding 
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Research data 
University sues 
laggard students 


Washington 

WASHINGTON State University has filed a 
$150,000 lawsuit against two graduate stu- 
dents who, it alleges, have refused to turn 
over data on trace gases in the atmosphere 
that were gathered during an Antarctic 
research project. An affidavit signed by 
the principal investigator of the project 
says one of the students has threatened to 
destroy the data if the university tries to 
recover them. 

The issue is important because it raises 
questions about the contractual obliga- 
tions of people other than principal inves- 
tigators to the grant-making agencies sup- 
porting university research. Questions ab- 
out the responsibility of students to their 
supervisors, and of universities for their 
students, also arise. ° 

The data were gathered as part of 
a four-year project supported by the 





Royal Society urges activity 


Tue Royal Society will soon be awarding 
an annual prize to the British scientist or 
Organization doing most to further public 
understanding of science if ıt follows all 


the recommendations of the committee on’ 


the subject under Dr W.F. Bodmer (Im- 
perial Cancer Research Fund) published 
this week*. The essential argument of the 
report is that public understanding is a 
public good which scientists have a “pro- 
fessional responsibility to promote”. 

The most subversive of the proposals in 
the report, which is said to have been 
accepted by the council of the Royal Soci- 
ety, are however those concerning the 
British educational system. Thus the Bod- 
mer committee asks that no school student 
should be allowed to concentrate exclu- 
sively on science or non-science studies 
“even after the age of 16”, and that stu- 
dents at universities should be helped to a 
broader education either by courses of 
general study or in some other way. 

In an attack on present practices in Brit- 
ish secondary schools, the Bodmer report 
says that the education of post-16 students 
is “appallingly narrow” and that the de- 
gree of specialization now common, en- 
tailing as it does a “wasteful repetition” at 
school of what is later studied at universi- 
ty, is “totally unnecessary”. The docu- 
ment goes on to say that universities and 
other institutions of higher education help 
to restrict the broadening of education by 
their “unnecessary and unreasonable” de- 
mands for specialization and says that 
claims that reform would undermine the 
quality of British higher education are be- 
lied by the success of school systems else- 
where. 


The committee also wants a broader 
education, including experience of work 
outside the educational system, for scien- 
ce teachers, and says that in-service train- 
ing should be an integral part of their con- 
ditions of service, not “an optional extra 
for enthusiasts”. 

Broadly speaking, the Bodmer commit- 
tee is appreciative of the treatment 
acorded to science in the British press but 
especially by the broadcasting media. It 
gives a sympathetic account of the prob- 
lems encountered by science journalists in 
the internal competition for newspaper 
space, but also says that the low opinion 
among editors of the importance of scien- 
ce in newspapers is belittling and “unwar- 
ranted”. The committee complains that, 
with one exception, it failed to evoke a 
response from the newspaper editors 
whom ıt asked for help. i 

On the scientific community’s reponsi- 
bility, the committee urges that scientists 
are not excused by the emergence of a 
substantial number of professional writers 
on the subject (with whom the committee 
also notes a persisting professional mis- 
trust). Apart from the proposal that the 
Royal Society should award an annual 
prize, the committee suggsts that PhD 
candidates might be asked to produce a 
summary of their work for a lay audience, 
that the Royal Society should take the 
inititative in organizing press briefings for 
science journalists and that it should set up 
a standing committee to monitor progress 
in the field. 


*The Public Understanding of Science (ISBN 0 05403 
25756). from the Royal Society, 6 Carlton House Ter- 
race, London SW1Y 5AG 





NATURE VOL 317 12 SEPTEMBER 1985 


National Science Foundation (NSF). The 
students, Stephen and Annette Waylett, 
spent the 1983 Antarctic winter at Palmer 
Station, Antarctica, gathering data on 
atmospheric chlorofluorocarbons, ozone, 
carbon dioxide, methane and nitrous 
oxide, together with supporting meteor- 
ological observations. The data were to 
have been included ın master’s degree 
dissertations. 

Stephen Waylett had already failed one 
essential course for his degree and had not 
completed another when the couple left, 
although both difficulties could have been 
rectified later, according to a former 
supervisor. 

The couple did supply the university 
with weekly averages of measurements 
during the period of observations, so there 
seems little doubt that measurements 
were correctly made. The university con- 
tends that, as the intermediary which paid 
for the research, it owns the data. Uni- 
versity officials say they have offered to let 
the couple keep a copy of the data and that 
the Wayletts’ research contribution would 
be acknowledged in any future use of it. 


NEWS 


NSF's legal department says it knows of 
no previous instance of a researcher refus- 
ing to release data gathered under a 
foundation grant. The grant conditions do 
not apparently specify who formally owns 
data gathered; that they will be made pub 
lic is simply presumed 

NSF has said it will stay out of the dis- 
pute between the university and the 
Wayletts, at least until the final report 
from the $600,000 research project falls 
due next summer. Although final reports 
are often fairly brief, the university will 
need the Wayletts’ data, which represent 
year two of a four-year series, for statistic- 
al comparisons, according to the proyect’s 
principal investigator. 

Those who know the Wayletts are at 
a loss to account for their behaviour, 
although they did apparently have some 
complaints about their tuition. The 
couple’s whereabouts, and that of the 
data, are now unknown. A temporary 
restraining order issued by a federal court 
judge forbidding the couple to destroy or 
damage the data has still not been served 
after two weeks. Tim Beardsley 





Framatome joins the fold 


FRAMATOME, the French nuclear company 
which is the largest constructor of nuclear 
reactors outside the United States, has 
been taken over by a French nationalized 
group, the Compagnie Générale Eléctri- 
que (CGE), a move that given the French 
state essentially total control of the nation’s 
nuclear industry. 

Framatome not only constructs the 
nuclear component of French pressurized 
water reactors (PWRs), but has an affiliate 
Novatome, the constructor of the French 
fast breeder Superphénix. CGE itself con- 
trols both Alsthom Atlantique which 
makes the turbogenerators for the reactors 
and Cables de Lyon which provides the 
electrical cabling. Moreover, the civil en- 
gineers Dumez, involved in the construc- 
tion of the buildings for many French pow- 
er Stations, is to become a minority (10 per 
cent) shareholder in Framatome, and the 
national atomic energy authority, the 
Commissariat á PEnergie Atomique 
(CEA), will take 35 per cent. CGE will be 
the leading shareholder with 40 per cent, 
the national electricity utility Eléctricité de 
France (EDF) will take 10 per cent “to see 
the bills”, and Framatome staff will have 
the remaining 5 per cent. 

The reconstruction of Framatome was 
necessary because of the collapse last year 
of Creusot-Loire, the private French steel 
giant, which held 50 per cent of Frama- 
tome (CEA had the other 50 per cent), and 
which the French government refused to 
bail out. This led to long discussions over 
the future of Framatome, clouded by the 
end of major purchasing of PWRs by EDF. 
For EDF, Framatome expects to be con- 
structing four nuclear systems (pressure 
vessels and associated steam generators) 


next year, but only two in 1987, two in 
1988, two in 1989 and then one a year. 

Orders may pick up during the late 
1990s, when EDF will want to replace its 
first PWRs (which went on line in the mid- 
1970s), but meanwhile the company must 
either rely on the slack export market or 
diversify. Profits are expected to amount to 
EF 800 million (£7 million) over the next 
four years, but are somewhat unpredict- 
able thereafter. Diversification into com- 
puter software and desalinization had be- 
gun before the takeover, but the size of the 
CGE group (second only to Renault in 
France) should now simplify redeployment 
of the 7,600 Framatome staff. 

Framatome may also be better placed to 
compete for the few nuclear contracts now 
available abroad. Framatome has feared 
that competitors would be able to exploit 
-— and were exploiting — its anomalous 
position after the Creusot-Loire collapse. 
But there must be doubt as to whether the 
now monolithic structure of the French 
nuclear enterprise will prove an asset or a 
hindrance. 

In the past, governments and utilities 
have tended to diversify risks by placing 
orders for differenct parts of a power sta- 
tion (nuclear, conventional, civil) with 
different companies and even different 
countries, and it is pointed out in France 
that the almost equally monolithic German 
nuclear constructor, Kraftwerk Union, 
has not had an export order since 1975. In 
France, however, the now closer govern- 
ment ties with nuclear construction — 
although always close before — may not 
harm export prospects in what was always 
a highly politicized market. 

Robert Walgate 
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Sakharov 


Does no news 
mean bad news? 


Dr Andrei Sakharov may have been 
taken from his Gor’kii apartment to an 
unknown destination, a former Soviet dis- 
sident, the writer Lev Kopelev, claimed 
last week. Kopelev, who now lives in West 
Germany, told correspondents that the 
duty policeman who had been constantly 
stationed outside the Gor’kii apartment 
block in which Sakharov has been held 
had been removed in mid-August. When 
questioned by Dr Efrem Yankelevich, 
Sakharov’s stepson-in-law and his repre- 
sentative abroad, Kopelev said that a re- 
cent visitor to Moscow had been told of it 
by a dissident source. 

The last definite news of either Sakhar- 
ov or his wife Elena Bonner was a post- 
card from the latter dated 4 July. This 
postcard, and one dated 29 June, broke an 
enforced silence of more than two 
months, during which, judging from the 
numbering of the postcards, 28 cards had 
been posted only to disappear en route. In 
both these cards, Mrs Bonner traced over 
the pronoun “Ya” (I) and the verbal en- 
dings indicating the first person singular, 
presumably to contrast, by implication, 
her condition (“J feel, physically, in good 
shape”) with that of her husband, who at 
that tıme was on hunger strike in hospital. 

At the end of June, the West German 
newspaper Bild came into possession of 
two videotapes showing Sakharov as a pa- 
tient in the Semashko Hospital in Gorkis, 
in which, inter alia, Sakharov was shown 
reading Western scientific articles and 
news magazines whose dates suggest that 
Sakharov was still alive in mid-June. A 
further video released through Bild indi- 
cated that Sakharov was discharged from 
the hospital on 11 July, but, says Dr Yank- 
elevich, the evidence for the date was, in 
this case, only a notice on the hospital 
wall. According to the commentary, the 
Bild tapes were made specifically to refute 
Western fears that Sakharov was being 
medically mistreated. 

Such reassurances were probably 
associated with the then impending tenth 
anniversary of the Helsinki Final Act on 1 
August, and with the decision of the 
Soviet authorities, relayed to US Senator 
Paul Simon through the president of the 
Soviet Academy of Sciences, Dr Anatolii 
Aleksandrov, that it would be a violation 
of the Non-Proliferation Treaty to let 
Sakharov go abroad, since he could dis- 
close atomic secrets to other governments 
and private organizations, “including ter- 
rorist groups”. 

If, indeed, the story of the vanishing 
policeman is true, and the Sakharovs 
have, indeed, been removed from 
Gor’ku, then the palliative was only tem- 
porary, and new fears for the couple’s 
safety may well be justified. Vera Rich 
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CORRESPONDENCE 


Pain and laboratory animals 


Sır—The Mobilisation for Laboratory 
Animals campaign against the govern- 
ment’s proposals to update the 1876 
Cruelty to Animals Act as set out in the 
two White Papers (Commands 8883 and 
9251) can, sadly, only delay the construc- 
tive reforms that are contained therein 
which undoubtedly would improve 
laboratory animal health and welfare. A 
further example of this is a recent letter 
you published’. 

While most, if not all, would prefer not 
to use animals for experimental and scien- 
tific purposes, unfortunately there are, at 
present, few valid alternatives and 1f adv- 
ances in the treatment of human and 
animal diseases are to continue, animals 
will have to be used In the meantime, 
efforts should be made by all those who 
use animals to refine experiments so that 
no unnecessary “suffering” occurs. (By 
suffering I include pain, distress, discom- 
fort, stress and other such responses to the 
experimental conditions.) One must first, 
however, be able to recognize the signs of 


this “abnormal behaviour”, an appraisal 


that practising veterinary surgeons and 
doctors carry out routinely. Furthermore, 
good stockmen and pet owners are also 
able to tell if their animals are unwell. 
While it may be criticized as being subjec- 
tive, it is still of practical help to the anim- 
al, as appropriate treatment for relief can 
be instituted and monitored (the effective- 
ness of any treatment has also to be asses- 
sed). 

It is extremely important for users of 
laboratory animals to be able to recognize 
normal and abnormal behaviour The 
proposed liaison between the veterinary 
surgeon, the person with day to day re- 
sponsibility and the user, as set out in the 
white papers, will do much to attain this 
goal. Pain is often an unwanted variable in 
the experimental situation and scientists 
would, therefore, be happy to eliminate it. 

The recognition of pain and its assess- 
ment has been the subject of a recent 
publication’ and a seminar to address this 
question was organized by the British 
Veterinary Association Animal Welfare 
Foundation (the proceedings will be pub- 
lished shortly). The topic of relief of pain 
in animals has also been addressed’. It has 
been disputed by Sharpe’ that levels of 
pain cannot be recognized but I would 
take issue with this and would like to cite 
one of many examples of how this can be 
achieved Lameness may present in anim- 
als in several ways; the animal may just 
show a limp (mild), the limp may have an 
evident effect on the movement (moder- 
ate), or the animal may hold the affected 
leg off the ground altogether (substan- 
tial). Thus the pain involved in this inst- 
ance has been subdivided on clinical 
grounds and has obvious implications for 
the clinician. This can equally apply to 


experimental animals and to other body 
systems and I would suggest that while one 
cannot be precise in the estimation of 
pain, or its quantitation, ıt is possible in 
many instances to predict and allocate 
pain into categories. 

Where the government’s recent propos- 
als have so much to commend them is in 
their intention to control the amount of 
pain in experiments, as suggested in the 
BVA/CRAE/FRAME proposals, to ba- 
lance pain against potential benefit. Three 
categories of pain (severity) have been pro- 
posed and for the first time a termination 
of experiment limit less than “severe and 
enduring pain” will have been instituted. 
There are many other such positive and 
constructive proposals in the white pap- 
ers, for example control over breeding, 
supply and care of animals, a tighter 
licensing system, a stengthened inspecto- 
rate and a new statutory animal proce- 
dures committee. Regrettably a less posi- 
tive proposal is the imposition of fees on 
an already overburdened and under- 
financed research budget. 

In conclusion I would support the view 
that pain often can be categorized and the 
government’s proposals should benefit 
both animal welfare and science in the 
long run. D.B. MORTON 


1 Sharpe Nature 316, 286 (1985) 
2 Morton & Griffiths Ver Rec 116, 431-436 (1985) 
3 Fiecknell Lab Animals 18, 147-160 (1983) 


German universities 


Str—In Jurgen Neffe’s article on West 
German universities (Nature 11 July, 
p.96) the main reason for students’ protest 
against amendments to university regula- 
tioins is mentioned explicitly. However, 
what your correspondent calls the 
“obviously reactionary character” of the 
suggested improvements should be ex- 
plained in more detail. 

The German federal Hochschul- 
rahmengesetz (HRG) outlines a 
framework for regulations by the Lander 
only. Indeed, the Land of Hessen, in im- 
plementing the HRG of 1976, had shifted 
the balance within university committees 
to a wider group in 1978 and more drastı- 
cally in 1980. One asserted aim of its reg- 
ulations was to make it possible for profes- 
sors to be outvoted, even when they are 
unanimous among themselves. 

The combined representation of stu- 
dents, assistants and non-academic per- 
sonnel was fixed at 55 out of a total of 90 
delegates, leaving the remaining 35 for 
professors, who are thus a minority of 38.9 
per cent. Consequently presidents and 
vice-presidents of Hessian universities 
have often been elected when 90 per cent 
of their professors have voted against 
them. Moreover, in elections for the dele- 
gates of the different groups, more than 85 
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per cent of professors, but fewer than 25 
per cent of students and non-academic 
personnel, actually vote. The federal gov- 
ernment intends to increase representa- 
tion of professors to 50 per cent to make 
the framework comparable with that in 
other countries. Professors can still be 
overruled, but not if they are unanimous 
among themselves. 

Government, Bundestag and Bundesrat 
are thus helping the universities to elect 
scientifically outstanding candidates as 
presidents and vice-presidents in Hessen 
and other German Lander. We do not 
consider this “obviously reactionary”. 

DIETER MEURER 
WOLFGANG ZIMMERMANN 
Philipps-Universitat Marburg, 
Biegenstrasse 10, 
D-3550 Marburg, FRG 


Spellbound 


Sir—Your correspondent Monique Mul- 
der (Nature 20 June, p.626), claiming 
some knowledge of the Kalenjin lan- 
guages, suggests I misspelt the name of my 
colleague John Kimengich, as the spelling 
deviates from her bovine concept of its 
etymology. This is something over which 
we could argue until the cows come home, 
but in general I make it a rule to spell 
people’s names in accordance with their 
own practice and not to worry unduly over 
conjectured derivation and meaning. 

. As your correspondent would have us 
believe that one of her names is 
“Borgerhoff”, [commend this principle to 
her as one she would be well advised to 
encourage. 


ANDREW HILL 
Yale University, 
Department of Anthropology, 
PO Box 2114, 
Yale Station, 


New Haven, Connecticut 06520, USA 


Chance encounters 


Sir—We are collecting data on: (a) refer- 
ences in the literature to the role (however 
limited or extensive) of chance in the adv- 
ance of science, engineering and technolo- 
gy; (b) personal experiences of serendip- 


ity unrecorded, or incompletely referred 


to in published papers. 

We would be grateful for any well- 
documented information that readers can 
supply. Please send such material to the 
last-named. 

PATRICK J. HANNAN 
Code 6180, 
Naval Research Laboratory, 
Washington, DC 20375-5000, USA 

JOHN F. CHRISTMAN 
Loyola University, 
New Orleans, Louisiana 70118, USA 

RustumM Roy 

202 Materials Research Laboratory, 
Pennsylvania State University, 
University Park, Pennsylvania 16802, 
USA 
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The hunt for neutrino mass (cont’d) 


New measurements deny an earlier report of a neutrino mass of 17.1 keV. But the hunt will go on. One 
benefit will be more accurate measurements of decay energy-spectra. 


THe hunt for the heavy neutrino con- 
tinues, with mounting ingenuity but with- 
out success. So much is clear from the 
latest experiment, reported by a group 
from the physics department at Princeton 
University (Altzitzoglou, T. et al., Phys. 
Rev. Lett. 55,799; 1985). The group’s con- 
clusion is that there 1s no evidence from 
the electron decay of sulphur-35 (°S) for 
the presence of neutrinos with non-zero 
- mass among the decay products. But given 
the compatibility of heavy neutrinos with 
present particle theories including the 
Salam—Weinberg electroweak theory, the 
tantalizing reports that heavy neutrinos 
may indeed be real and their attractive- 
ness in other fields, cosmology in particu- 
lar, it is unlikely that Altzitzoglou et al. 
have spoken the last word on the subject. 

For the time being, S-decay seems to 
have become the preferred phenomenon, 
if only because it allows human-scale ex- 
periments to be designed. The basis of 
these investigations remains substantially. 
what it was in the 1930s, when Fermi post- 
ulated the existence of a neutrino with 
zero mass, but otherwise with the prop- 
erties of electronic matter (leptons), to 
accommodate the observed energy spec- 
tra of the electrons (ranging from nothing 
to a maximum) so as to allow energy and 
linear and angular momentum (spin) to be 
conserved. 

The difference now is that there are at 
least three generations of neutrinos, one 
corresponding to each of the three known 
leptons (muons and tauons as well’as elec- 
trons), and that even if the electron neutri- 
no (strictly, it is an anti-neutrino) should 
have zero mass, the theories require that 
all three neutrinos (but there may be 
more) should be mixed together in the 
sense of quantum mechanics in the pro- 
ducts observed. 

The first experiment designed to look 
for non-zero mass was reported by a 
Soviet group nearly a decade ago, and 
turned on the measurement of the energy 
spectrum of the electrons from the g- 
decay of tritium. The result reported, a 
non-zero mass, has served chiefly as a re- 
minder of the formidable difficulty of 
making convincing measurements in this 
field. The essential problem is that neutri- 
nos with non-zero mass will affect the 
energy-spectrum of the electrons emitted 
in -decay only:in the region of electron- 
energy corresponding ‘to the supposed 
mass, which cannot be more than a few 
electron-volts without being more of an 


embarrassment than a comfort to the cos- 
mologists. In short, the hunt for neutrinos 
with non-zero mass must be carried out 
just in that region where accurate 
measurements are most difficult. 

‘Experimentalists are clearly undis- 
mayed by this challenge. Thus, earlier this 
year, J.J. Simpson, from the University of 
Guelph in Canada, described a repetition 
of the Soviet measurement by the intri- 
guing technique of embedding radioactive 
tritium atoms in a slice of silicon, in which 
decay electrons can be counted as pulses 
of electric current, and where their total 
energy can be measured directly (Phys. 
Rev. Lett. 54, 1891; 1985). 

Simpson’s conclusion was: that the 
shape of his electron energy-spectrum was 
indeed distorted from that expected on 
the assumption that all neutrinos have 
zero mass; at the low end of the spectrum, 
there was an excess of electrons, most 
simply explained by a redistribution of the 
total energy shared by the products of the 
f-decay between the electron and the 
neutrino. His result was that at least one of 
the three neutrinos has non-zero mass, 
that the most probable value of that mass 
is 17.1 keV and that the quantum state 
representing the heavy neutrino consti- 
tutes some 3 per cent of that observed in 
experiments, manifested by the decay 
electrons. 

As ın true love, the path of discovery is 
never quite smooth. No doubt inspired by 
the uncomfortably large neutrino mass re- 
ported by Simpson, W.C. Haxton from 
the University of Washington and Los 
Alamos has already put forward one 
reason for believing that the result may be 
an artefact of interpretation (Phys. Rev. 
Lett. 55, 807; 1985). Simpson’s result 
hangs on the difference between the mea- 
sured spectrum and that predicted in cal- 
culations with neutrinos of zero mass. 

Haxton argues that Simpson’s expecta- 
tions may be.oversimple approximations. 
His argument may be incomplete, but it 1s 
sufficient to show the complications with 
which people will have to grapple before 
unambiguous measurements can be 
made. Briefly, Simpson’s argument seems 
to have.been based on the standard appro- 
ximations in the calculation of the rate of 
B-decay which, among other things, sup- 
pose that the electron that escapes from 
the decaying nucleus has no effect on the 
electron of the tritium atoms (which is 
transformed by the decay into a singly io- 
nized helium atom). But electrons are in- 


distinguishable on the scale of atoms, so 
may not the -decay of tritium proceed by 
the capture of f-electron into a bound 
state and the transfer of the original bound 
electron into an essentially free state? 
Plainly the influence of these routes to 
B-decay will be greater when the electron- 
energy ıs small; Haxton argues that a first 
calculation shows them to be large enough 
to account for roughly one sixth of the 
departures from expectation reported by 
Simpson. Whatever the inevitable extra- 
polation of these arguments may bring, 
the result will be more accurate calcula- 
tions of the detail of the decay of tritium 
than there have ever been before. 

In the same spirit, whatever the im- 
mediate importance of the work of the 
Princeton group, the result will be a 
dramatic improvement in the accuracy of 
measurement of 6-decay. Altzitzoglou et 
al. have designed what is in effect a dedi- 
cated equipment for the direct measure- 
ment of -decay spectra. The trick is to 
build a cylindrical vacuum chamber with a 
pair of symmetrically-placed coils to pro- 
vide an axial magnetic field, and to 
arrange for the accurate positioning of a 
radioactive source and an electron- 
detector at the opposite ends of the axis. 
The chamber is iron-free, decay electrons 
are prevented from making the straight- 
line journey from source to detector by a 
lead obstacle in the centre, but can reach 
the detector if they happen to be orien- 
tated so as to intercept a circular annulus 


-cut in an otherwise impenetrable disk, 


also concentrically mounted. The detector 
will then see only those electrons that 
leave the source with an energy or 
momentum exactly corresponding to the 
geometry of the equipment. The spectrum 
of a B-decay process is then determined by 
varying the current and recording the rate 
at which particles reach the detector. 

The result is simply stated. For sulphur- 
35, the measured spectra fit better with 
the assumption that all neutrinos have 
zero-mass than with the particular result 
put forward by Simpson. On the face of 
things, neutrinos have no mass or, more 
precisely, such states of massive neutrinos 
as there may be play only a small part (or 
mix) in the states of the neutrinos emitted 
in B-decay.: But this conclusion naturally 
applies only if neutrino masses are as large 
as suggested by Simpson; nothing so far 
attempted can exclude masses some 
orders of magnitude smaller than Simp- 
son’s 17.1 keV. John Maddox 
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Virus structure 


NEWS AND VIEWS 


Crystallography attacks the cold 


from Don C. Wiley 


A LITTLE under eight years ago Harrison 
and co-workers published’ the first three- 
dimensional’ structure of a virus after ten 
years of effort. Now it has taken Ross- 
mann et al. the incredibly short period of 
thirteen months to determine the three 
dimensional structure of a rhinovirus — 
the causative agent of the common cold. 
Their achievement, reported on page 145 
of this issue’, is the result of a tour de force 
of modern X-ray crystallography, which is 
entering a new era. It is certainly nothing 
to sneeze at. 

Perhaps the most intriguing discovery 


to emerge from the structure is that the 
tertiary folds and quaternary organization 
of the polypeptides in rhinovirus are re- 
markably similar to those found in tomato 
bushy stunt virus’ and southern bean 
mosaic’ virus, both icosahedral plant 
viruses, indicating an evolutionary rela- 
tionship between these infectious agents 
It will be particularly interesting to com- 
pare the structure with that of poliovirus, 
which is soon to be published by Hogle 
and co-workers’. This will be the subject 
of a future contribution to these columns. 

But will knowledge of the structure lead 





Sir Frank MacFarlane Burnet (1899-1985) 


MACFARLANE Burnet, joint winner of the 
1960 Nobel Prize for Physiology and 
Medicine and originator of the clonal 
selection theory, which forms the basis of 
modern immunology, died peacefully on 
31st August, 1985. In this technological 
era, we can ask whether anyone will ever 
sweep as broadly or dare as boldly as the 
man who dubbed himself “the last of the 
great amateurs”. The essence of Burnet’s 
creativity was his ability to move from the 
restricted, reductionistic framework of 
particular experiments to nature’s grand 
design, always searching for the general 
biological principle. 

Burnet’s first interest was in bacte- 
riophages and he was the first to realize 
that the hereditary phage particle inte- 


grates itself into the ‘hereditary constitu- ` 


tion’ of the lysogenic bacteria as a non- 
infectious anlage which multiplies in step 
with the bacterial cell. Animal viruses, 
much harder to grow than phages, preoc- 
cupied Burnet for the next thirty years. 
He improved the techniques for growing 
viruses in chick embryo, established the 
chief quantitative method for studying 
viral replication and isolated the causa- 
tive organism of Q fever — a rickettsia 
and not a virus. 

Burnet’s interest in immunology was a 
natural outgrowth of his broad approach 
to virology. Three observations in- 
trigued him particularly. First, chick 
embryos could not be immunized, no 
matter how hard he tried. Secondly, mice 
infected in utero with lymphocytic chor- 
iomeningitis virus had been shown by 
Traub to carry virus in their blood and 
tissues for life, without forming anti- 
body. Thirdly, Burnet was struck by 
Owen’s observation that dizygotic twin 
cattle which shared a common placenta 
could be born with and continue to carry 
two types of red blood cell, their own and 
that of the twin, without an immune re- 
sponse. Burnet predicted that an antigen 
artificially introduced into an immature 


immune system would lead to the animal 
being tricked into thinking that the anti- 
gen was not foreign. Billingham, Brent 
and Medawar provided the necessary ex- 


, perimental evidence to establish im- 


munological tolerance as a reality and so 
Burnet and Medawar shared the Nobel 
prize for the discovery. 

Burnet’s most profound and unequivo- 
cally correct theoretical insight came 
some years after all the excitement about 
tolerance. Stimulated by Jerne’s ‘natural 
selection’ theory, Burnet postulated the 


` clonal selection theory in 1957. The ess- 


ence of this is that lymphocyte cells bear 
on their surface specific immunoglobin 
molecules reflecting the specificity of the 
antibody that will later by synthesized 
once the cell is activated. A process of 
“somatic mutation or conceivably other 
inheritable changes” leads to diversifica- 
tion such that each cell has only one speci- 
ficity, but the population as a whole con- 
stitutes a repertoire “corresponding 
probably with varying degrees of preci- 
sion to all, or virtually all, the antigenic 
determinants that occur in biological 
material”, Antigen serves as‘a selective 
stimulus, causing preferential prolifera- 
tion and differentiation of the clones that 
have receptors for that antigen. He saw 
self-tolerance as involving the deletion of 
clones with receptors for self antigens. 


- The cellular and molecular vindication of 


this theory gave Burnet his most lasting 
satisfaction. 

Burnet was a biologist. His love-hate 
affair with biochemistry, which led to a 
brief but damaging rejection of the worth 
of molecular biology (Lancet (i) 37; 1966), 
stemmed from his belief that biochemists 
should serve as superior servants to the 
biologists responsible for uncovering na- 
ture’s real secrets. Despite this ambiva- 
lence, he sponsored some first-rate bio- 
chemical work. Above all he will be re- 
membered as one who believed science is 
primarily aboutideas. G.J. V Nossal 


~ 
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to a cure for the common cold? The main 
reason that we do not develop immunity 
to colds, the way we do to childhood dis- 
eases like measles, and also the reason 
that no one has developed an effective 
vaccine against colds, seems to be that rhi- 
noviruses exist in over eighty antigen- 
ically distinct serotypes (poliovirus, by 
contrast, has three). And each is different 
enough to escape antibodies against the 
other, but all are capable of delivering the 
same nasty cold. Through a collaboration 
with Rueckert’s laboratory, Rossmann et 
al. describe four immunogenic sites on 
the virus that can generate neutralizing 
monoclonal antibodies in mice. The pros- 
pect of developing a ‘comprehensive vac- 
cine’ against these sites seems remote, 
however, because the evidence indicates, 
presumably because of their exposed posi- 
tions on external loops, that they can 
accept changes in structure (sequence) 
without consequent disruptions of any vir- 
al functions. So they may be able to stay 
ahead of the vaccine designers as well as 
our immune systems 

May there, instead, be a conserved epi- 
tope, shared by all rhinoviruses that could 
be a-vaccine target? One prospect might 
have been the receptor-binding cavity, 
which binds the virus to a receptor on a 
target cell. Unfortunately, it seems to be 
in a deep cleft inaccessible to antibodies. 
A similar situation has been observed for 
the two glycoprotein surface antigens of 


influenza virus’ °, where the conserved 


residues making up the receptor-binding 
pockets are either inaccessible to anti- 
bodies, or surrounded by a rim of amino 
acids that can vary and in so doing dis- 
lodge antibodies targeted at the conserved 
site. It remains to be seen whether rhino- 
virus carries some other common, con- 
served epitope that would not change 
structure under the selective pressure of 
antisera and against which neutralizing 
antibodies could be artificially stimulated 
(by a peptide?). In the meantime, as with 
the crystallographic studies of other infec- 
tious agents’ ’, basic issues such as the 
structural nature of immunogenic regions 
and the mechanism of- immunological 
neutralization can now be studied in 


atomic detail. 
Macromolecular crystallography is 
often misunderstood. It sometimes 


appears to be just a descriptive anatomy 
of macromolecules, providing compli- 
cated illustrations for.textbooks. At its 
best, however, it provides the starting 
point for detailed research into how large 
molecules work .The three-dimensional 
patterns of chemical reactiveness on a 
macromolecule are the key to chemical 
analysis of the capabilities of that mole- 
cule For example, one can now foresee 
three non-immunological approaches to 
curing the common cold. First, knowing 
the structure of the receptor-binding site 
on the virus should stimulate efforts to de- 
sign a tight-binding specific inhibitor of 
virus—cell attachment. Second, structural 
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studies of an ‘uncoating transition’ of the 
virus subunits, which may be involved in 
the process by which the virus delivers its 
genome across a membrane into the cyto- 
plasm, could identify a target for a new 
therapeutic agent that would inhibit the 
entry and/or uncoating process And 
third, an atomic description of the subunit 
interfaces and how they interact during 
viral assembly could similarly provide a 
target for an assembly-inhibiting drug. 
None of these obvious ideas is trivial to 
pursue, as those currently designing en- 
zyme inhibitors will attest, but the atomic 
structure of rhinovirus opens them to a 
rational attack. 

What makes this all realistic 1s a com- 
bination of rapid technological advances 
in macromolecular X-ray crystallography 
and molecular biology. The rhinovirus 
structure determination illustrates two 
major advances. First, all the X-ray data, 
over eight hundred thousand unique 
reflections, were collected using a syn- 
chrotron X-ray source — the Cornell High 
Energy Synchroton Source. Synchrotron 
radiation is an extremely bright source of 
X rays. X-ray exposure times drop from 
many hours to minutes at a synchrotron; 
data collection times from months to days. 
Second, a powerful new method for deter- 
mining the phases of high resolution X-ray 
data has been demonstrated. Normal pro- 
cedures have required data from at least 
one isomorphous heavy atom derivative 
to high resolution (3 A). Rossmann et al. 
were able to abondon heavy atom phases 
at low resolution (6A), and calculate high 
resolution phases by a stepwise (22 steps) 
extension of the low resolution phases 
using algorithms previously used for non- 
crystallographic symmetry-based phase 


refinement. I think they are right to note: 
“The success of these techniques holds 
promise for a rapid series of structural de- 
terminations of viruses and other bio- 
logical assemblies of high. symmetries, 
by reducing dependence upon finding 
satisfactory isomorphous heavy atom 
derivatives.” 

The scientific and technological feat of 
the rhinovirus structure, determination is 
only one in a series of recent events in 
macromolecular crystallography that have 
brought us many new structures: including 
the first of amembrane protein, and struc- 
tures of protern-DNA complexes and-an 
antibody—antigen complex. Advances in 
molecular biology make available large 
quantities of pure protein, and site- 
directed mutagenesis .1mproves prospects 
for understanding structure-function rela- 
tionship. An array of technical advances, 
ranging from computers, synchrotron 
sources, aréa detectors and computer 
graphics terminals to new algorithms for 
solving structures, have reduced the 
drudgery of macromolecular crystallogra- 
phy and have made it a ‘high tech’ opera- 
tion whose critical input is a trained crys- 
tallographer and a good crystal. Despite 
this cheery outlook, it may be a while 
before we have heard the last sneeze. C] 
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Catalyst chemistry 


Silica sodalite without water 


from Lovat Rees 


ZEOLITES are best known as the catalysts 
used in oil refineries for cracking crude 
oil Their crystalline structure forms a 
three-dimensional network of molecule- 
sized channels, which also makes them 
ideal as molecular sieves. Starting from 
the pioneering studies by R.M. Barrer in 
the 1940s many aluminosilicate zeolites 
and, in some cases, their pure SiO, ana- 
logues have’ been routinely synthesized 
under hydrothermal conditions. On p157 
of this issue, D.M. Bibby and M.P. Dale! 
report on an exciting new development in 
which the pure silica sodalite framework 
and its silica-rich aluminosilicate form is 
synthesized using ethylene glycol in place 
of water both as a solvent and a templating 
molecule. Although . these compounds 
themselves have little commercial import- 
ance, they will contribute substantially to 
our understanding of the physical chem- 
istry of zeolites 


Sodalite occurs widely in nature and is 
also readily synthesized hydrothermally 
with Al/Si ratios near unity. Silica-rich 
sodalite has been prepared from aqueous 
hydrothermal systems using tetramethyl- 
ammonium templating cations. This sys- 
tem has also produced silica-mch zeolites 
such as ZSM-5 and ZSM-11 and their 
respective end-members, silicalite-1 and 
silicalite-2, that contain essentially no 
aluminium’* Thesé are rich in: the 


5-membered rings that make up the silica- 


rich framework. For example, the only 
secondary unit to build the ZSM-5 
and silicalite-1 structure is the 5-1 unit 
shown in Fig. 1 which can be assembled 
into the three-dimensional structure of 
ZSM-5 of Fig. 2. 

The  silica-sodalite synthesized by 
Bibby and Dale is unusual because 


the framework contains only 4- and 6- 


membered rings, as can be seen in Fig. 3 
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Such structures are characteristic of high- 
alumina content framework silicates 
synthesized from aqueous systems using 
inorganic bases. The most important 
zeolite of this type is zeolite- Y which is the 
cracking catalyst used in most oil refiner- 
ies. Much of the technology behind the 
use of this catalyst has been concerned 
with the inability to synthesize this 
framework with Si/Al ratios in excess of 3, 
and catalyst manufacturers have put con- 
siderable effort into reducing the Al con- 
tent to enhance its thermal stability while 
retaining catalytic activity. If the direct 
synthesis of a silica-rich form of zeolite-Y 
could be achieved using an organic solvent 
or an organic solvent plus a large organic 
templating ion, the problems associated 
with the production of dealuminated 
zeolite-Y could be eliminated, although 
the process might turn out to be costly. | 
Silica-sodalite and its silica-rich alumino- 
silicate forms are not particularly useful 
as catalysts, as the ‘windows’ controlling 
access to the channel network of the soda- 
lite structure are too small. With a free dı- 
ameter of ~0.21 nm they allow only rapid 





ingress of water molecules and some 
small, not too highly hydrated, cations 
But these materials have great importance 
from the point of view of fundamental 
physical chemistry. First, silicalite-1 has 
been shown to be hydrophobic in nature. 
The sorption of water is very limited com- 
pared with its sorption capacity for or- 
ganic molecules, such as hydrocarbons. 
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Comparison of the sorption of water in 
silica-sodalite with its different pore-size 
characteristics with that in silicalite-1, 
which has two sets of channels, may lead 
to a better understanding of the reasons 
for the lack of hydrogen-bonding that 
must occur between water molecules 
sorbed in the silicalite-1 framework. 
Second, since Engelhardt et al.* mtro- 
duced solid-state magic-angle spinning 
NMR (MASNMR) six years ‘ago, our 


knowledge of zeolite frameworks and the ` 


distribution of Al in these frameworks has 
been greatly enhanced. It is now appar- 
ent, however, that the complete analysis 
of these NMR spectra for structures thaf 
are not cubic and that contain more than 
one type of tetrahedral Si/AI site can only 
be accomplished if the spectrum of the 
pure silica form of the framework is 
available. Some success in producing pure 
silica frameworks has been achieved by 
dealumination of the aluminosilicate 
zeolites, but the process involves the 
annealing of many vacancies in the 
framework produced by the removal of Al 


atoms; it leaves material containing meso- ' 


$ 
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pores that must result in consıderable lat- 
tice strain energy. The direct synthesis of 
some of these pure silica frameworks 
using organic solvents would enable a 
considerable advance in our use of 
MASNMR. 

The spectra which have been published 
to date suggest that a simple relationship 
between Si-O-Si bond angles and chem- 
ical shifts must exist. We await the pro- 
duction of ‘good pure-silica framework 
crystals for the complementary X-ray and 
MASNMR studies required to establish 
this relationship. Such basic knowledge 
would be of immense significance in 
advancing our ‘understanding of the 


chemistry of zeolites and other alumino- _ 


silicates. j oO 
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Particle physics 


The search for truth at Bari 


from David J. Miller 


Two kinns of ‘truth’ provided the major 
questions at the Ban High-Energy Physics 
conference*. Most interest was generated 
by the new ‘Theory of Everything’ — the 
superstring theory. It is a profound and 
beautiful piece of mathematics, but is it 
true? Observation of the ‘truth’ or ‘top’ 
quantum number is still not confirmed by 
experimenters at the CERN proton- anti- 
proton collider. There were also useful 
warnings about ideas for future acceler- 
ators, three counter-results to a recent 
measurement of a large mass for electron- 
neutrinos, scepticism about the neutrinos 
which may be coming from Cyg X3, 
and a lot of sound data that reinforces 
the standard model of strong (quantum 
chromodynamics) and electroweak inter- 
actions with three generations of quarks, 
charged leptons and neutrinos. 

A number of results reported from the 
CERN collider by the UA1 and UA2 exp- 
erimental collaborators last year (see 
Nature News and Views 311, 210; 1984) 
have not been confirmed by the new data. 
The identification of top or truth is par- 
ticularly important because its is the only 
quark missing from the three generations. 
The UAI experimenters do indeed have 
more events in the kinematic region where 
they claimed to find the signal for a W* 
boson decaying to top and antibottom 
quarks In fact, they have too many 
events. There might be additional direct 


* International Europhysics Conference on High-Energ 
Physics organized by the European Physical Society, Bart. 
Italy, 18-24 July 198 


production of top—antitop pairs but if so, 
why do all of the events cluster close to the 
W* mass? L. DiLella (CERN), a member 
of UA2, reminded us that they still have 
not seen any, convincing top-quark signal, 
and suggested that the current upgrading 
of both the detectors will help them sort 
out what is happening. A more secure, 
and very important, result is a measure- 
ment of the width of the Z° boson. Com- 
bining UAI and UAZ results, it has been 
possible to use this width to put a limit of 
2-4 on the number of extra generations 
of light neutrino, beyond the three of 
the standard model, with 90 per cent 
confidence (experimental) and with a 
theoretical uncertainty of +1. 


It was difficult to get the particle theor-. 


ists to talk about anything else but super- 
string theory. There is still a lot of work to 
be done according to M. Green (Queen 


‘Mary College, London), one of its invent- 


ors, but it has already been successful in 
overcoming the problem of anomalies at 
the Planck scale, where all previous 
attempts at a quantum theory of gravity 
have failed. Its fundamental symmetry is 
that of vibrating strings in a ten-dimen- 
sional space. Six of these dimensions have 
to be curled up to regain four-dimen- 
sional world, but there should then be no 
free parameters. The arbitrary features of 
the standard model, such as the number of 
generations, fermion and boson masses, 
should all be determined by the properties 
of the Calabi-Yao manifolds in the six 
curled-up dimensions. Unfortunately, 


NATURE VOL 317 12 SEPTEMBER 1985 


there are ten thousand Calabi-Yao mani- 
folds, and it 1s taking a little while to pick 
the one that corresponds to the properties 
of the particles we know. But when it is 
picked, as one theoretician pointed out, 
experimental particle physicists may all be 
able to retire. 

Experimenters, used to the rapid 
appearance and disappearance of 
ambitious theories, were more concerned 
with immediately testable predictions. So 
far, the only predictions are the same as 
those of supersymmetry, which is 
contained within superstring theory, but 
despite searches for supersymmetric 
effects nothing definite has been seen. 

The sure way to find out what lies be- 
yond the standard model is to raise the ex- 
perimental energy into the region where 
the Higgs fields, or their supersymmetric 
equivalents, must become accessible. A 
number of speakers, notably J. Lawson 
(Rutherford Appleton Laboratory), 
demonstrated that hard and calculable 
limits exist to what can be achieved by any 
accelerating device. To use the high elec- 
tric fields that might be avaiiable from a 
‘wake-field’ or a ‘beat-wave’ accelerator, 
it will be necessary to develop new beam- 
focusing techniques, more efficient lasers 
or radio-frequency cavities and much 
brighter particle sources than are now 
available. What is needed is a fundamen- 
tal development — like the discoveries 
of strong-focusing or stochastic cooling. 
Fundamental problems in a colliding- 
beam machine include ‘beamstrahlung’, 
the energy loss of particles in one bunch 
due to the collective magnetic field of 
the opposed bunch. There is a possibility 
of overcoming this for the majority of 
particles in each bunch by using quantum 
effects, but only if the beam bunches are 
less than a micrometer long and a few 
angstroms across. No one yet knows how 
to make such tiny beams. 

The Kendrew report on high-energy 
particle physics in the United Kingdom 
was debated briefly. The suggestion that 
particle physicists should collaborate more 
with industry and with other sciences 
was well received, and in the accelerator 
and detector sessions many examples of 
such collaboration were reported—such 
as the phototriodes developed by the 
Rutherford Appleton Laboratory ın col- 
laboration with Philips. Kendrew’s nega- 
tive conclusions about the rate of expend- 
iture on the field were thought not to have 
had too much influence outside Britain, 
although in hs final review talk A. 
deRujula (CERN), commenting on the 
apparent rapid reduction in flux of 
the pulsed gamma-ray source in Cyg X3, 
suggested that the ‘Galactobritannic 
Empire’ had decided to close down the 
accelerator, just as we thought we might 
be detecting its neutrino beam. 


David J. Muller is in the Department of Physics 
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Conservation biology. 
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A discipline with a time limit 


from Jared M. Diamond and Robert M. May 


CONSERVATION biologists have long been 
seeking to apply basic research techniques 
to environmental problems. Their prog- 
ress in this direction was the subject of a 
recent meeting*, soon to be published '. 

To show the scale of problems facing 
conservation biologists, Norman Myers 
reviewed the status of primary tropical 
rain forests. This type of habitat accounts 
for only 7 per cent of the Earth’s surface 
but at least 50 per cent (possibly much 
higher) of its species and about 70-90 per 
cent of present-day extinctions. The 
remaining tropical rain forest, about 9 
million km’, is being destroyed at an 
accelerating rate that may exceed 200,000 
km’ (an area exceeding that of the United 
Kingdom) each year. 

This destruction 1s caused mainly by 
small-scale subsistence agriculture, com- 
mercial logging and large-scale commer- 
cial ranching. During the next five years, 
three isolated rain forests with high hu- 
man population density, a large number of 
endemic species and over 100,000 species 
altogether will probably be destroyed 
completely: the rainforests of Madagas- 
car, Ecuador’s Pacific coast and Brazil’s 
Atlantic coast. Within the next 10 -15 
years distinctive rainforests in Central 
America, Southeast Asia, West Africa, 
the Himalayan foothills and Pacific islands 
will have largely disappeared, accounting 
for another 1 million km’ and half a mil- 
lion species lost. In sixty years’ time, only 
the Congo Basin and Western Amazonia 
will support extensive rain forests. Alwyn 
Genry (Missouri Botanical Gardens, St 
Louis) described how the recent biological 
exploration of Ecuador’s isolated Cen- 
tinela ridge revealed up to 90 new plant 
species confined to that ridge. But the 
ridge today has had its forest completely 
cut, and the species are gone. Thus, the 
present generation may well be the last to 
live in a species-rich world. 

To reduce this extinction wave requires 
not only political clout but also biological 
understanding. Governments will provide 
some support for conservation, but not 
enough to save everything How can this 
support best be used? The conference 
illustrated a wide spectrum of approaches, 
from detailed single-species studies to 
broad biogeographical approaches. 

At one extreme, detailed discussion of 
the effects of inbreeding — which must 
always be a worry when dealing with small 
populations in zoos or reserves — took 
place against the background of a review 
by Kathy Ralls (National Zoo, Washing- 
ton DC), Paul Harvey and Anna Marie 
Lyles (Princeton University) of evidence 


*The 1985 sympostum on conservation biology was held at the 
University af Michigan, USA from May 5-8 1985 


that inbreeding does indeed depress re- 
productive success. Alan Templeton 
(Washington University, St Louis) de- 
scribed intensive studies that focus on the 
extent to which the amount of genetic 
variability within a particular target 
population or species may be manipu- 
lated. For example, all the extant Speke’s 
gazelles in zoos derive from one male and 
three females; the current concern is to 
minimize the degree of inbreeding by 
careful design of the mating programme. 
Another study dealt with reintroduct- 
ion of a particular lizard species into scat- 
tered and isolated glades in the Ozark 
Mountains in the United States. Surviving 
populations of this lizard are homozygous 
and distinct in each glade, and a colonizing 
population made up by taking one or two 
lizards from each of several other glades 
tends to exhibit outbreeding depression in 
the short run, as the relatively successful 
homozygous gene complexes are reshuff- 
led. Arguing from laboratory studies on 
Drosphilia, Templeton suggested that, 
provided the introduced populations can 
be maintained for the first few generations 
of rearrangement of the gene pool, the 
long-term prospects were likely to be 
good, with the eventually heterozygous 
populations of lizards having higher aver- 
age fitness than the homogeneous isolates 
from which they were constituted. In the 
very long run, of course, these new iso- 
lated populations would probably lose 
their heterozygosity, with genetic drift in 
small populations leading to the kind of 
homozygosity found in the currently ex- 
isting populations. In summary, although 
inbreeding is a problem for many con- 


servation programmes, careful design 


(often using information gathered by 
modern molecular techniques) may often 
be able to solve these problems. 

At the opposite extreme, the critical 
biological information required to design 
the national park system for the Inan Jaya 
province of Indonesia (West New Guinea) 
has been gross and biogeographical: what 
areas habour distinct sets of species? 
Given the government’s intention to 
divide the province into conservation 
areas, timber or mining leases and popula- 
tion resettlement areas, biologists had to 
give advice immediately, based on what- 
ever knowledge was already available. 
Detailed information about habits of 
thousands of species in each conservation 
area was superfluous. Indeed, the Kuma- 
wa Mountains were recommeded as a re- 
serve before any biologist had even been 
there, or before the occurrence of any par- 
ticular species there had been recorded. 
The decision was instead based simply on 
their location and the consequent expec- 


il 


tation (later proved correct) that they 
harboured endemic species 

Habitat fragmentation 1s the result of 
destructive processes which reduce total 
area and split the remaining habitat into 
isolated small pieces. This constititutes 
the main threat to species in the temperate 
zones today. Its importance has also 
been demonstrated by the World Wildlife 
Fund’s minimum area project in Amazo- 
nian tropical rain forest, where extinctions 
can be documented within a year of frag- 
mentation’. David Wilcove (Princeton 
University) and Thomas Lovejoy (World 
Wildlife Fund) discussed at least five 
proximate mechanisms that can cause 
such extinction: 

(1) Species requiring big territories, 
such as large predators, disappear from 
fragments smaller than one territory. 

(2) Loss of habitat heterogeneity in 
small fragments eliminates habitat spec- 
ialists and species dependent on several 
habitats. According to the estimates of 
Steven Hubbell (University of Iowa), one- 
quarter of the tree species of Panama’s 
Barro Colorado reserve are ‘subsidized’ 
by surrounding similar forests and would 
disappear (by virtue of these first two 
mechanisms) if that surrounding forest 
were cut down. 

(3) Species found ın surrounding but 
contrasting habitats, such as predators 
and nest parasites, may harm species near 
the edge of the enclosed habitat — the 
smaller the habitat area, thè larger the 
edge-to-area ratio, and the more signifi- 
cant these effects become. For instance, 
by placing artificial nests with fresh quail 
eggs in woodlots of various sizes, Wilcove 
documented up to 95 per cent predation 
on nests in the smallest lots as opposed to 
only 2 per cent in the largest lots’. 

(4) Other edge effects such as changes 
in humidity and temperature cause in- 
creased tree mortality, leaf-fall and other 
changes in forest fragments. 

(5) Extinctions from any of these four 
factors cause secondary extinctions, such 
as the chain of events leading from the 
arrival of myxomatosis ın Britain to the 
extinction of the Large Blue butterfly’. 

John Terborgh (Princeton University) 
has studied mammalian frugivores in the 
Peruvian rain forest and illustrated how 
basic biological studies may help to 
promote compromises between economic 
development and conservation. Fruit 
production in the Manu National Park 
exhibits 20-fold seasonal vanation. For 
9 months, more fruit grows than can be 
consumed by the community of frugivor- 
ous mammals and birds (40 per cent of 
which, by weight, are primates in this un- 
disturbed region). The shorter dry season 
is a period of fruit scarcity, however, 
during which 80 per cent of the animal 
biomass is sustained by fruit from only 10 
‘keystone plant species’, comprising less 
than 1 per cent of the plant species in the 
area.- These crucial resources are palm 
nuts, figs, and nectar. The usual forestry 
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practıce in the tropics is to clear-cut rain 
forest and to plant exotic commercial tim- 
ber species that do not support fruit-eating 
mammals. Instead, as a few plant species 
control mammal population densities, 
Terborgh suggests mixed silviculture: har- 
vest some of the trees that produce excess 
fruit in the wet season, replace them with 
commercial timber species and maintain 
the keystone tree species. 

Perhaps the most important conclusion 
of the conference had to do with the 
changing needs of population biology and 
conservation biology since the last confer- 
ence in 1978 (ref 5). Population biology 
(including ecology, evolutionary biology, 
systematics and biogeography) is a basic 
science, which stands in the same relation 
to the applied sciences of restoration ecol- 
ogy and conservation biology as molecular 
and cellular biology stands to medicine’. 
There is a big communications gap be- 
tween basic population biologists and land 
managers, and little organized or financial 
support to close this gap. Government 
agencies responsible for land manage- 
ment are forced to spend their limited 
funds on crisis control, rather than on 
closing this gap or on basic studies. 

Although little tıme is available to close 
the gap — many of the species that we 
want to conserve will be extinct within five 
years — and conservation biology is the 
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sole field of biological study with such a 
time limit, the National Science Founda- 
tion (NSF) has no panel, research grants 
or traineeships in conservation biology; 
universities have no departments and few 
courses in the subject. The basic science of 
population biology on which conservation 
biology depends is starved for support — 
the NSF panel on ecology and systematics 
has an annual grants budget of about 3 
million dollars, compared with the 
National Institutes of Health annual 
budget of over 4,000 million dollars for 
medical research. It is as if we were to 
approach human health problems without 
medical schools, with minute support for 
basic research in molecular and cellular 
biology and without organizations to 
foster communication between the few 
remaining molecular biologists and 
physicians. g 
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Material sciences 


Searching for supermagnets 


from Robert W. Cahn 


Lopesrones have long been superseded 
by increasingly esoteric compounds in the 
search for magnetic power. The latest 
novelty 1s a class of Fe-Nd-B compounds 
which form the most powerful permanent 
magnets yet created. The performance of 
these is based on the tetragonal material 
Nd,Fe „B which, since its identification in 
late 1983, has been the subject of over a 
hundred papers. There has never before 
been a comparable worldwide burst 
of effort to produce, understand and 
improve anew magnetic material. 

As described by Robinson’, the starting 
point was work done in 1973 by Arthur 
Clark of the US Navy. The issue was how 
to improve on the then best available 
magnets, Sm.Co and Sm,Co,,. The basis of 
such magnets is that the rare-earth metal 
provides high crystal anisotropy and there- 
fore high coercivity, while the transition 
metal raises the Curie temperature high 
enough to avoid restrictions on use. 
Attempts to replace cobalt with iron in the 
hope of enhancing the magnetization 
without sacrificing coercivity were gener- 
_ally unimpressive, but RFe, (where R= 
Tb, Dy or Sm) compounds were much 
better, provided they were prepared by 
making and then crystallizing a glassy 
structure. Evaporation was in due course 


replaced by melt-spinning a jet of molten 
metal against a spinning copper wheel, 
using boron to stabilize a glassy structure. 
By the beginning of 1983 Fe-Tb-La-B and 
Fe-Nb-B ribbons had been prepared ex- 
hibiting high coercivity — the source of 
which was a mystery. Then it was dis- 
covered that the X-ray diffraction patterns 
from melt-spun and annealed Fe-Pr-B-Si 
ribbon showed a previously unknown 
phase, identical with one which had been 
observed, but not analysed, in 1979 in the 
Fe-Nd-B system; within a few months this 
phase was identified as Nd,Fe,,B and its 
structure determined”, 

In June 1983, the Japanese company 
Sumitomo announced the production of 
Fe-Nd-B permanent magnets by the 
straightforward sintering route which 
works so well for the Co-Sm magnets, 
though for the new material the heat- 
treatment after sintering is critical. The 
compositions of both the sintered and the 
melt-spun versions of Fe-Nd-B have to be 
displaced from Nd,Fe,,B stoichiometry for 
best magnetic properties, though the 
displacements different for the two prod- 
uction routes. To summarize a great deal 
of research published since mid-1983, the 
compositional displacements seem to be 
needed to permit other, ultrafine, phases, 
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both magnetic (a-Fe) and non-magnetic 
(Fe,NdB, and a Nd-rich phase) to precipi- 
tate at the boundaries of the Nd,Fe,,B 
grains. This adds the effects of domain- 
wall pinning to the large magnetocrystal- 
line anisotropy of the main phase. 

For sintered magnets, domain-wall pin- 
ning 1s certainly crucial, since the grain 
size (5-15 um) is much larger than the 0.3 
pm diameter calculated as the ‘single- 
domain particle diameter’, D.. However, 
for the melt-spun material (which, it 
seems, always passes through the glassy 
phase at some point in the process) the 
grain size, controlled by the quench rate, 
that gives optimum properties is 20-80 
nm, considerably smaller than D.. But 
the recognized experts on the rapid- 
quenching route at General Motors are 
convinced that the optimum grain size is in 
some way connected with the achieve- 
ment of single-domain morphology, in 
spite of the mismatch with D.. The rela- 
tion between microstructure and magnetic 
properties was thoroughly analysed in 
a very up-to-date review by J.D. Living- 
ston? presented at a recent meeting 
on rare-earth magnets*, and also in a 
paper by Hadyjipanayis and colleagues’, 
first presented at the November 1984 
‘3M’ conference, at which the Japanese 
also gave an account of their sintered 
Fe-Nd-B material’ 

Since their original account® in early 
1984, the General Motors team have 
said little, but very recently Lee has 
published an account of the last year’s 
developments’. One of the weaknesses 
of the melt-spun material (whether dis- 
persed in a non-magnetic matrix or hot- 
pressed) has been its magnetic isotropy. 
Now, by die-upsetting (a process in which 
transverse plastic deformation is allowed) 
following hot-pressing, strongly aniso- 
tropic material can be prepared, with a 
much enhanced level of residual magnet- 
ization. The fact that Nd,Fe,,B turns out to 
be plastic at 700°C is one of the many 
surprising features of this compound. 

European physicists and metallurgists 


*8th International Workshop on Rare-Earth Magnets and their 


Applications, incorporating the 4th International Symposium 
on Magnetic Anisotropy and Coercivity in Rare-Earth— Transi- 
tion Metal Alloys, University of Dayton, Ohio, 6-9 May 1985 
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have not been left out of this new field, 
on the evidence of the proceedings, only 
recently available, of a one-day ‘workshop 
meeting’ held in Brussels on 25 October 
1984’. The influence of economics and the 
supply position is particularly clearly set 
out in this report — the relative scarcity of 
both cobalt and samarium stimulated the 
search for alternatives to Co-Sm magnets 
— and it is clear that neodymium, the 
most plentiful of the ‘rare’ earths, is not 
rare at all, being more abundant than 
lead. Perversely, the most serious practi- 
cal difficulty with Nd.Fe,,B — the low 
Curie temperature, T. — can be readily 
overcome by adding cobalt. Of course, 
not only does this imply a renewed 
dependence on scarce cobalt supplies, but 
it also lowers the saturation magnet- 
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#“Nd-Fe Permanent Magnets — Their Present and Future 
Applications”. 25 October 1984. Held at the Commission of the 
European Communities. Brussels, Report obtainable from Dr 
I.V, Mitchell, CEC, Brussels. 


Muscle contraction 





NEWS AND VIEWS 


ization. An intriguing. alternative 
that may have industrial potential is to 
raise T. and magnetization by absorbing 
hydrogen into Nd,Fe,,B; Fruchart et 
al." report a T, increase of 87 K. 

Several papers presented at Brussels 
or Dayton dealt with possible applications 
of Fe-Nd-B based magnets, both within 
and outside the motor industry. The size 
of the research programme mounted by 
General Motors is sufficient indication of 
the potential for the use of high-grade 
permanent magnets, and these 
remarkable new materials offer scope for 
both fundamental research into the causes 
of magnetism and for profitable 
development. o 


WN 





Robert W. Cahn, formerly Professor of 
Materials Science at the University of Sussex, is 
currently Visiting Research Fellow at the 
General Electric R & D Center, Schenectady, 
New York 12301, USA. 


Quick-frozen crossbridges 


from Maxine Clarke 


ON PAGE 182 of this issue, S. Tsukita and 
M. Yano publish the first clear electron 
micrographs of crossbridges in contracting 
muscle’. This result has been sought ever 
since the importance of crossbridges in 
force generation was first realized over 20 
years ago. 

In the most widely accepted model of 
muscle contraction, crossbridges (project- 
ions of myosin heads from the thick fila- 
ments of muscle fibres) attach to the inter- 
digitating thin filaments (actin) at right 
angles, then swing round to make an acute 
angle with the thick filament, causing the 
filaments to slide past each other and pro- 
ducing force. This basic mechanism and its 
modification as a result of new evidence 
was discussed recently in these pages’. 

Early work using insect flight muscle 
produced clear electron micrographs of 
crossbridge structure in relaxed and rigor 
(ATP-depleted) fibres. These pictures 
show crossbridges orientated at angles of 
about 90° (relaxed) and 50° (rigor) to the 
thick filament backbone’; the two orienta- 
tions are thought to be equilibrium states 
of resting and maximal force-generating 
crossbridges. 

Attempts to observe crossbridges of 
contracting muscle in the electron micro- 
scope have been much more problematic. 
No clear evidence of their structure has 
been observed until now, probably be- 
cause fixation procedures cause gross dis- 
order of the crossbridge arrangement, and 
preparative methods dehydrate the speci- 
men, so that physiological conditions are 
not preserved in the micrographs. More 
recent efforts to elucidate crossbridge 
structure have therefore concentrated 
on characterization of other equilibrium 
states by the introduction of ATP ana- 


logues, or on the study of isolated thick 
filaments. Recent progress in the latter 
has allowed crossbridges to be discerned 
in three-dimensional reconstructions of 
thick filaments’ (see figure). 

Set against this background, the tech- 
nical achievement of Tsukita and Yano ts 
superb. They have produced electron 
micrographs of contracting mammalian 
skeletal muscle fibres which show that the 
crossbridge arrangement is ordered and 
similar to that in rigor muscle’. The angle 
of crossbridge attachment may be slightly 
nearer to 90° than in rigor, but the data are 





Surface representation of a tarantula muscle 
thick filament. In b the suggested arrangement 
of the myosin heads in the filament is superim- 
posed. The distance between the contour levels 
is 1 nm; scale bar, 10 nm. From ref. 4, with kind 
permission of R. Craig. 
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not yet accurate enough to characterize 
the configuration exactly. 

What accounts for the success of Tsu- 
kita and Yano is, in part, that they have 
rapidly frozen actively contracting muscle 
by dropping the specimens on a copper 
block immersed in liquid helium, a tech- 
nique developed by Heuser’. This process 
takes less than 2 ms, so there is an excel- 
lent chance that the crossbridges are pre- 
served in physiological conditions. Unlike 
conventional electron microscope prepa- 
rative techniques, rapid freezing ensures 
that the specimen is not dehydrated. The 
longitudinal section of muscle examined 
by Tsukita and Yano are only 15 nm thick, 
enabling a single layer of thick and thin 
filaments to be visualized. 

More detailed information about cross- 
bridge behaviour can be obtained by ana- 
lysing optical diffraction patterns from 
slightly thicker sections of muscle fibres. 
Diffraction patterns of muscle fibres show 
a characteristic layer-line structure which 
arises from the helical periodicities of the 
thick (myosin) and thin (actin) filaments. 
In relaxed muscle, the myosin-based pat- 
tern is strong whereas in rigor the actin- 
based pattern dominates. The 14.3 nm 
reflection, strong in relaxed muscle, mea- 
sures the crossbridge repeat with respect 
to their thick filament origin; the 37 nm 
reflection, strong in rigor muscle, mea- 
sures the crossover repeat of the actin 
filament double helix. In X-ray diffrac- 
tion patterns of contracting vertebrate 
muscle, most of the actin-based pattern 
disappears, which is not what the cross- 
bridge theory predicts, but recently an en- 
hancement of the intensity of the 5.9 nm 
actin reflection has been discerned”’. This 
is consistent with at least some ordered 
attachment during contraction, as de- 
manded by the theory, but reflections 
from other actin-based layer lines still only 
provide support for the attachment of 
20 per cent of the crossbridges, at most’. 
Equatorial reflections, which measure the 
transverse spacing between the filaments, 
clearly show that the bulk of the mass of 
the crossbridges is near the thin filaments 
in contracting muscle. 

Optical diffraction patterns obtained by 
Tuskita and Yano from contracting mus- 
cle clearly show the 14.3 and 37 nm reflec- 
tions. The authors interpret the strong 37 
nm reflection to mean that most of the 
crossbridges are arrayed along the actin 
filaments, but the enhanced 14.3 nm re- 
flection relative to rigor shows that the 
two states are not identical, contracting 
muscles having a larger thick filament- 
related component. The 37 nm reflection 
has not been reported in X-ray diffraction 
patterns. A reason for this could be that in 
frog muscle there is some ‘smearing’ of the 
myosin-based 42.9 nm reflection which 
obscures an enhanced 37 nm intensity. 

Tsukita and Yano’s highly ordered pic- 
tures of contracting crossbridges are con- 
sistent with the mechanical properties of 
contracting frog muscle. Stiffness, a para- 






meter that measures the number of 
attached crossbridges, is high both in rigor 
o andin contracting muscle’. 

Now that force-generating crossbridges 
~ have been seen, Tsukita and Yano can 
investigate further whether the stucture of 
_ these crossbridges is similar to rigor or 
whether a distinct configuration can be 
characterized as the measurement techni- 
que is improved. One way to examine 
active crossbridges is to use techniques 
developed by Reedy and colleagues" to 
obtain a three-dimensional picture of the 
.  crossbridge by tilting the electron micro- 
graphs and analysing the differently 
=: angled views of the section. In addition, 
_ the stucture of the crossbridges can be 
~ compared with their predicted orientation 










calculated from X-ray diffraction pat- 
terns. These techniques should soon allow 
a detailed view of the molecules 
responsible for producing force. ae 
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| Ionospheric physics 


How to make a long antenna 


from M.J. Rycroft 


Men have long felt the need to communi- 
cate with others around the world. New 
types of transmitting antennas are now 
becoming available for global com- 
munications, some of which are so uncon- 
ventional that electrical engineers might 
not even recognize them as such. Ideally, 
the antenna has to be of the same order of 
size as the wavelength of the radio signal 
being transmitted. For signals in the 
extremely low frequency band (ELF, 

3. +3,000 Hz), which is used for communi- 

cating around the world and with sub- 

marines, this means that the antenna has 

to be extremely large, between 100,000 

and 100 km. One solution is to use the 

Earth’s atmosphere itself as an antenna. 

On page 155 of this issue, Barr et al. pre- 

sent the first quantitative results from a 

system that causes the ionosphere to act 

as an ELF transmitter by modulating 
the conductivity of the polar electrojet. 
... The lowest frequencies are chosen for 
radio signals when the data rate is low and 
-when communication is required over 
© dong distances or under the sea. At ELF, 
=: the skin depth is largest, enabling radio 
- waves to be received on submarines (D. 
< Lilanwyn Jones, New Scient. 4 July 1985, 
_ 37). A transmitter in Wisconsin uses a sys- 
- tem of frequency modulation centred on 
76 Hz for world-wide communication with 
submarines. Although the efficiency of 
such transmitters is low, ~2x 10°, the low 
aticnustion rate of signals propagating in 
the Earth-ionosphere waveguide, about 
1.5 dB/Mm (thousand km) at this frequen- 
cy, enables even a relatively weak signal 
to be received anywhere on the surface of 
the Earth. 

Wires long enough to act as transmitters 
for ELF signals do exist. In industrialized 
countries, power stations generating hun- 
dreds of MW serve an electrical grid 
system which covers an enormous geo- 
graphical area. Such conductors, which 








} 
| 
| 
| 
are typically 1 Mm long, are effective 
radiators of the fundamental AC (50 or 60 | 
Hz) power signal. Its higher frequency 
harmonics extend into the VLF band 
(3-30 kHz), and propagate through the 
ionosphere. They are guided into the 
opposite hemisphere along geomagnetic 
field-aligned ducts of enhanced plasma 
density, which can be received as 
whistlers; these provide useful diagno- 
stics of the plasma distribution in the | 
magnetosphere. 

Nature provides, gratis, power sources | 
that are even larger than man can pro- 
duce. The auroral electrojet current is a | 
~10°MW system driven by the solar wind | 
flowing past the geomagnetic field via 
geomagnetically field-aligned currents 
(Birkeland currents). This essentially DC 
current flows in the ionosphere at a height 
near 100 km around the auroral oval. The 
auroral oval is a ring around the 
geomagnetic pole, normally near 67° 
geomagnetic latitude, where the ionos- 
pheric conductivity is enhanced by the 
precipitation of keV electrons that pro- | 
duce secondary ionization. These elec- 
trons also excite the molecules and atoms 
of the tenous uppermost atmosphere to | 
produce their characteristic optical radia- 
tion — the aurora. The atmosphere at 
these heights is heated, typically by 100 K, 
by ohmic dissipation of the ionospheric 
auroral electrojet currents. 

The theoretical (Gurevich, A.V. Non- 
linear Phenomena in the lonosphere, 
Springer, Berlin; 1978) and experimental 
(for example, Cannon, P.S. J. atmos. terr. 
Phys. 44, 819; 1982) investigation of the | 
AC modulation of the strength of these | 
ionospheric currents is relatively new. The 
amplitude-modulated electrojet current 
radiates AC signals both down to the | 
Earth’s surface and out into the magneto- 
sphere. Ionospheric conductivity may be | 
modulated naturally, for example by | 
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modulating the flux or energy of the au- 
roral electrons during a pulsating auroral 
event or by pulsations of the geomagnetic 
field. It may also be artificially modulated 
by man-made radio signals such as the 
VLF Omega signals between 10 and 14 
kHz used for long range navigation, or 
signals from low or medium frequency 
radio transmitters (see Cannon, P.S., 
‘Turunen, T.& Rycroft, M.J. J. atmos. 
terr. Phys. 44, 831;1982). It can also be 
achieved by using an HF transmitter, 
purpose-built at high latitudes, that acts as 
an ionospheric heater. All these examples 
are believed to be explained by a non- 
linear plasma physics mechanism: the 
energy of the incident radio wave heats 
the ionosphere and increases the electron 
temperature, thereby causing a mod- 
ulated variation of the collision frequency 
between ionospheric electrons and neut- 
ral atoms. This, in turn, causes an AC 
variation of the ionospheric conductivity. 
In the presence of the large ambient DC 
current — measuring millions of amps — 
this current is also modulated. As a result, 
it acts as an enormous transmitting anten- 
na placed in the lower ionosphere. 

The new results reported by Barr et al. 
derive from operating an ionospheric heat- 
er, a transmitter radiating at 2.7 MHz, 
which is amplitude-modulated at ELF, 
near | kHz. Situated at Tromsø, Northern 
Norway, it lies below the auroral elec- 
trojet. Measurements of the signal at the 
frequency of the amplitude modulation 
were made nearby, and also at distances of 
some 200 and 550 km. This ELF signal is 
produced in the ionosphere, by modulat- 
ing the conductivity of the auroral elec- 
trojet, which acts as a large transmitting 
antenna effectively exciting the Earth- 
ionosphere waveguide. The temporal 
variability of these signals, observed at the 
two remote sites, is somewhat similar, so 
that variations in the strength of the 
source, rather than variations in the prop- 
agation conditions, are needed to explain 
the variability. The variations are found to 
be partly associated with variations in the 
geomagnetic activity with which the elec- 
trojet itself is associated. The efficiency of 
this antenna, in terms of the radiated ELF 
power in relation to the power of the high 
frequency (HF) heater, lies between 10°" 
and 2x10. The derived attenuation rate 
for ELF propagation in the Earth- 
ionosphere waveguide is 5-30 dB/Mm. 

Another recent paper (Papadopoulos, 
K. & Chang, C.L. Geophys. Res. Lett. 
12, 279; 1985) shows that amplitude- 
modulated HF heating of the ionospheric 
E region can produce ULF/ELF signals. 
These signals are considered to be associ- 
ated with the spontaneous generation of 
alternating magnetic fields caused by the 
coupling of the ‘hot-spot’ temperature 
gradient to the ambient ionospheric 
plasma-density gradient. This mechanism, 
which will be effective in the absence of 
large ionospheric currents, is considered 
theoretically to have an efficiency of 10°. 
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For the future. there is much to be done 

in improving our understanding of both 
>the plasma physics and the conditions 
under which such amplitude-modulated 
signals may be broadcast by the iono- 

= sphere. A further type of experiment in a 
related field involves the space shuttle. An 
instrumented package of about 1.5 m dia- 

= meter can be tethered to the shuttle by a 
conducting wire some 20 km long, which is 
-deployed from a Spacelab pallet mounted 
on the shuttle. The long wire antenna 
could act as a transmitter of waves with 







-Ocean Drilling Program 


Evolution of a aniy margin 


from the Leg 103 shipboard scientific party” 


~ Lee 103 of the Ocean Drilling Program 
was devoted to unravelling the tectonic 
and sedimentary evolution of the Atlantic 
margin of the Iberian Peninsula. The 
transect of five sites, with a total of 14 drill 
holes, at the seaward edge of the Galician 
margin revealed a complex history of sub- 
sidence and rifting preceding the initiation 
of seafloor spreading between Newfound- 
land and Iberia. The drilling encountered 
a great variety of sedimentary rock types, 
in addition to a suite of volcanic and 
metamorphic rocks. Several unexpected 
discoveries illustrate the importance of 
obtaining data by deep drilling to provide 
constraints for geophysical models of the 

rifting process. 

‘The main findings include the follow- 
ing: (1) aridge of material of mantle com- 
position is located near the boundary 
between oceanic and continental crust, 
(2) the ‘basement seismic reflector’ be- 
neath several tilted continental blocks is 
formed by a Mesozoic shallow-water car- 
bonate platform, (3) platform drowning, 
tilting of fault blocks and rapid subsidence 
preceded the first formation of oceanic 
crust by as much as 25 million years, 
(4) there was abundant influx of ter- 
rigenous calstic sediments to deep-water 
submarine fans during the early stages of 
rifting, and (5) the seismic reflector does 
not, as widely believed, represent a 
ductile—brittle boundary within the con- 
tinental crust but is instead a reflector at 
the base of the sediments deposited during 
the rifting stage. 

It is debatable whether genuine con- 
tinental basement was drilled during the 
leg. The oldest rocks recovered at the base 
of the main site are several types of slightly 
metamorphosed sedimentary and volcan- 


ic rocks, but these are interpreted either — 


as a basal conglomerate or scree on a base- 
ment subcrop beneath Cenozoic and 

_.. Mesozoic sediments, or perhaps as in situ 
volcanic rock, forming part of the base- 
-ment. It was not possible to drill deeper to 
plore the geology of the basement. The 
- apparent absence of sedimentary rocks 
older than late Jurassic (about 150 million | 






eee NEW SAND VIEW Oso 2 = 
frequencies ranging from ULF to VLF 


when an electron gun operating on the 


space shuttle itself is switched on and off at 


such frequencies. NASA is planning to | 


test this concept in a few years. This excit- 
ing experiment, which should produce 
observable effects both on the ground 
and in the magnetosphere, is just one of 
several possible uses of a sub-satellite 
tethered to the space shuttle. L] 


M.J. Rycroft is Head of the Atmospheric Scien- 
ces Division, British Antarctic Survey, NERC, 
Madingley Road, Cambridge CB. 30ET, UK. 
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years before present) contrasts with the 
thick marine and clastic deposits in basins 
in Portugal and off Newfoundland, which 
record pulses of subsidence and rifting 
beginning in the Triassic (230 Myr). 

A shelf and carbonate platform en- 
vironment prevailed at the site of the 
future margin during the late Jurassic 
and earliest Cretaceous (150 -140 Myr). 
Approximately 400 m of limestone were 
deposited, of which the upper part is ex- 
tensively altered to dolomite. The top of 
the well-cemented carbonates forms a 
prominent seismic reflector which effect- 
ively conceals the deeper strata and base- 
ment on seismic reflection profiles. This 
seismic reflector had earlier been inter- 
preted as ‘basement’. Near the foot of the 
margin, a strong, smooth reflector occu- 
pies a similar position beneath the over- 
lying thick sequence of Lower Cretaceous 
turbidites. This reflector has been post- 
ulated to be a brittle—ductile transition 
level or a horizontal shear plane within the 
continental crust, into which the deep 
bounding faults of half-grabens merge. 
The new drillings therefore cast doubt on 
current geophysical models of passive 


rifted margins based on seismic profiles 


in this region and adjacent margins. 


The carbonate platform drowned near 


the beginning of the Valanginian stage 


(135 Myr) is the first episode of rapid | 


subsidence recorded at the drill sites. 


Sediments deposited since this drowning | 
consist of as much as 3 km of pelagic car- | 
bonate and clay, and of several intervals | 


enriched in clastic detritus. In general, 
subsidence was more rapid than sedi- 


mentation; the average depth of the ocean | 


floor at the drill sites is now about 4,500 m. 
Above a thin interval of Lower Valang- 


inian marl, thick wedges of deep-water | 
terrigenous clastics partly filled active | gs3 
fault basins on the margin. The drill ship | 
explored only a thin edge of one of these | __ 
wedges, but the interpretation of seismic | G22: 
profiles shows that in less than 15 million | 
years as much as 1,500 m of sand and silt | 
were deposited in the nearby grabens by | 


turbidity currents and debris flows, 





, perhaps associated with submarine fans. 


marine fan systems have been discovered _ 
by drilling off other North Atlantic” 
margins, although their exact timing and — 
| duration differ from place to place. The 
main episode of terrigenous sand deposi- 
tion at the sites drilled on Leg 103 termin- 
-ated in the early Hauterivian (130: Myr). 
Sediments of late Hauterivian to early 
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The source of this clastic detritus may 
have been Newfoundland, Iberia or an 
unidentified land mass to the north, ora 
combination of these. Many beds are rich _ 
in wood and other terrestrial plant frage 
ments. Similar Early Cretaceous sub- 


Aptian age (130-115 Myr) consist of © 
alternating bioturbated limestone and 


laminated marl—a pelagic facies typical of a z 2 
oceanic sediments of this age throughout 


the North Atlantic. These sediments Eo 


contain abundant slumps, debris flows _ S 


and thin clay-rich turbites, indictive of >= ~ 
slope deposition and synsedimentary 
faulting. The seismic profiles indicate that 
nearby half-grabens underwent deep- 


-ening or sediment filling, or both. 


Seismic and drilling data suggest that 


block faulting began at least as early as the — : 


Valanginian and continued intermittently __ 
until the end of the Aptian. The last. 
intense faulting associated with rifting is = 
tentatively assigned to the latest Aptian —__ 


-(110 Myr). This episode is marked at the 


Leg 103 drill sites by the termination of oe 
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. influx of shallow-water carbonate debris, 
a rapid reduction in the amount of pelagic 
-carbonate and a period of slow or con- 
 densed sedimentation; it is followed by 
: the onset of accumulation of carbonate- 
_ poor bioturbated clay containing organic- 
rich layers (black shales). The event is 
_ marked regionally by a prominent seismic 
_ reflector and local unconformity, and 
seems to coincide with the initiation of 
_ seafloor spreading between Iberia and 
Newfoundland as determined from 
- magnetic anomalies. 
`: Drilling also confirms the presence of 
-serpentinized peridotite, which is 
_ probably altered rock from the upper 
mantle, on a long ridge close to the 
boundary between oceanic and 

= continental crust. This ridge might 
be a fragment of Palaeozoic (300 — 500 
Myr) basement, or it may have 





Supernovae 





Little Bear’s mass loss rate 


from Virginia Trimble 


WHICH STARS explode as supernova, and 
how do they do it? Astronomers have de- 
bated these questions since Walter Baade 
and Fritz Zwicky identified and defined 
supernovae as a distinct astronomical 
phenomenon in 1934’. Three recent cont- 
ributions’* seem to have resolved at least 
one facet of this problem. The current 
consensus is that Tpe 1 (hydrogen free) 
events arise in relatively old, low-mass 
stars and derive’ energy from explosive 
«burning of carbon and oxygen. Type Il 
_ (hydrogen-rich) supernovae, on the other 
hand, end the lives of young, massive 
stars, whose cores collapse to neutron 
_ Star densities or beyond. The light we see 
comes from a shock wave propagating 
_ through many solar masses of hydrogen in 
an envelope 10''~ 10" em.across. Massive 
_ Stars develop such envelopes during their 
_ late. red supergiant evolutionary phases. 
-o Without these envelopes, broad-peaked 
light curves cannot be reproduced by the 
models”. And herein lies the main dis- 
crepancy with the present majority view 
that all or most single and wide binary OB 
stars shed their extended, hydrogen-rich 
_ envelopes, becoming, first, Of stars, and 
then Wolf-Rayet (WR) stars before 
_exploding’”. There could still be enough 
hydrogen (0.1 — 0.3 Ma) to produce the 
spectra: lines we see, but the exploding 
stars wili be compact. As a result, most of 
the shock energy goes into expanding the 
_ star rather than into radiation, yielding a 
very dim supernova. And if there is too 
little hydrogen in the envelope, its recom- 
bination cannot produce the prolonged 
plateau phase seen in most Type III light 
curves. 















from Schild and Maeder, who have 
looked again at the numbers of OB stars 








| 
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The first of the new contributions comes | 


| circumstellar shell. 





been emplaced during the last stages of 
the rifting process as a result of thinning 
of the crust. The changes in sediment- 
ary regime accompanying this rifting are 
very clearly documented by the drilling 
results from Leg 103, which have also 
revealed the hazards of geologic inter- 
pretation based solely on geophysics, C 
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*Co-chiefs scientists: G. Boillot (Univ. Pierre et Marie Curie, 
France} and E. L. Winterer, (Scripps Institution of 
Oceanography). Also L Applegate (Florida State Univ.) M. 
Baituck (Tulane Univ.),J. A. Bergen (Florida State Univ:}, M. 
Comas (Univ. de Granada, apan T. A. Davies (Univ. of 
‘Texas, Austin), K. Dunham (Univ. of Michigan), C. A. Evans 
(Colgate Univ.) J. Girardeau {Institut de Physique du Globe, 
France), D. Goldberg (CLamont-Doherty Geological 
Observatory), J. Haggerty (Univ. of Tulsa}, L. F. Jansa 
(Bedford Institute of Oceanography, Canada). J. A. Johnson 
(Univ. of California, Los Angeles), J. Kasahara (Earthquake 
Research Institute, Univ. of Tokyo), J.-P. Loreau (Museum 
National D’Histoire Naturelle, Paris, France}, E. Luna 
(Hispanoil-Eniepsa, karin Spain}, A. W. 
(ODP Texas A&M Univ.j, Moullade (Univ. de Nice, 
France), J, Ogg (Scripps), M. Sarti (Univ di Ferrara, Italy), J. 
Thurow (Univ. Tubingen, F.R.G), M. W. Williamson 
{Dalhousie Univ.}. 
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versus numbers of WR stars. They con- 
clude that only stars in excess of 18 M, 
give rise to nitrogen-rich WRs and only 
those above 35 M,, make the carbon-rich 
ones. In addition, they find that most 
18 ~ 40 M, stars need never go through a 
WR phase at all. This permits a reasonable 
range of intermediate mass stars to retain 
their extended, hydrogen-rich supergiant 
envelopes and make Type H light curves 
and spectra. One implication is that if the 
progenitor of the Crab Nebula, at 9 + 1 
Ma stripped most of its envelope before 
exploding, it was unusual in doing so. This 
is good; it helps explain the rarity of pure, 
filled-centre remnants, 

Second, Niemala, Ruiz and Phillips’ 
have, through a combination of luck and 
preparedness, managed to catch the Type 
H event 1983k in NGC4699 nearly 10 days 
before maximum light. The pre-maximum 
spectrum. shows N mm and He u emission 
lines superimposed on a strong blue con- 
tinuum, suggesting a progenitor whose 
surface composition resembled that of a 
WR star. Near maximum light the emission 
lines disappear, leaving weak H1, He: and 
Ca n absorption lines. A month after max- 
imum, the spectra are dominated by the 
P Cygni emission lines of H 1 that char- 
acterize normal Type IT supernovae. The 
light curve is also quite normal. The impli- 
cation is that we were seeing, first, emis- 
sion from photospheric material as the 
shock wave emerges from the stellar core, 
then absorption in a normal-composition 
circumstellar envelope (shed by the star 
prior to. core collapse), and finally, emis- 
sion lines from the hydrogen-rich zone 
when the shock reaches and heats it. 
The light curve has a very broad peak, 
implying a very extended, pre-existing 








| NATURE VOL 317 12 SEPTEMBER 1985 


Niemala ¢ et al. conclude that 1983k most 
likely resulted from a massive star that 
retained five or more solar masses of 
hydrogen- rich envelope but had also lost 
1-2 Mo into a circumstellar shell before 
exploding. The surface layers contained 
nitrogen-rich material, but ‘the authors do 
not insist that the star would have looked 
like a WR if observed pre-explosion. They 
consider it equally possible that the WR- 
like lines they see are a result of the phys- 
ical conditions produced by the supernova 
event itself. One last surprise: supernova 
1983k occured 17 (75/H) kpc from the 
centre of its parent galaxy, in projection, 
and well away from any H n regions or 
spiral arms that could be seen in a deep 
charge coupled device plate of the galaxy. 
The progenitor must, therefore, have 
been a runaway star or have been formed 
well away from the usual spiral arm sites. 

The third contribution is from Josef 
Shklovskii, who tied several ideas 
together shortly before his death to pro- 
vide an explanation of the absence of 
Type I supernovae in Magellanic irreg- 
ulat galaxies’. This absence has long been 

a puzzle, because these galaxies are the 
richest of all in gas and young stars. Yet 
only Type I supernovae have been det- 
ected in them. Shklovskii’s explanation is 
that massive stars in these galaxies never 
develop the extended stellar or circum- 
stellar envelopes needed to make Type II 
light curves as a direct result of their low 
metal abundances. Radiation passing 
through a star needs the absorption lines 
of heavy elements in order to transfer 
momentum to the outer layers and drive 
them off in a wind. Thus, massive stars in 
irregular galaxies never expand properly 
and, like stars that have been completely 
stripped, produce very dim supernovae. 
Shklovskii noted the progenitor of Cas A 
as a possible example of nonexpansion 
in our own Galaxy. I suspect complete 
stripping is also a possible interpretation 
for the faintness of that explosion: 

The net conclusion we can draw from 
these studies” is that the ideal Type II 
progenitor must have just the right 
amount of mass loss. Such stars occur in 
the Milky Way, NGC4699, and other spir- 
al galaxies, but do not occur in elliptical or 
irregular galaxies. C] 
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This book charts the progress of drug discovery from the early 
days to the present, linking seemingly fragmented and 
‘unconnected findings to furnish a complete and unique 
perspective on the evolution of modern medicines. It offers a 
lively, highly readable account of an intriguing subject, 
encompassing a vast field of knowledge in a succinct and 
comprehensive manner so as to impart something of the 
excitement and drama that must have accompanied each new 
discovery. The aim of the book, has been to create a wider 





RENAL HETEROGENEITY AND TARGET 
CELL TOXICITY 


edited by P.H. Bach, The Robens Institute of Industrial and 
Environmental Health and Safety, University of Surrey, Guildford 
and EA, Lock, ICI pic, Central Toxicology Laboratory, 
Macclesfield, Cheshire 


This contributed volume addresses the study of renal 
heterogeneity and examines the question of why selected 
chemicals damage only certain cells to produce nephrotoxic 
effects, The chemicals concerned include both therapeutically 
used substances and a variety of other chemicals to which man 
may be exposed. 

Series: Monographs in Applied Toxicology, Volume 2 


0471 90740 5 590pp June’85 


METHODS IN SKIN RESEARCH 


edited by D. and C.J. Skerrow, Department of Dermatology, 
University of Glasgow 


£30.00 


Research into the structure, function and pathology of skin is 
carried out by clinicians and scientists from an unusually wide 
range of disciplines. The reasons for this include the size and 
‘accessibility of the skin and the wide range of pathological 
~ canditions to which it is subject. This book aims firstly, to promote 
éritical awareness in the field by having a variety of techniques 
described in detail and in the context of their application to skin 
research; secondly, to provide scientists and dermatologists 
wishing to use a technique for the first time with the information 
which they require in a readily accessible form, and thirdly, to 
counteract the inappropriate use of techniques by discussing 
their relative advantages and disadvantages in depth. 


64771105120 686pp February 85 £60,00 


IMMUNOLOGY OF THE BACTERIAL CELL 
ENVELOPE | 


edited by D.E.S. Stewart-Tull, Microbiology Department, 
University of Glasgow and M. Davies, Department of Pathology, 
University of Bristol 


In reviewing the immunology rather than the chemistry of the 
bacterial cell envelope, this multi-authored book highlights 
advances concerning the antigenicity of cell envelope compo- 
nents and their effects on the host immune response. Each major 
. component of the outer surface is analysed in some depth, with 
sufficient chemical data provided to enable a non-chemist to 
appreciate, for example, the rationale behind the proposed 
development of new sub-cellular vaccines. An illustrated guide to 
interpreting electron micrographs at the end of the book enables 
the reader to obtain maximum information from the illustrative 
_ material in each chapter. 

0471 905526 402pp 


— August’85 £40.00 








DRUG DISCOVERY: The Evolution of Modern Medicines 


by W. Sneader, Department of Pharmacy, University of Strathclyde, Glasgow 





John Wiley & Sons Limited 
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understanding amongst health care professionals of how the. 
medicines they routinely handle came to be developed. This 
should help to overcome the inevitable confusion caused by the 
ever-increasing range of new drugs and thereby instil greater 
confidence in their handling amongst doctors, pharmacists, » 
nurses and dentists. 


0471 90471 6 446pp August’85 £12.95 


MOLECULAR CELL GENETICS: The Chinese 


Hamster Cell 
edited by M.M. Gottesman, National institutes of Health 


Molecular Cell Genetics is the synthesis of somatic cell genetics 
with molecular biology. This volume focuses on the major role | 
that Chinese hamster cell lines have hadin the development of 
this new biological discipline. This volume will examine a wide 
variety of genetic systems developed in Chinese hamster cells. 
Fach of the authors addresses the rationale for development of 
these systems, the details of mutant isolation and analysis, the 
major conclusions derived from these genetic studies, and where 
possible, the molecular basis for the expression of mutant 
phenotypes. Comparison is made with genetic analysis 
developed in non-Chinese hamster cell systems, so that the 
reader has an overview of the state of knowledge for each genetic 
locus. 


0471 87925 8 


THE APOCRINE GLANDS AND THE BREAST | 


by M.B.L. Craigmyle, Visiting Senior Lecturer, Department of 
Anatomy, Texas A & M University Medical School 


950pp june’85 £92.45 


Apocrine glands have been seen in over 20 regions of the skin, but 
not in the limbs except the axillae and groin, and are so called 
because they secrete mainly by the apocrine method. The - 
mammary gland is formed from a number of apocrine glands. 
opening at the nipple. in nearly 25 years since the last monograph ; 
on these glands was published much new information about 
them has accrued and is incorporated in this book, which- 
presents a cohesive account of the glands, draws attention to their 
dissimilarities to eccrine sweat glands and stresses their great 
similarity to the mammary glands. Chapters are included on the 
development, anatomy and diseases of the apocrine glands, on 
the development and anatomy of the mammary glands and on 
the inter-relationship between the apocrine and the mammary 
glands. 

0471 90506 2 


November B4 £24.00 


92pp 


PHOSPHOLIPIDS IN NERVOUS TISSUES 
edited by J. Eichberg, University of Houston 
Drawn from such diverse-disciplines as biochemistry, pharmacol- — 


ogy, cell biology, anatomy and neurology, this collection of- 
papers summarizes well-established information on phospho- | 
lipids in nervous tissues, discussing major problems in certain - 
areas and examining the directions of future research. The book 
outlines recent advances in analytical methodology pertinent to 
phospholipids, and explains the enzymatic transformations of | 
phospholipids in brain and nerve cells and on changes in. 
phospholipid distribution and metabolism during development . 
and aging of the nervous system. 


0471 86430 7 405pp = August'85 
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RECOMBINANT DNA AND CELL PROLIFERATION 

Edited by GARY S$. STEIN and JANET L. STEIN 

Subjects covered include expression of specific genes during the cell cycle, and expression 
_of specific genes associated with proliferation and differentiation. 
This important volume is part of the CELL BIOLOGY Series. 
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BOOK REVIEWS 


Hazards beyond number 


David L. Sills 





Risk Watch: The Odds of Life. By John Urquhart and Klaus Heilmann. 


Facts on File: 1985. Pp.214. $16.95, £11.95, 


Risk: Man-made Hazards to Man. Edited by M. G. Cooper. 
Clarendon: 1985. Pp.141. Hbk £15, $23.95; pbk £9.95, $12.95. 





Here are two readable. informative and 
in the main “right-minded™ books on the 
subject of risk in a technological society, 
By “right-minded™. no more ts meant than 
that I share their basic attitude towards 
this highly-controversial topic. Both 
books assert that on balance life is safer 
today than it has ever been in the past; that 
is. neither of them is a “doomsday” tract. 
Both emphasize such determinants of risk 
as technological complexity. human error 
and statistical probability. and avoid singl- 
ing out evil industrialists or Incompetent 
bureaucrats as the main creators of risk. 
Both assert that there is no turning back to 
a romanticized pastoral, craft-dominated, 
risk-free society. But both present a some- 
what oversimplified version of how things 
can go wrong, of how we are exposed to 
risks. I will turn to the question of what 
they leave out in a moment. 

Risk Watch has an interesting pub- 
lishing history. The authors are physicians 
and by nationality American (Urquhart) 
and German (Heilmann). Urquhart 
works for a Californian high-technology 
firm specializing in drug-delivery systems; 
Heilmann is a professor of opthalmology 
at the Technical University of Munich and 
a consultant in medical engineering at the 
University of California, Los Angeles. 
The book was first written in English and 
German, and published in German in 
1983 as Keine Angst vor der Angst (No 
Fear in the Face of Fear), with Heilmann 
as the senior author. The present English- 
language edition is a translation and revis- 
ion of the German edition. 

The polemical aim of Risk Watch is anti- 
alarmist. “Risk-taking and risk-avoiding 





Smoking, bicycling, flying — the risks are very different, but so is the perception of them. 


are intrinsic to life itself", runs the first 
sentence of the introduction. The authors 
believe that the media, relying on “victim- 
oriented“ and other forms of dramatic 
reporting, overemphasize some risks 
(nuclear energy. air travel) and under- 
emphasize others (cigarette smoking, 
automobile accidents). Accordingly, they 
also have a didactic aim: to inform the 
general public, towards whom the book is 
addressed. Like others before them, the 
authors affirm their faith in public enlight- 
enment by quoting Thomas Jefferson on 
the “ultimate powers” of society residing 
in the people. and the consequent neces- 
sity “to inform their discretion”. 

Because Urquhart and Heilmann are 
physicians, Risk Watch, appropriately 
enough, has chapters devoted to medical/ 
surgical risks and risks from food con- 
sumption. The emphasis throughout is 
upon individual risk-taking behaviour and 
aggregate statistics. A “Safety-degree 
Scale”, developed by the authors and 
based on the frequency of events and the 
number of people exposed to these 
events, rates cigarette smoking and 
motorcycling as high risks; oral contracep- 
tive pills and bicycling as medium risks; 
and bee stings and being hit by falling 
aircraft as low risks. The authors hope that 
their scale will do for risk reporting what 
the Richter Scale has done for earth- 
quakes: enable the media to use a scien- 
tifically based scale in their news stories on 
accidents, calamities and other events in a 
risky world. 

Risk: Man-made Hazards to Man is 
based on eight lectures given at Wolfson 
College, Oxford, in the spring of 1984. 
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The lecturers are scientists and public offi- 
cials: six of the eight are professors at 
Oxford or other British universities, as is 
M. G. Cooper. the editor, who teaches 
engineering at Oxford. The style of pre- 
sentation is informal but informed. A 
chapter each is devoted to medical tn- 
tervention (W. H. W. Inman), biological 
research (G. E. Gordon-Smith). indust- 
rial risks (H. J. Dunster). industrial 
chemicals (A. E. M. McLean), the energy 
industry (Frederick Warner) and environ- 
mental change (Richard Southwood). 

Each of the chapters reviews what is 
known about the risks of one sector of 
modern life, and the authors’ conclusions 
are generally sanguine. We are told by 
Inman that “medical intervention with 
modern drugs is remarkably safe” (p.52); 
by Gordon-Smith that risks both to work- 
ers and the public from biological research 
are “small” (p.73); by Dunster that “direct 
industrial risks to life and health do not 
threaten our society” (p.93); by McLean 
that “our use of industrial chemicals has 
not had the disastrous effects that people 
once feared” (p.108); and by Warner that 
“the risks involved in energy production 

. have been shown to be extremely low, 
and not to require more provision for their 
reduction™ (p.124). (Warner uses only 
British data on coal production, where 
there indeed has been a marked decrease 
in deaths and injuries in the past 30 years, 
but there are thousands of newly bereaved 
coal-mining families throughout the world 
who could not accept his Pollyanna-ish 
conclusion. He is not alone in this seeming 
blindness: in polite society, coal-mining 
and coal-burning accidents happen to 
somebody else.) Only Southwood sounds 
a quiet alarm, concluding that environ- 
mental changes, “in their universality and 
in the extent to which there is no recent 
precedent, dwarf all other man-made 
effects” (p.132). 

D. E. Broadbent's introductory essay, 
on the psychology of risk, is the only con- 
tribution in the book by a social scientist; 
the editor weakly apologizes by stating 
that the social sciences “could not be given 
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adequate representation within the over- 
imit of eight lectures” (p.1). Similarly, 
the authors of Risk Watch fail to recognize 
that risk is only in a very limited sense a 
statistical concept. At its heart, risk is 
essentially a culturally learned response to 
uncertainty, a point made repeatedly by 
< Mary Douglas and Aaron Wildavsky in 
-Risk and Culture (University of California 
Press, 1982), a book that should be read in 
conjunction with the two under review. 
Hermann Bondi, then of the Natural 
Environment Research Council, in a per- 
ceptive introductory essay in Risk, 
captures the contradictions inherent in 
risk assessment by noting that people 
today want to be sure that “at the end of 
_ their day’s work they can get away safely 
to go hang-gliding” (p.12). 
Neither Urquhart and Heilmann nor 
-< the contributors to Risk seem to recognize 
-= that the identification and management of 
risks are political problems (the “politiciz- 
ing of nature” is the term used by Douglas 
< and Wildavsky). For example, although 
Risk Watch was first published in Munich, 
it makes only passing reference to the 
Greens, the West German political party 
that is the only successful environmental 
party in a major industrial nation. The 
programme of the Greens is based on the 
premise that large-scale technology and 
| competitive capitalism are destroying the 
- environmental foundations of human life; 
Its assessment of the nature of risk is in 
___. sharp contrast to that of these authors. 
-= Risk is a concept that varies in meaning 
from culture to culture. The authors of 
_. these two books largely ignore this. They 
also ignore the point that the importance 
-placed upon risk and its determinants is a 
political fact of our time: witness, for 
example, the various interpretations of 
the recent tragedy at the Union Carbide 
plant in Bhopal. And they do not recog- 
nize that accidents cannot be adequately 
explained by the interaction between a 
-flawed technology and statistical probabil- 
-= ity; on the contrary, accidents happen in 
large part because of flaws in the social 
«system that controls the technology. This 
was the main conclusion of all the inquir- 
ies into the 1979 accident at the Three 
> Island nuclear power plant and was 
theme of one of the scholarly by- 
jucts of that accident, Charles Per- 
s Normal. Accidents (Basic Books. 
which. l-reviewed for Nature last 
309, 185; 1984). 
Both books. then, give short shrift to 
"the influence of culture, politics and social 
-systems on risk and its perception. They 
are nonetheless important counterweights 
to journalistic sensationalism and useful 
introductions to the burgeoning field of 
risk- benefit analysis. | C 
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Avene, New York, New York 10158. USA. He — 
isa. co-editor of Accident at Three Mile Island 
(Westview, 1982) and The Three Mile Island 
“Nuclear Accident (New York Academy 
of Sciences, 1981). 





Some a n on 
recombination 
Harold L.K. Whitehouse 





Genetic Recombination. Edited by John 
H. Wilson. Benjamin/Cummings: 1985. 
Pp.517. $29.95, £29.95. 





Ten articles from Annual Reviews of 
Genetics, four from Annual Reviews 
of Biochemistry and one from Annual 
Reviews of Plant Physiology make up this 
volume. The articles were originally pub- 
lished at various dates from 1975 to 1983 
and are reprinted unchanged, but with 
new page numbers. All are concerned 
either directly or marginally with aspects 
of genetic recombination, and all of the 
authors have addresses in the United 
States or Canada. 

The reviews are grouped under three 
headings: meiotic, mitotic and bacterial 
recombination. This division is somewhat 
arbitrary, as J.H. Wilson states in his pre- 
face to the book. Thus, the meiotic section 
includes F.W. Stahl’s review of 1979, 
which is based primarily on the chi sites in 
bacteriophage A of Escherichia coli, and 
C.M. Radding’s review of 1978, which is 
concerned with molecular studies and so 
necessarily centres on work with prokary- 
otes. In the mitotic section there is an 
article by R.A. Weinberg on animal virus 
genome integration, and one by H.O. 
Smith and D.B. Danner on genetic 
transformation which, not surprisingly, is 
largely concerned with bacteria. The 
bacterial section is also misnamed as two 
of the reviews deal with bacteriophage re- 
combination. A more serious criticism of 
this grouping is that it tends to obscure a 
central issue, namely, the need to see 
recombination phenomena as a whole. 
Many of the reviews are relevant to both 
prokaryotes and eukaryotes and, within 
the latter, to both meiotic and mitotic 
events. Putting the reviews into categories 
serves little purpose, though the helpful 
index does mitigate the problem to some 
extent. In a rapidly advancing field a 
chronological sequence might have been 
best. 

One of the most useful papers in the 


book is a detailed survey by B.S. Baker et | 


al. of what is known about the genetic 
control of meiosis in fungi, Drosophila 
and flowering plants, supported by nearly 
700 references. There are also two valu- 
able accounts of molecular studies on re- 
combination, one by C.M. Radding and 
the other by D. Dressler and H. Potter. 
On the other hand, several of the reviews 
are concerned with topics that have contri- 
buted little to understanding the mechan- 





chromatid exchange (reviewed by S.A. 
Latt); animal virus genome integration; 
| and the molecular genetics of bacterio- 
phage P1 (N. Sternberg and R. Hoess). 


_isms of recombination, for example, sister — 
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Although the publisher states on the 
cover that the volume represents the best 
overview available today, this is not to say 
that the reader will obtain a current pic- 
ture of the subject. There is no review of 
transposable DNA and no discussion of 
the double-strand-break repair model of 
recombination proposed in 1983 by J.W. 
Szostak and associates. A postscript to 
bring the topic up to date would have im- 
proved some of the older reviews, for ex- 
ample Stahl’s on specialized sites in re- 
combination, that by P.J. Hastings on fun- 
gal recombination and that by T.R. Brok- 
er and A.H. Doermann on recombination 
in bacteriophage T4. Better than nothing 
would have been a list of references to 
important new work. G 


Harold L.K. Whitehouse is Emeritus Reader in 
Genetic Recombination in the Department of 
Botany, University of Cambridge, Downing 
Street, Cambridge CB2 3EA, UK. 





Talk of the town 


Margaret C. Jacob 





William Whiston: Honest Newtonian. By 
James E. Force. Cambridge University 
Press: 1985. Pp.208. £25, $37.50. 





Try To conjure up a London coffee house 
of the early eighteenth century, where the 
genteel and the mercantile jostle with 
clergymen as well as fellows of the Royal 
Society; and then ask to listen in on their 
discourse. That, in effect, is what cultural 
historians with an interest in the reception 
of science in the time of Newton have been 
doing for the past 15 years or so. We have 
now succeeded, through a reading of the 
printed and manuscript sources of this 
period — when Newton’s science and the 
recently published Principia ( 1687) were 
first discussed — to reconstruct in a plausi- 
ble way what those gentlemen were saying 
(women did not frequently attend coffee 
houses but they did go to hear sermons). 
James E. Force’s book on William 
Whiston, Anglican clergyman, pulpit 
orator, coffee-house lecturer, is a fine 


contribution to that reconstruction andito 
comes with the added claim that Whiston, 





one of Newton’s earliest and closest fol- 
lowers, more accurately and- honestly 
(than other Newtonians) said what the 
master truly believed. For example, New- 
ton and Whiston were anti-Trinitarians;: 
only Whiston went out on the limb and 
much to the horror of his mentor said it. 
publicly. As a result, he lost his profes- 
sorship in Cambridge. In addition both 
were avid millennarians, that is, they be- 
lieved in the end of historical time as fore- 
told in the Bible, a destruction and conse- 
quent paradisiacal reconstruction to be 
accomplished by direct divine interven- 
tion. To put it simply, a modern thinker 
could hear totally unexpected discussions 
in those coffee houses and pulpits, indeed 
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be shocked by the total absence of a dis- 
tinction between science and religious 
belief, between devotion to mathematics 
and a literal reading of the Bible. 

As Force amply documents, Whiston 
(as did Newton, incidentally) belonged 
totally to that world; yet 15 or 20 years ago 
scholars barely understood it. In posses- 
sion at that time of well-formulated mod- 
ern distinctions between science and reli- 
gion, they simply ignored Newton’s manu- 
scripts on the apocalypse or dismissed 
Whiston as a crank. It is not immodest to 
say that in The Newtontans and the English 
Revolution (Cornell University Press, 
1976) I was one of the first to argue for a 
literal reconstruction of early-eighteenth- 
century discourse, and in many places 
Force is in dialogue, generally a sym- 
pathetic one, with that book. In general I 
am delighted by the astuteness of his 
observations, although one question must 
be addressed. 

What is the general reader to make of a 
book such as this? It is beautifully resear- 
ched and nuanced, scrupulous in its refus- 
al to apply modern categories to the early 
modern mind of either 1ts subject or New- 
ton himself —- in short, a model of the 
serious new history of culture that can now 
be written. Yet it remains a monograph, 
narrowly focused, intent upon recon- 
structing the religious thought of Whiston, 
and indeed the millennarianism of New- 
ton, resolutely uninterested in the larger 
world of church preferment or the social 
uses to which Newton’s ideas were put by 
the early-eighteenth-century church. In- 
deed, at moments scholars such as myself 
are taken to task for painting on too large 
a canvas, for being too general. 

Yet such books must be written and 
read. They advance scholarship through 
the sheer depth of their research; they 
make us feel as if we are eavesdropping on 
one of those early-eighteenth-century 
conversations. For that reason the general 
reader should peruse Force’s book and 
similar works. How else can we recapture 
a world where the founder of modern sci- 
ence believed that God would destroy that 
very natural world explicated in the Prin- 
cipia, who also urged his followers, as 
Force shows, to preach both his science 
and his religion from the pulpit and in the 
end, given the reality of his desire for pow- 
er, repudiated Whiston because he said 
too much ın print as well as in those coffee 
houses? Books like Force’s can humble us 
before the extraordinary capacity of the 
past to refuse to be like the present, before 
its ability to violate our most cherished 
assumptions about the nature of modern 
science, not least its very origins. E 





Margaret C. Jacob is University Professor of 
History on the Graduate Faculty of the New 
School for Social Research and Dean of Lang 
College, NSSR, 66 West 12th Street, New York, 
New York 10011, USA Her most recent book, 
Science and Elites: The Integration of Science 
in Western Culture, will be published next year 
by Knopf 
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The dangers of being 


discovered 
Tim Halliday 


Immigrant Killers: Introduced Predators 
and the Conservation of Birds in New 
Zealand. By Carolyn King. Oxford 
University Press'1985. Pp.223. £29.50, 
$34.95 


Over the past few hundred years, the 
pattern of largely isolated communities of 
endemic plants and animals that was the 
legacy of continental drift and island 
formation has been radically altered, in 
some places destroyed, by human col- 
onization, which invanably involves the 
introduction of a variety of animals to 
areas where they previously did not occur. 
Introduced animals frequently are serious 
predators, parasites or competitors in 
an indigenous fauna that has had no 
opportunity to evolve effective defences 
against them. While European starlings, 
sparrows and rats now flourish in many 
parts of the world, many birds that pre- 
viously lived on isolated islands have 
become extinct. 

Nowhere is this process more apparent 
than in New Zealand, where once vast 
forests have been reduced to relic patches 
of woodland in an agricultural landscape 
deliberately intended to resemble that ın 
Britain, complete with European deer, 
rabbits, weasels and rats. Carolyn King 
focuses on predatory species that have 
been introduced to New Zealand, since it 
is Often they that have been blamed for the 
demise of many of New Zealand’s 
endemic birds. In a thorough and well- 
researched account of the history of its 
fauna and flora, she evaluates all the fac- 
tors that have contributed to the upheaval 
in the ecology of New Zealand that began 
with colonization by Polynesians about 
1,200 years ago, so that the effect of intro- 
duced predators on contemporary popula- 
tions of endemic birds can be accurately 
assessed. 

What emerges is that the impact of 
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weasels, stoats, cats and other predators is 
appreciable, but relatively minor com- 
pared to direct human activities such as 
deforestation and hunting The author 
also emphasizes the intrinsic vulnerability 
of New Zealand’s endemic fauna, a result 
of its long history of geographical isola- 
tion. Until human beings introduced 
them, there were no indigenous mam- 
mals, and animals of different kinds 
evolved to fill the niches occupied by 
mammals elsewhere; the weta, a giant 
cockroach, is the equivalent of a mouse 
and the kiw: is like a rat in many of its 
habits. A general feature of New Zea- 
land’s animals, hke those on islands 
throughout the world, is their lack of de- 
fences against mammalian predators. To 
varying degrees, many birds lost their 
powers of flight and became pathetically 
unafraid of human beings and their fellow 
immigrants; both European settlers and 
the Polynesians that preceded them were 
able to slaughter them with ease. Of more 
significance, however, was the reckless 
and relentless destruction of the native 
forests to make way for agricultural land 
One would like to think that such cata- 
strophic practices would not be coun- 
tenanced in today’s more ecologically 
conscious world but, as Carolyn King 
describes, where there are powerful 
economic forces at work, natural habitats 
are probably never secure. 

This book is well-written and beautiful- 
ly illustrated; some of the photographs of 
the destruction wrought by early Euro- 
pean settlers are particularly striking. The 
tone of the book ts inevitably somewhat 
gloomy but the author avoids being 
self-indulgent in her sense of loss for the 
wildlife of her adopted country. If the 
human species is to avoid extinction at its 
own hands, it needs to be constantly 
reminded of its past follies and excesses. 
The work and writings of biologists such as 
Carolyn King provide such a reminder and 
should be heeded by those who have any 
concern at all for the future of life on 
Earth. O 


fim Halliday ıs Reader in Biology at the Open 
University, Walton Hall, Milton Keynes MK7 
6AA, UK. 


z>, 
s Soe 
> 

` 


pee 
ay "a up" 


ax 
Par 


s 
P 
i, > 


15% 


wD 


Ld 
z a 
La 
i 





120 





Devil of a business 


Anthony Sampson 


Fundamentals of the Petroleum Industry. 
By Robert O Anderson. Weidenfeld & 
Nicolson/University of Oklahoma Press: 
1985. Pp 390. £18.95, $29.95 


Roser? Anderson’s Fundamentals of the 
Petroleum Industry, lavishly printed and 
illustrated, is clearly designed to be a stan- 
dard guide to the oi] business — a succes- 
sor to an earlier book of the same title by 
Dorsey Hager. Much of it is a description, 
in clear and upretentious language, of the 
basic engineering and organization of the 
oil business, including the geology, drill- 
ing, transport and refining. But it has the 
added interest of being written by one of 
the most successful, and wealthiest, prac- 
titioners in the industry. Anderson made a 
fortune as an oil entrepreneur in New 
Mexico, which he then extended as chair- 
man of Atlantic Richfield based in Los 
Angeles 

Atlantic Richfield (Arco) has been one 
of the most aggressive and well-managed 
rivals to the traditional muiltinational o1! 
companies, the “seven sisters”; and 
Anderson himself claims (with some exag- 
geration) that Arco is “often regarded as 
the Eighth Sister”. But certainly the com- 
pany has had a remarkable record in ex- 


i 


ploration and development —— above all in 
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finding oil in Alaska — which adds author- 
ity to the book’s technical chapters. 

Anderson is financier as much as an 
oilman, and knows full well that oil 1s in- 
creasingly a business “of partnerships and 
shareholders, bankers and backers”. So 
while the book provides a readable begin- 
ner’s guide to the industry’s workings, 
complete with diagrams, graphs and a 
glossary, it also includes financial and 
political judgements which have a wider 
interest. 

Predictably Anderson is a champion of 
free enterprise in oil: governments, he 
says, “do not have the pressures, the ener- 
gies, the tempo, the dynamics of the pri- 
vate sector”; the speed of drilling in Rus- 
sia, for instance, 1s five to ten times slower 
than in North America. He explains with 
natural certainty that in the oil business 
“there was, and 1s, still room for ndi- 
viduals with friends, faith, perseverance, 
some money, and a lot of luck to become 
independently wealthy”, but is less con- 
vincing when he asks: “who then owns the 
petroleum industry? Its customers and 
employers do, in a very real sense. And 
who pays for it? The very same”. In simi- 
lar vein he is critical of many government 
attempts to regulate and control his indus- 
try, which he sees as the only one with the 
resources to develop alternative energy 
sources. 

Anderson, however, is also a realist: he 
recognizes that outside the United States 
governments will insist on having their 
own oil corporations and controls, and 
concedes that even in America the “invisi- 
ble hand” of free enterprise may not be 
enough: “if even the gentlemanly game of 
tennis must have umpires, referees and 
linesmen, then how much more so must 
the game of capitalism have them, where 
the stakes are so high?”. . 

The early chapters provide a rapid his- 
tory of oil since its discovery in Pennsylva- 
nia, re-telling familiar stories about wild- 
catters, gamblers and monopolists with 
some marvellous old photographs but no 
obvious new research. Rather, it is the 
assessment of the recent past and the 
future which is most useful. 

Anderson points out that “learned peo- 
ple have been predicting the exhaustion of 
the world’s oil since 1863” and how “the 
day of reckoning has always seemed to be 
about twenty years in the future. Some- 
how, a new series of major discoveries has 
always put off that day”. Will that post- 
ponement continue? The forecasts remain 
very divergent, both about future produc- 
tion and consumption. For the time being, 
as Anderson describes it, the Organiza- 
tion of Petroleum Exporting Countries 
(OPEC) can fix a price which is low 
enough to keep most new alternative 
energy — whether tar-sands, solar energy 
or windmills —- uncompetitive with oil. 
But most experts, including Anderson, 
believe that before long oil shortage will 
push up the oil price above the equivalent 
for new forms of energy: 
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At the crossover time. probably in the 1990s 
[says Anderson], the combined productive 
capacity of all conventional sources. including 
OPEC, will no longer equal demand at a price 
OPEC can influence. Demand will pull prices 
up, and no producer will have the power to 
depress them 


Forecasts of the price of oil have been 
notoriously unreliable: even since Ander- 
son finished this book —- two years ago; it 
was published in the United States ın 1984 
— the Western consumption of oil has 
diminished and new oilfields have been 
found, pushing back the likely date of that 
crossover. The day of reckoning may still 
be about 20 years ahead, but it cannot be 
postponed much further. 

The future control of ol is very uncer- 
tain. Mr Anderson’s historical chapters 





" “UES CONVERTING HIS ZIPPO TO COAL.” 


From Fundamentals of the Petroleum Industry 


1973 — tıme of another oul crisis 


vividly describe the extraordinary alterna- 
tions of glut and shortage in the past, 
which caused crazy oscillations in the oil- 
price until production was effectively con- 
trolled — whether by Rockefeller, or by the 
Texas government, or by the Seven Sis- 
ters, or by OPEC. For the foreseeable 
future he believes (or believed in 1983) 
that OPEC will be “a major influence on 
world supplies and world market prices”. 
Other oil-producers outside OPEC will 
consume all they produce. But the new era 
of alternative energy should produce a 
world market which will be less dependent 
on the notoriously slippery behaviour of 
the oil-price. 

Or will ıt? Anderson’s clear exposition 
of the remorseless logic of world energy 
can be misleading. For behind all that 
intricate engineering and global organiza- 
tion oil has kept on playing tricks which 
have often made fools of experts and 
bankrupted rational corporations. As the 
Mexicans say: “God gave us the land, the 
devil gave us the oul”. E 


Anthony Sampson, 27 Ladbroke Grove, Lon- 

don WII DAY, UK, is author of The Seven 

Sisters: The Great Oil Companies and the 

Yon) they Shaped (Hodder & Stoughton, 
75). 
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Religion and biology 
beyond conflict 
George M. Marsden 


Darwinism and Divinity: Essays on Evolu- 
tion and Religious Belief. Edited by John 
Durant. Basil Blackwell: 1985. Pp.210. 
£15, $24.95. 


One of the main intellectual trends of the 
past 25 years has been the growing sensi- 
tivity to the sociology of knowledge. Our 
most carefully reasoned views, we are 
constantly being reminded, are shaped by 
complex affiliations and considerations 
that seem to have little to do with our 
reasoning itself. The impact of these 
extra-rational factors has long been recog- 
nized in areas involving soft reasoning, 
such as political thought. The revolution 
of the past 25 years is that such factors 
have come to be widely regarded as play- 
ing a large part in even our hard empirical 
reasoning. A host of post-Kuhnian histo- 
rians of science have reinforced this point. 
Natural science, they argue, takes place 
not in the stable environments that we 
might imagine, but (to borrow an image 
from Richard Lewontin) as though bounc- 
ing back and forth on multiple trampo- 
lines of cultural forces that it both 
reshapes and is redirected by. 

Nowhere are the reciprocal interactions 
of scientific and non-scientific cultural 
forces more evident than in the history of 
Darwinism. Most centrally, Darwinism 
has always aroused passions because it has 
been so mixed up with religion or the lack 
thereof. In addition, Darwinism and di- 
vinity do not even exhaust the principal 
forces in the interplay. As the present 
volume shows, both of them constantly 
have been used to promote or attack 
various social—political programmes. So 
while modern biology is shaped largely by 
a valid internal logic, its repeated inter- 
actions with these two most emotionally 
laden cultural activities, religion and poli- 
tics, have long made it difficult to keep a 
clear focus on simply the biological issues. 

Darwinism and Divinity is a series of 
essays which has grown out of a confer- 
ence organized by the British Society for 
the History of Science in 1982. The works 
here selected reflect the rapidly growing 
consensus of the past decade that the old 
conflict paradigm for understanding rela- 
tions between religion and science, even 
biological science, simply fails. John 
Durant, the editor, describes the volume 
as a kaleidoscope of knowledge in which 
each chapter reshakes the subject of reli- 
gion and biological theory and displays 
new sets of relationships. If there is a 
coherence to such a design, it is in the 
underlying principle that the subject of 
biological thought and divinity is more 
complex than most people realize. 

Whether by accident or design, the 
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essays display a number of other themes. 
Most central is that biological evolution 
constantly has been used illicitly to sup- 
port differing views of the world. In his 
survey of a century of debate over Dar- 
winism and religion, Durant speaks of the 
“idolatry” of the “deification of evolution- 
ary process”. Mary Midgley picks up this 
theme in “The Religion of Evolution”, 
built around the thesis that “Evolution is 
the creation-myth of our age”. Midgley 
points out that scientists themselves are 
sometimes guilty of misuse of science to 
support world-views. Once they get 
beyond the technical aspects of their 
books, she alleges, they abandon all their 
careful intellectual standards and engage 
in the wildest speculation and prophesy. 
Durant points out that, ironically, such 
misuses of evolutionary science to legiti- 
mate world-views encourages the forces of 
religious anti-evolutionism. 

Another central motif is that Darwin- 
ism and divinity have often supported 
each other. John Hedley Brooke, in a par- 
ticularly strong study, shows that Darwin 
was not simply reacting against Paley’s 
argument for God’s existence based on 
the design in nature, but that Paley’s 
thought provided some of the structure for 
Darwin’s own analysis. Darwin’s loss of 
faith in providential guidance, which 
Brooke looks at closely, was connected 
largely to his moral revulsion at a God 
who would permit so much suffering. 
Since widespread death and suffering was 
not a discovery original to the nineteenth 
century, it may be added, this moral ob- 
jection (common among Darwin’s con- 
temporaries) may have had as much to do 
with the character of nineteenth-century 
upper-class Protestantism as with Dar- 
win’s technical work. 

The more substantial positive rela- 
tionship between Darwinism and divinity 
has been. in the many accommodations 
that theologians have made between 
biological evolution and Christian faith. 
A. R. Peacocke, in another of the out- 
standing contributions, traces some of 
these. He also presents his own view. 
However the Universe started, it had at 
least the potential to produce human 
beings who can think about it. The post- 
ulate of God is necessary to make sense of 
the “intellectually coherent and explor- 
able existence which science continually 
unveils”. God is continually creating the 
world, relating to it as a composer relates 
to a performance of his music. The per- 
formance is both independent of him and 
intimately an expression of his creativity. 
God is an improviser of unsurpassed in- 
genuity, working out through evolutionary 
processes all sorts of potentialities in his 
universe. 

The past century has produced many 
such reconciliations. Why then has the 
mythology prevailed that evolutionary 
theories and Christianity are usually in 
conflict? One of the many reasons becom- 
es clearer from Jim (formerly James R.) 
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Moore’s essay on the use of evolution by 
liberal Protestants in the late nineteenth 
century. Moore, always interesting, sug- 
gests that the great disaster for biological 
evolution was that ıt was so successfully 
adapted, especially by theologians, to 
supporting liberal culture. When liberal 
culture was later perceived to fail, the 
orthodox canons of its scientific basis 
understandably came under attack from 
everyone from Marxists to fundamenta; 
lists. ; 

A similar point is made in Eileen Bar- 
ker’s insightful essay on the fundamental- 
ist attacks on modern biology. Barker also 
observes that science today 1s unrivalled as 
a standard for epistemology, but ts distrus- 
ted as a source of metaphysics. Resent- 
ment of science is also related to “almost a 
religious mystique about the inner gnoses 
of modern science”, a problem exacerba- 
ted by everyone’s dependence on the au- 
thority of specialists When, ın addition, 
natural science is so widely used to sup- 
port various claims about the world, it 
seems to many to be operating on a religi- 
ous plane. : S 

Reshaking the kaleidoscope turns up 
some odd relationships. In an apparent fit 
oi ‘fairness to all viewpoints, the editor 
includes an essay by an anthropologist and 
a sociologist that attempts, plausibly 
but simplistically, to explain religious 
teachings on sexuality in terms of their 
function for promoting human survival. 
The authors use modern data to explain 
some ancient religious teachings and 
their reductionist assumptions seem to 
exemplify tendencies that other authors 
deplore. 

The “kaleidoscopic” organization of the 
book provides only glimpses of the subject 
and will not fully satisfy those looking for 
systematic analysis. Nonetheless, the 
volume succeeds in its apparent purpose. 
It points out, often with insight, that re- 
cent cultural exploration of the history of 
science reveals relationships between 
modern biology and religion that have 
many more sides than the old warfare 
metaphors allowed us to see. O 


George M. Marsden is a Ala in the 
Department of History, Calvin College, 
Grand Rapids, Michigan 49506, USA. 


New in paperback 


e Powers of Ten. About the Relative Size of 
Things in the Universe, by Philip Morrison and 
Phylis Morrison. Publisher ıs Scientific 
American Books, price is $19 95. For review 
see Nature 306, 125 (1983) ` 


e Alexander Fleming: The Man and the Myth, 
by Gwyn Macfarlane Publisher 1s Oxford 
University Press, price is £4.95 For review see 
Nature 308, 804 (1984). 


è 100 Billiton Suns: The Birth, Life-and Death 
of the Stars, by Rudolf Kippenhahn Publisher 
is Counterpoint (Unwin Paperbacks), price 1s 
£4 50. For review see Nature 305, 252 (1983) 


è Bones, by P.D F. Murray, published by 
Cambridge University Press in their Science 
Classics series. Price is £12 50, $19.95 
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Change in relations 


Brian Mathew 


The Families of the Monocotyledons: 
Structure, Evolution and Taxonomy. By 
R M.T. Dahlgren, H.T. Clifford and 
P. F. Yeo. Springer-Verlag:1985. Pp.520. 
DM294, $103.20. 


Ir HAS long been acknowledged by stu- 
dents of the monocotyledonous section of 


the flowering plant kingdom that the clas- - 


sification, especially at family level, is very 
unsatisfactory. One can pick several areas 
where obviously fairly unrelated groups 
have been lumped together into a 
heterogeneous mass and the family label 
stuck upon it; in particular the Liliaceae 
comes to mind where, in-the traditional 
sense, every petaloid monocotyledon with 
six stamens and a superior ovary was de- 
posited. True lilies thus shared the same 
family bed as asparagus, hyacinths and 
yucca, to mention but a few of the more 
well-known and very divergent groups. 
Although the recognition of smaller, 
more homogeneous families 1s not some- 
thing new (Hyacinthaceae for example 
dates from 1802), the present study makes 
use of a wide range of modern data to give 
convincing explanations for their accep- 
tance. The proposed new classification 1s, 
to say the least, alarming at first sight since 


some genera which were formerly placed 
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together ın one family are now in some 
instances separated at order level and 
given family status of their own. A notable 
“split” which will surprise many botanists 
is between the Order Asparagales and the 
Liliales; Asparagales contains not only 
Asparagus but also many of the former 
members of the Liliaceae and Amarylh- 
daceae (both in Liliales). The decision to 
recognize the Asparagales as a group is 
strongly influenced by the presence of the 
blackish carbon-based compound phy- 
tomelan in the seed epidermis; this 
however ıs not the sole basis for its recog- 
nition, and as one works through this ex- 
tremely meaty tome it is clear that the 
authors have studied character states from 
many disciplines and used them with much 
discretion in forming their suggested clas- 
sification. 

There are excellent line drawings illus- 
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trating many of the recognized plant fami- 
hes and there are also some interesting 
phylogenetical diagrams. Keys to the 
families are provided, but although these 
are particularly helpful it is perhaps opti- 
mustic of the authors to think that they are 
practical enough to be useful “in the field” 
when, for example, one of the dichot- 
omies in the key to the Asparagales 
includes “Chromosome complement 
strongly dimorphic” versus “Chromo- 
somes more uniform in size”. 

There are still many ifs, buts and 
maybe’s, But this study represents one of 
the major steps forward in the under- 
standing of the present relationships and 
the evolutionary pathways in the mono- 
cotyledons. C 
Brian Mathew is a Principal Scientific Officer in 


the Herbartum, Royal Botanic Gardens, Kew, 
Richmond, Surrey TW9 3AB, UK 





The light fantastic 


Ann Wintle 


Thermoluminescence of Solids. By $.W.S. 
McKeever. Cambridge University Press. 
1985. Pp.376. £40, $69 50. 


Over the past 30 years people from a 
variety of different disciplines have 
attempted to use thermoluminescence 
(TL) as a research tool The basis of the 
method is the ability of a large number of 
insulators and semiconductors to produce 
a measurable light signal when they are 
heated after exposure to radiation. 
Although there had been many observa- 
tions of TL in naturally occurring minerals 
before the Second World War, it was not 
until the 1950s that several possible 
applications were seriously considered. 
Since then the technique has been used, 
over-extended and occasionally misused. 
In this book McKeever has brought 
together for the first time accounts of all 
the various uses of TL. 

Research into applications as diverse as 
measurement of radiation doses in the 
natural environment and in medical treat- 
ment, dating of pottery from archaeolo- 
gical sites and the characterization of 
meteorites is carried out by different 
groups of physicists; they hardly ever 
attend the.same conferences, or even read 
the same journals, and yet their research 
has the same basis and they use the same 
analytical procedures. McKeever states 
that his book 1s intended as a step “to- 
wards the unification of the insular 
approaches by presenting the topic of 
thermoluminescence as a single subject” 
I think he succeeds. 

The book is fluently written, well- 
produced, clearly laid out in nine chapters 
and includes over 1,000 references, most 
of them from the past ten years Three of 
the first four chapters provide the historic- 
al and theoretical background on which 


the applications described in the remain- 
ing chapters rely. Chapter 3 deals with the 
experimental determination of the basic 
parameters which characterize the shapes 
of the glow curves, and which are used to 
predict the stability of TL signals either for 
dosimetry measurements or dating. 
Chapter 6 provides a comprehensive 
review of TL phosphors and their use in 
environmental monitoring, personal 
dosimetry and medical applications. This 
includes discussion of the responses to 
different types of radiation. The 
subsequent chapter covers the use of 
naturally occurring dosimeters for dating 
heated archaeological materials and the 
recent extension to dating unheated 
sedimentary deposits This empirical 
approach contrasts with studies on alkali 
halides and quartz for which TL is just one 
of the methods for characterizing the 
defect structure 

The complexity of the TL properties of 
geological materials is exemplified in a 
further chapter which deals with meteori- 
tic and lunar samples as well as terrestrial 
ones. In particular, stony meteorites have 
been the subject of a great deal of work 
since they are potentially the source of a 
considerable amount of information, and 
McKeever critically reviews the relevant 
literature. It 1s clear that for all natural 
matter the experimental TL worker is at 
the mercy of nature; however, detailed 
studies of the basic TL properties of the 
individual minerals can provide useful in- 
formation on the overall thermal, optical 
and radiation histories of such materials. 

The technical nature of the book does 
not detract from its readability and it pro- 
vides an excellent, critical introduction to 
the subject for graduate students. With its 
extensive bibliography, it will also be a 
helpful work of reference for anyone with 
more than a passing interest in the diverse 
fields of applied thermoluminescence. O 
Ann Wintle is at the Godwin Laboratory, 


University of Cambridge, Free School Lane, 
Cambridge CB2 3RS, UK 
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Law of the Sea threatens research 


from Robert E. Bowen 


Details of regulations evolving within the UN convention suggest that the freedom of marine research 


will be compromised. 


A RECENT development at the Prepara- 
tory Commission of the International Sea- 
bed Authority (PrepCom) may have 
alarming implications for the conduct of 
marine scientific research in international 
waters. At its spring meeting in Jamaica, 
PrepCom began discussing regulations for 
mineral prospecting of the international 
seabed, called the “Area”. The proposed 
definition of such activities is at present so 
broad and vague that virtually any marine 
research in the Area could be construed as 
falling under regulation by the Interna- 
tional Seabed Authority (ISA). 

As a result, further complications may 
be in store for marine science, not only for 
researchers from signatory states but for 
all those who seek to make studies in inter- 
national waters. PrepCom is negotiating 
the operating rules and regulations for the 
International Seabed Authority, specified 
by the UN Convention on the Law of the 
Sea and which will be responsible, when 
the convention enters into force, for the 
conduct of mining activities in marine 
areas beyond national jurisdiction. 

Many had thought that with the signing 
of the Law of the Sea convention, in 1982, 
a quarter of a century of international de- 
bate had ended. The convention aimed to 
define the direction of national and inter- 
national marine law for the forseeable fu- 
ture. For the most part, such expectations 
are still tenable. The Third United Na- 
tions Conference on the Law of the Sea 
(UNCLOS II) was able to reach agree- 
ment on the breadth of the territorial sea, 
the establishment of the Exclusive Econo- 
mic Zone and principles regulating most 
fisheries stocks and the use of the sea for 
transport. The marine scientific commun- 
ity was assured that rules and procedures 
regulating the conduct of marine science 
had also been generally agreed upon; 
within areas of national jurisdiction, sci- 
entists must secure consent from the coas- 
tal state to carry out research, but outside 
national jurisdiction no such consent was 
required. However, the recent proposals 
for regulating prospecting seem to suggest 
that these agreements may be open for 
renegotiation. 

At the latest meeting of the Preparatory 
Commission (11 March to 4 April 1985 at 
Kingston, Jamaica) certain draft articles 
began to take shape that could significant- 
ly affect the conduct of marine science 
outside national jurisdictions. These de- 
velopments concern the powers of the ISA 
to regulate “prospecting activities” for all 
resources in the international ocean. 


t 


} 


The difficulty hes with the definition of 
the term. According to the current work- 
ing paper on the subject, “prospecting 
means the taking of geophysical, geo- 
chemical, oceanographic or atmospheric 
measurements, the collecting of rock, 
sediment and mineral samples from the 
surficial layers of the sea-bed, and estab- 
lishing maps of data and sample locations, 
provided that such activities do not signifi- 
cantly alter the surface or subsurface of 
the sea-bed or significantly affect the en- 
vironment or remove an’ appreciable 
quantity of material, for the purpose of 
evaluating the exploitability of the re- 
sources of a specific area” (my italics). 

From such general wording, it is clear 
that much of marine science — most of 
marine geology, geophysics and geochem- 
istry, for example —- may be character- 
ized as prospecting. Rather than a clear 
statement of intent, the draft article states 
that if the information derived from a sci- 
entific mission is used to evaluate the eco- 
nomic significance of mineralizations, 
then the activity could be viewed as pros- 
pecting and, thereby, subject to regula- 
tion by the ISA. Prospecting regulations 
would include such obligations as notifica- 
tion to and approval from the authority 
and the submission of annual reports. As 
presently conceived, these reports would 
include: 
eThe status of prospecting activities, in- 
cluding the amount of material recovered. 
for analysis. 

@Information on the degree to which the 
mission complies with ISA regulations. 

è Any information obtained during pros- 
pecting relating to the protection of the 
environment. 

Reports on any training carried out as 
part of the mission. l 
Observations on any activities affecting 
safety at sea. - 

The draft provisions also include a rec- 
ognition that the processing of notifica- 
tions will entail administrative costs on the 
part of the ISA, and that a fee schedule 
may be constructed. 

The major problem lies ın the inability 
of PrepCom to distinguish clearly between 
scientific research and inquiry directed ex- 
clusively at the development of informa- 
tion for future minerals exploitation. In a 
sense, this is a formal attempt to define the 
difference between basic and applied 
marine science. 

‘The delegates to UNCLOS I had 
faced a similar dilemma. That debate 
proved to be so difficult that it was decided 


not in scientific, but in geographical 


.terms. It was resolved that activities with- 


in the bounds of national jurisdiction. 
would ordinarily be regarded as applied 
science, but that it would be for the coastal 
state to allow exceptions within its marine 
science consent regime. It was also agreed 
that, outside national jurisdiction, no 
country or international organization had 
regulatory competence, so that scientific 
research would remain free. With the new 
developments, however, this old debate is 
rejoined. It is likely, but not certain, that 
PrepCom will draft formal recommenda- 
tions to the ISA on general prospecting 
rules. Even if the United States and cer- 
tain other countries (such as the United 
Kingdom and West Germany) remain 
outside the convention, the effect of these 
provisions, if accepted formally by the 
ISA, could be substantial. At the least, 
marine science conducted jointly with sci- 
entists from signatory countries (which in- 
clude Canada, Mexico, France and Japan) 
could be affected or curtailed. This situa- 
tion can be regarded as one cost of the 
refusal of critical deep-water-science 
states to participate actively in PrepCom 
bargaining. The United States has refused 
even to observe the proceedings, although 
permitted to attend the Final Act of the 
convention. Consequently, the interests 
of the international marine science com- 
munity have not been well represented. 
There may not be much time to put 
things right. At least three separate sur- 
veys of the international treaty ratification 
process (including those carried out by the 
UN secretariat and the government of Au- 
stralia) suggest that the requisite number 
of ratifications to the convention will be 
deposited by 1989, which means that the 
treaty will probably be in force by 1990. 
The United States and others may be los- 
ing an important opportunity to influence 
the development of an international reg- 
ulatory structure that could directly affect 
the conduct of marine science by their 
nationals. Without a more conscious 
effort by deep-water-science states, the 
international science community appears to 
have to depend on informal, but nonethe- 
lessimportant,avenuesofapproach. O 


Robert E. Bowen is a visiting investigator at the 


Marine Policy and Ocean Management Center, 
Woods Hole Oceanographic Institution, Woods 
Hole, Massachusetts 02543, USA, and a mem- 
ber of the Environmental Sciences Program at 
the University of Massachusetts.at Boston Har- 
ne Campus, Boston, Massachusetts 02125, 
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Molecular mechanisms of receptor desensitization ` 
using the -adrenergic receptor-coupled 
adenylate cyclase system as a model 
David R. Sibley & Robert J. Lefkowitz 


Howard Hughes Medical Institute, Departments of Medicine and Biochemistry, Duke University Medical Center, Durham, 
North Carolina 27710, USA 





Desensitization, the tendency of biological responses to wane over time despite the continuous presence 
of a stimulus of constant intensity, is observed in organisms as diverse as bacteria and mammals. 
Recently, new insights into the molecular mechanisms underlying these phenomena have emerged from 
the study of the receptors coupled to the ubiquitous second messenger-generating system’ adenylate 
cyclase. These mechanisms involve sequestration or down-regulation of the receptors from the cell 
surface as well as functionally significant covalent modifications of the receptors and/or guanine 


nucleotide regulatory proteins. 





DESENSITIZATION or adaptation is widespread in biological 
regulation, being found in, for example, chemotaxis of bacteria 
or mammalian polymorphonuclear leukocytes, neurotrans- 
mission by various neurotransmitters at synapses, stimulation 
of diverse physiological processes in eukaryotes by many drugs 
and sensory perception. Desensitization significantly limits the 
clinical use of many pharmacological agents. | 

Common to most systems that display desensitization is the 
existence of receptors that mediate the effects evoked by the 
specific stimuli. As such receptors constitute the first point of 
interaction of biologically active stimuli with cells, it is reason- 
able to suppose that regulation of receptor function constitutes 
the basis for some forms of desensitization. 

Among the receptor~effector systems that mediate the effects 
of many hormones and drugs in man and other animals few are 
more important than the adenylate cyclase system, which synthe- 
sizes the ubiquitous second messenger cyclic AMP. Stimulation 
of the enzyme by catecholamines such as adrenaline and 
noradrenaline is mediated by a specific receptor termed the 
B-adrenergic receptor. Persistent stimulation of the system by 
catecholamines or by synthetic analogues leads to rapid 
desensitization of the cAMP response with consequent blunting 
of physiological responses, for example, the bronchodilator 
effect of adrenaline in the treatment of asthma or the inotropic 
effect of adrenergic agents in the treatment of congestive heart 
failure. 

Recent progress in elucidating the molecular properties and 
functions of these receptors has shed new light on the mechan- 
isms by which regulation of the receptors leads to desensitiz- 
ation. Moreover, the mechanisms uncovered may be generally 
operative in mediating the desensitization response in diverse 
biological systems. Here we review recent advances in under- 
standing the molecular basis of desensitization, focusing on the 
receptor-coupled adenylate cyclase effector system (see refs 1~4 
for further reviews). 


Hormone-sensitive adenylate cyclase 


Before considering densensitization of adenylate cyclase, we 
review briefly the structural components of this system. Hormone 
receptor-coupled adenylate cyclase seems to be composed of at 
least three proteins: (1) receptors, for example, the B-adrenergic 
receptors for catecholamines; (2) guanine nucleotide-binding 
regulatory proteins (N, and N,); and (3) the enzyme catalytic 
unit (C) (Fig. 1). B-Adrenergic receptors have been purified 
recently- from various sources and seem to reside on single 
polypeptides of relative molecular mass (M,) ~60,000-65,000 


from mammalian tissues”*. In amphibian and avian erythrocytes 
the receptors consist of peptides of M, 58,000 (ref.7) and 
~40,000-50,000 (refs 8, 9), respectively. Guanine nucleotide- 
binding proteins are involved in both the stimulation (N,) and 
inhibition (N,) of adenylate cyclase activity. These proteins have 
also been purified and shown to exist as heterotrimers with 
subunit M,s of 42,000 (@,) or 41,000 (a,), 35,000 (8, or 8,) and 
~5,000 (y, or y,)'*!*. Less progress has been made in the 
characterization of the catalytic unit although a recent report 
of purification has indicated an M, of ~150,000 (ref. 12). 
Recent information concerning the activation of adenylate 
cyclase suggests that agonist binding to the receptor initiates 
the interaction of this protein with N,. The coupling of these 
two proteins is readily detectable by assessing high-affinity, 
guanine nucleotide-sensitive agonist binding to the receptor. 
The subsequent binding of guanine nucleotides to N, is thought 
to result in the dissociation of N, from the receptor and the 
dissociation of the œ- (GTP-binding) from the 8- and y-subunits 
of N,. The guanine nucleotide-liganded a, then combines with 
free or inactive catalytic units, which leads to stimulation of 


. adenylate cyclase activity. Activity is terminated by a GTPase 


activity present in œ, The interaction of N, with the catalytic 
unit can be assessed by measuring guanine nucleotide- or 
fluoride-ion (which interacts with N,) stimulation of adenylate 
cyclase activity. (For more detailed discussion of this topic, see 
refs 11, 13 and 14.) 


Patterns of desensitization 
An important problem in any mechanistic discussion of 


. desensitization is that of nomenclature. Hormone-induced de- 


sensitization has usually been divided into two general categories 
referred to as agonist-specific or homologous desensitization 
and agonist-nonspecific or heterologous desensitization. 
(Desensitization of cAMP-mediated cellular responses could 
occur through a reduction in the rate of cAMP synthesis, 
enhancement of cAMP degradation or egress of cAMP from 
the cell. Although the latter two events are known to occur in 
some systems, it seems as if the major regulating factor is the 
modulation of the rate of receptor-stimulated cAMP synthesis.) 
The term ‘homologous’ is used to designate that form of 
desensitization in which only the subsequent response to the 
desensitizing hormone is attenuated while the efficacy of other 
hormone activators is unimpaired. Conversely, heterologous 
desensitization indicates that incubation with one agonist 
attenuates the response to multiple, different agonists operating 
through distinct receptors. Moreover, in some instances the 
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pattern of unresponsiveness of adenylate cyclase in heterologous 
desensitization may be so broad as to include decreased sensi- 
tivity to activators that bypass the receptors, for example, fluor- 
ide ion or guanine nucleotides. Although the terms homologous 
and heterologous are essentially phenomenological, we will 
retain this distinction between the two forms of desensitization 
in the following discussion of their biochemical mechanisms. 


Homologous desensitization 


The status of the -adrenergic receptor during desensitization 
was first investigated in frog erythrocyte membranes after the 
cells were incubated with isoproterenol under conditions that 
lead to a homologous form of desensitization'*'*. There was a 
decrease in the number of assayable B-adrenergic receptors 
directly comparable to the decrease in hormone responsive- 
ness'*-*°. Moreover, the time ‘course of loss of B-adrenergic 
receptors paralleled the time course of loss of isoproterenol- 
stimulated adenylate cyclase activity'® In contrast, 
homologous desensitization in cultured mammalian cells 
exhibits more complex phenomena consisting of multiple 
sequential events**?!-*°. An initial step involves a rapid 
‘uncoupling’ of the receptors from the other components of the 
adenylate cyclase system, which may involve sequestration of 
receptors from the cell surface (see below). This can be measured 
as a loss in hormone-sensitive adenylate cyclase activity and a 
loss in high-affinity, nucleotide-sensitive agonist binding’***. A 
subsequent event involves a down-regulation of receptor number 
exhibited by a decrease in the ability to detect B-adrenergic 
receptors with radiolabelled antagonists*’?*?*”°. These pro- 
cesses seem to occur in all normal cells that exhibit homologous 
desensitization, although their kinetics can-vary considerably. 
Homologous desensitization is thus associated with alterations 
occurring at the receptor level of the adenylate cyclase system. 

The availability of a variant line (cyc”) of the S49 lymphoma 
cell that lacks the nucleotide regulatory protein N, and hence 
hormone-sensitive adenylate cyclase activity has provided an 
important tool for probing many aspects of receptor-adenylate 
cyclase function. Using this cell line, Green and Clark” have 
shown that agonist occupation of the 8-adrenergic receptor in 
the absence of receptor-N, coupling or cAMP generation is 
sufficient to promote desensitization in these cells. As cyc” cells 
lack a functional N, protein, hormone responsiveness can only 
be tested after reconstituting native N, from wild-type cells with 
cyc™ membranes. Catecholamine-stimulated adenylate cyclase 
activity was decreased when the cyc” membranes were derived 
from cells that had been preincubated with agonist””*®. As 
agonist desensitization of cyc” occurred in the absence of a 
functional N, protein or activation of adenylate cyclase, these 
data suggest that the defect in homologous desensitization is 
localized to the B-adrenergic receptor. This makes intuitive sense 
as any defect distal to the receptor protein (that is, nucleotide 
regulatory proteins or catalytic unit) would probably lead to a 
heterologous form of desensitization. Moreover, these data indi- 
cate that homologous desensitization is not cAMP-mediated. 

Other results have also suggested that the N, protein is un- 
altered during homologous forms of desensitization?”*’. Such 
studies have used reconstitution of N, from desensitized cells 
into acceptor -adrenergic receptor systems and have demon- 
strated no impairment of function. 


Receptor sequestration 


The fact that the locus of the defect i in homologous desensitiz- 
ation is the- B-adrenergic receptor and the observation that 
receptors seem to decrease in number during desensitization 
suggests that the receptors are sequestered or internalized away 
from the cell surface. Initial work by Chuang and Costa??? 
indicated that, in frog erythrocytes, loss of B-adrenergic recep- 
tors from the plasma membrane fraction was associated with 
an increase in binding activity in the cell cytosol. Stadel et al.” 
_ further showed that the B-adrenergic receptors that were located 

in the cytosolic fraction after desensitization in frog erythrocytes 
were sedimentable at 158,000g, indicating that these receptors 
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Fig. 1 Components of the hormone-responsive adenylate cyclase 
system. H, hormone; R, receptor; N, guanine nucleotide regulatory 
component; C, catalytic unit; s, stimulatory; i, inhibitory. 


were located in light membrane particles or vesicles. These light 
membrane particles were devoid of adenylate cyclase activity 
and the guanine nucleotide regulatory protein N,. These findings 
demonstrate that the receptors had been sequestered away from 
the cell surface into a membrane-compartment that was lacking 
the other components of the adenylate cyclase system. Compar- 
able findings have been obtained using the rat lung as an in vivo 
model of homologous desensitization*’. 

Harden and collaborators’? have also provided results con- 
sistent with a sequestration of receptors during homologous 
desensitization in astrocytoma cells. Sucrose-density gradient 
centrifugation of control astrocytoma cell lysates resulted in a 
single peak of B-adrenergic receptor binding activity located 
with enzyme markers for plasma membranes including adenylate 
cyclase activity. In contrast, after desensitization to isopro- 
terenol, the B-adrenergic receptors were present not only in the 
plasma membrane peak, but also in a peak sedimenting at light 
sucrose densities devoid of adenylate cyclase activity or other 
plasma membrane or cell surface markers. Similar findings have 
been reported ‘by these authors and others using C6 glioma 
cells??-*°. 

Recently, additional evidence for a sequestration event has 
come from studies with the newly developed radioligand *H- 
CGP-12177 (refs 41, 42). CGP-12177 is a relatively hydrophilic 
antagonist compared with the more hydrophobic antagonist 
radioligands used previously to study B-adrenergic receptors. 
Because of its relative hydrophilicity, 7H-CGP-12177 would be 
expected to label only the 8-adrenergic receptors present on 
the cell surface when binding assays are performed on intact 
cells. Conversely, hydrophobic antagonists might be expected 
to penetrate into the cell and additionally label those receptors 
that are sequestered. Hertel et al.2**° have shown, using C6 
glioma cells, that isoproterenol treatment rapidly induces a loss 


- of B-adrenergic receptors as assessed by binding of *H-CGP- 


12177 to intact cells, which parallels the decrease in hormone- 
stimulated adenylate cyclase activity. However, the total number 
of receptors determined by binding of the hydrophobic antag- 
onist radioligand *H-dihydroalprenolol does not change. 

An additional finding which may be related to the agonist- 
induced sequestration of B-adrenergic receptors is the observa- 
tion that, as assessed by radioligand binding studies on intact 
cells, the affinity of the receptors for agonists declines with time 
during agonist exposure to intact cells**“°. Preincubation of 
cells with agonists converts about half the B- adrenergic receptors 
from a form exhibiting high affinity for the agonists to a form 
with lower apparent affinity. Antagonists do not have this effect. 
These results have been interpreted to indicate that the low- 
affinity form of the B-adrenergic receptor observed in such 
whole-cell experiments results from slow equilibration of the 
hydrophilic agonists with a population of 6-adrenergic receptors 
that have been internalized away from the cell surface because 
of agonist exposure. Interestingly, this effect occurs in the $49 
lymphoma cyc™ variant cells that lack a functional N, pro- 
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Fig. 2 Homologous desensitization of $-adrenergic receptor 
(8 AR)-coupled adenylate cyclase. 


teints, Apparently, the rapid change in affinity of the g- 
adrenergic receptor for agonists requires neither the interaction 
of the receptor with N, nor the activation of adenylate cyclase 
and generation of cAMP. This is consistent with observations 
that showed that agonist-induced desensitization does not 
require B-adrenergic receptor-N, coupling in $49 cells?”-”8, 


Receptor down-regulation 


As well as an early desensitization/sequestration event, homol- 
ogous desensitization in some cells seems to be associated with 
an actual disappearance or loss of receptors such that they 
cannot be detected with any radioligand in any cell frac- 
tion?!??*425. This phenomenon has come to be referred to as 
‘down-regulation’ of the receptors as opposed to the sequestra- 
tion of receptors described above. Down-regulation occurs more 
slowly than the initial sequestration process in most cell types, 
and the exact fate of these B-adrenergic receptors is not known 
with certainty. In some cases it seems clear that the receptors 
are proteolytically degraded and new receptor synthesis is 
required to regenerate them, In others, the number of 
B-adrenergic receptors can return to control levels even in the 
absence of new protein synthesis*”>’. This suggests that these 
down-regulated receptors can regain their binding activity with 
time. Interestingly, in contrast to the sequestration event, B- 
adrenergic receptor-N, coupling seems to be required for 
maximal down-regulation to occur. Thus, in $49 cye” and unc 
variant cells, which possess lesions in N,, agonist-induced down- 
regulation of -adrenergic receptors does not occur or is blunted 
despite the fact that these cells apparently exhibit the desensitiz- 
ation/sequestration process”'****, This suggests that the down- 
regulation process involves an N,-mediated targeting of the 
receptors through an as yet undefined mechanism. 

Although f$-adrenergic receptor-N, coupling seems to be 
necessary for down-regulation, activation of adenylate cyclase 
and the generation of cAMP is not required. Experiments with 
HC-1 hepatoma cells that possess B-adrenergic receptor and N, 
but not a functional catalytic unit demonstrated that isopro- 
terenol pretreatment could produce down-regulation of hydro- 
phobic antagonist binding”™*. Additionally, the S49 variant kin™, 
which lacks cyclic AMP-dependent protein kinase, exhibits 
desensitization and down-regulation of B-adrenergic receptors 
in response to catecholamine exposure, indicating that this 
kinase is not involved in these processes*'**. 
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Receptor uncoupling 


Homologous desensitization thus seems to be composed of 
multiple related events serving to sequester or remove the recep- 
tor from its normal position in the plasma membrane. Although 
the receptor is eventually sequestered from N, and C during the 
desensitization process, a central question relates to whether the 
receptor is functionally modified as well. Strulovici et al”? have 
tested the functional activity of the sequestered receptors that 
can be recovered in light membrane particles in frog eryth- 
rocytes. By fusing these receptors to a cell (Xenopus laevis 
erythrocyte) that possesses the adenylate cyclase components 
N, and C but lacks B-adrenergic receptors, sequestered receptors 
were shown to be functionally active. Similar conclusions have 
been reached by Clark et al.** in characterizing the sequestered 
receptors found in S49 cell light membrane fractions. Strasser 
and Lefkowitz?’ have also found that treatment of desensitized 
S49 cells with the fusogen polyethylene glycol is sufficient to 
restore the catecholamine-stimulated enzyme activity to control 
levels. Such studies suggest that homologous desensitization 
results primarily from the physical sequestration of the receptors. 
However, results of such studies must be interpreted in the light 
of the caveat that the reconstitution and/or fusion procedures 
might reverse a functional alteration 

In contrast, Kassis and Fishman, using membrane- 
membrane and membrane-cell fusion techniques, have demon- 
strated that catecholamine-induced homologous desensitization 
in various cultured cells does indeed result in a functional 
alteration of the B-adrenergic receptor. Perkins and col- 
leagues***’ have also presented evidence that very short (1- 
2 min) exposure of astrocytoma cells to isoproterenol leads to 
desensitization of hormone-sensitive adenylate cyclase, yet the 
B-adrenergic receptors are not sequestered at this time. 
Moreover, pre-treatment of astrocytoma cells with concanavalin 
A blocks the sequestration process in these cells, yet does not 
block the desensitization and uncoupling events which occur 
maximally. These data suggest that a functional change in the 
receptor occurs early in the desensitization process but that this 
modification might be reversed by the time sequestration is 
complete. It is thus not clear if physical sequestration alone can 
completely account for the receptor alterations observed in 
homologous desensitization. 


Homologous desensitization mechanisms 


The biochemical mechanisms involved in homologous 
desensitization are not yet known with certainty. Studies of 
homologous desensitization in cell-free systems have indicated 
a requirement for phosphorylating conditions?’ and in at least 
one study’, demonstrated that the desensitization could be 
reversed by phosphatase treatment. Recently, Sibley et al.® have 
shown directly that homologous desensitization of adenylate 
cyclase in frog erythrocytes is associated with phosphorylation 
of the B-adrenergic receptor. This phosphorylation is induced 
in a stereospecific fashion by isoproterenol and is blocked by 
the B-adrenergic antagonist propranolol. The phosphorylation 
state of the receptor stoichiometrically increases ~threefoid on 
densensitization. Interestingly, prostaglandin E, (PGE,) does 
not promote §-adrenergic receptor phosphorylation despite the 
fact that PGE, activates adenylate cyclase in these cells®°. This 
observation agrees well with the notion that homologous 
desensitization is not cAMP-mediated. The nature of the protein 
kinase that phosphorylates the $-adrenergic receptor during 
homologous desensitization is unknown. 

There are at least two potential mechanisms by which receptor 
phosphorylation could contribute to the homologous desensitiz- 
ation. One possibility is that the phosphorylation induces or 
triggers the sequestration of the receptor from the cell surface. 
Another possibility is that the phosphorylation results in a 
functional modification in the receptor protein such that it is 
less efficacious in activating adenylate cyclase. If the phosphoryl- 
ation promotes an early occurring functional change in the 
receptor then, as discussed above, the receptor phosphorylation 
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might be reversed on sequestration. Obviously, the relationship 
between receptor phosphorylation, sequestration and any func- 
tional modification will require the resolution of the desensitized 
receptors into plasma membrane and sequestered fractions and 
the determination of the phosphorylation states and function- 
ality of each. 

Another major question associated with homologous 
desensitization concerns the precise cellular location of the 
sequestered receptors. One hypothesis is that the receptors are 
internalized into intracellular vesicles via a clustering/ coated 
pit mechanism as demonstrated for peptide hormone receptors”. 
The observation that on lysis of desensitized cells, the 
sequestered receptors seem to have been translocated into light 
membrane particles suggests that this is the case. However, 
Strader et al. © have shown that, in frog erythrocytes, the 
production of these vesicular particles is dependent on the 
method of cell lysis. Using gentle methods of lysis, the 
sequestered B-adrenergic receptors were shown to be localized 
in the plasma membrane fraction, indicating that in the intact 
cell the receptors are never present in free-floating cytoplasmic 
vesicles but rather remain contiguous with the inner surface of 
the plasma membrane. A definitive localization of the receptors 
must await development of a means of visualizing the B- 
adrenergic receptors in intact cells either by electron microscope 
or by fluorescent techniques. 


Heterologous desensitization 


Heterologous forms of desensitization of adenylate cyclase occur 
in many tissues and cell types. As discussed above, this form 
of desensitization represents a broad pattern of refractoriness 
in which the response to multiple hormones and sometimes 
nonhormonal effectors is impaired. In contrast to homologous 
desensitization (which may be unimechanistic), heterologous 
desensitization certainly occurs by more than one mechanism. 
In many cell types, heterologous desensitization occurs in addi- 
tion to the homologous form of desensitization, thus making its 
analysis difficult. In general, however, the heterologous response 
occurs with a slower onset than the homologous one, suggesting 
that heterologous desensitization represents an adaptive 
response to relatively prolonged stimulation. 

Perkins and colleagues*”'**’ were among ‘he first to investigate 
heterologous desensitization using clonal astrocytoma cells. Pro- 
longed incubation with either B-adrenergic agonists or prosta- 
glandins diminished the subsequent capacity of both hormones 
to elevate intracellular cAMP levels. Incubation of the cells with 
dibutyryl cAMP produced refractoriness to both catecholamines 
and prostaglandins, suggesting that heterologous desensitization 
is CAMP-mediated. Brooker and coworkers have also shown 
that in C6-2B rat glioma cells a heterologous form of adenylate 
cyclase desensitization can be elicited with catecholamines and 
other agents that elevate intracellular cAMP, including cAMP 
analogues, cholera toxin, forskolin and phosphodiesterase 
inhibitors ®. No loss of B-adrenergic receptor binding was 
found. 


Alteration of N, 


Cultured fibroblasts provide an important model system for 
clarifying some mechanisms of heterologous desensitization. In 
these cells, catecholamines induce homologous desensitization 
whereas PGE, induces a heterologous form of desensitization. 
Kassis and Fishman® demonstrated that when the N, protein 
from PGE, -desensitized fibroblasts is reconstituted into S49 cyc” 
membranes, it is less efficient in restoring adenylate cyclase 
activity compared with control or catecholamine-treated cells. 
These results suggest that at least one mechanism of the 
heterologous desensitization in fibroblast cells is an impaired 
functionality of the N, protein. Heterologous desensitization 
induced by prostaglandin E in liver’? and by human chorionic 
gonadotropin in ovaries’! also results in an impaired functional- 
ity of N, as determined with S49 cyc” membrane reconstitution. 
In contrast, Rich et al.” have reported that glucagon-induced 
heterologous desensitization in MDCK cells was not associated 
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Fig. 3 Heterologous mechanisms of adenylate cyclase desensitiz- 
ation 


with N, alterations but instead involved increases in the apparent 
levels of the inhibitory guanine nucleotide regulatory protein, 
N,. This novel finding suggests that alterations in the N,/N, 
stoichiometry are another mechanism by which heterologous 
desensitization can be achieved. 

Additional evidence for a functional alteration in N, in 
heterologous desensitization has come from studies with avian 
erythrocytes. Incubation of turkey, pigeon and duck erythrocytes 
with catecholamines leads to pronounced desensitization of 
catecholamine-stimulated adenylate cyclase activity in mem- 
brane preparations, with no loss of B-adrenergic receptors? 7>. 
Although only B-adrenergic receptors are coupled to adenylate 
cyclase in these cells, there are also significant decrements in 
guanine nucleotide- and fluoride ion-stimulated enzyme 
activities, indicating a heterologous form of desensitization. 
Hudson and Johnson initially found that desensitization of 
pigeon erythrocytes did not alter the ability of solubilized N, 
to reconstitute adenylate cyclase activity in S49 cyc” mem- 
branes”. They did find, however, that desensitization resulted 
in a diminished ability of agonists and/or guanine nucleotides 
to induce a conformational change in the N, protein. Different 
results were obtained by Briggs et al.’°, who found that when 


. the solubilized N, protein of turkey erythrocytes was carefully 


quantitated by labelling with °*P-NAD* and cholera toxin, 


- desensitization resulted in a significant reduction of the ability 


of N, to reconstitute enzyme activity in $49 cyc” membranes. 
Thus, as with the fibroblast cells, heterologous desensitization 
in avian erythrocytes is associated with an impairment in N, 
function. 


Receptor alterations 


Although desensitization of avian erythrocytes results in 
impaired N, functionality, this does not exclude other potential 
lesions in the adenylate cyclase system. In fact, the observation 
that catecholamine-stimulated adenylate cyclase activity is 
desensitized by ~50% whereas the fluoride ion and guanine 
nucleotide activities are reduced by only 10-20% after agonist- 
induced desensitization is indicative of other processes that 
occur as well. Stadel et al.” first provided evidence for this 
possibility by demonstrating that the B-adrenergic receptor pep- 
tides, detected by photoaffinity labelling and SDS-polyacryl- 
amide gel electrophoresis, were of larger apparent M, after 
desensitization of turkey erythrocytes, indicating that the 
desensitization process coincided with a stable structural 
modification of the receptor. 

Additional evidence for a covalent/functional modification 
of the receptor protein has been obtained by partially purifying 
the $-adrenergic receptors from desensitized turkey eryth- 
rocytes, reconstituting them into phospholipid vesicles and fus- 
ing them with X. laevis erythrocyte acceptor cells that possess 
N, and C but no $-adrenergic receptors’®. The B-adrenergic 
receptors from desensitized cells were less efficient than those 
from control cells in reconstituting catecholamine responsive- 
ness of the X. laevis adenylate cyclase activity. 


-Adrenergic receptor phosphorylation 


Using **P incorporation it was shown that the §-adrenergic 
receptor undergoes phosphorylation during the desensitization 
process in turkey erythrocytes”’; Sibley et al.®° have investigated 
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this process in detail. The G-adrenergic receptor is stoichiometri- 
cally phosphorylated under ‘basal’ conditions containing 0.7- 
1.0mol phosphate per mol receptor, with this stoichiometry 
increasing to 2-3 mol per mol on maximal catecholamine- 
induced desensitization. Moreover, the phosphate/receptor 
stoichiometry is tightly correlated with the degree of desensitiz- 
ation as tested under many experimental conditions®”. Interest- 
ingly, incubation of the cells with cAMP analogues promotes 
only partial phosphorylation of the 8-adrenergic receptor, which 
is correlated with the partial desensitization of adenylate cyclase 
that these compounds evoke’. These data thus suggest that in 
this sytem, heterologous desensitization is closely associated 
with phosphorylation of the B-adrenergic receptor. 

Additional evidence for a role of phosphorylation in avian 
erythrocyte desensitization has come from experiments using a 
cell-free model system. Nambi et alë’? demonstrated 
catecholamine-induced desensitization in turkey erythrocyte 
lysates and showed that this process required added ATP, Mg** 
and factor(s) present in the cytoplasmic fraction of the cell. If 
[y-" P]ATP was also used, isoproterenol could be shown to 
induce phosphorylation of the f-adrenergic receptor in a 
stereospecific fashion, similar to that observed using intact cells. 

Recently, Benovic et al% have examined a cAMP-mediated 
phosphorylation of mammalian lung B-adrenergic receptor that 
is similar to the process exhibited by avian erythrocytes. Using 
pure lung receptor and pure cAMP-dependent protein kinase, 
it was shown that isoproterenol could enhance the rate of recep- 
tor phosphorylation by ~twofold. Reconstitution of the phos- 
phorylated receptor with the N, protein demonstrated dimin- 
ished agonist-promoted receptor-mediated stimulation of 
GTPase activity compared with controls. 

An interesting question concerning avian erythrocyte 
desensitization is why cAMP analogues produce only partial 
effects. One intriguing hypothesis, suggested by the studies of 
Benovic et al.®°, is that to obtain maximal phosphorylation of 
the receptor, agonist occupancy must occur. Another possibility 
is that the receptor phosphorylation is not completely mediated 
by cAMP and that other protein kinase systems may also phos- 
phorylate the B-adrenergic receptor. In this regard, we®”** and 
others”? have shown recently that tumour-promoting phorbol 
diesters, compounds that potently activate protein kinase C, can 
stimulate B-adrenergic receptor phosphorylation and induce 
adenylate cyclase desensitization in avian erythrocytes. In duck 
erythrocytes, the phorbol diester-promoted B-adrenergic recep- 
tor phosphorylation was shown to be nonadditive with. that 
produced by catecholamines, suggesting a common mechanism 
or pathway of action®* 


Heterologous desensitization mechanisms 


Heterologous desensitization in avian erythrocytes is thus associ- 
ated with modifications in the adenylate cyclase system at both 
the level of the receptor and the guanine nucleotide regulatory 
proteins. It should be pointed out that structural and/or func- 
tional alterations of the enzyme catalytic unit cannot be excluded 
although there is no evidence for this at present. 

It seems reasonable to propose that the mechanisms of 
heterologous desensitization elucidated in erythrocytes are not 
unique to this cell type. Thus, one major means of achieving 
heterologous desensitization would be modification(s) in the N, 
or N, proteins as discussed above. The nature of these 
modifications is not yet known, although an attractive hypothesis 
is that a phosphorylation event is involved. Although, in some 
systems, cAMP seems to induce the N,/N, modification’”**, in 
others it seems not to be involved’**®’ 

Another major pathway of heterologous desensitization is 
modification of the receptor proteins. In this case the effect is 
not receptor sequestration or down-regulation as in homologous 
desensitization but a functional uncoupling of the receptor from 
adenylate cyclase. Evidence from avian erythrocytes indicates 
that phosphorylation is the probable mechanism for producing 
the functional modification. Moreover, because of the 
heterologous nature of the desensitization it is reasonable to 
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suppose that all the receptors coupled to adenylate cyclase would 
probably be modified in this way, that ts, phosphorylated. 

It is likely that differing extents of receptor and N,/N, 
modifications occur in different cell types and under different 
conditions. In some cells that exhibit heterologous desensitiz- 
ation the modification in N, or N, might predominate. In other 
cells, including the erythrocytes, modification of the receptor 
protein may be the most relevant mechanism. Evidence for the 
latter possibility has come from several systems that exhibit 
heterologous desensitization in the absence of any alterations 
in guanine nucleotide- or fluoride ion-stimulated enzyme 
activities 78589, 


Other examples of desensitization 


As noted above, diverse biological phenomena are characterized 
by adaptive processes analogous to the desensitization observed 
in -adrenergic receptor-coupled adenylate cyclase systems. Not 
surprisingly, many of the other adenylate cyclase-coupled recep- 
tors such as those for glucagon, vasopressin and parathyroid 
hormone display densensitization phenomena qualitatively 
similar to those described above. Thus far, little information is 
available concerning the molecular mechanisms involved. It will 
be of interest to see if these are identical to those uncovered for 
the B-adrenergic receptors. 

a,-Adrenergic receptors are coupled to processes that lead 
to the turnover of phosphatidylinositol bisphosphate and the 
generation of two potential second messengers: diacylglycerol, 
which activates protein kinase C, and inositol triphosphate, 
which mobilizes Ca?*. Recently it has been demonstrated that 
when protein kinase C is activated by phorbol diesters in a line 
of cultured smooth muscle cells, the a, receptors are 
stoichiometrically phosphorylated and functionally un- 
coupled”? 

A fascinating analogy may be drawn with a potential mechan- 
ism of light adaptation recently elucidated for the rhodopsin- 
coupled effector system in the rod outer segments of the retina. 
As reviewed in detail elsewhere, this system is remarkably — 
analogous to hormone responsive adenylate cyclases?™. The 
analogous components are a photon of light instead of hormone, 
rhodopsin instead of receptor, a GTP-binding and hydrolysing 
protein termed transducin instead of N,, and cGMP phos- 
phodiesterase, which controls retinal concentrations of cGMP, 
instead of the effector adenylate cyclase enzyme. The exact way 
in which this system functions to transduce a light signal to a 
visual impulse is unclear. However, the functional and structural 
analogies of the system with the adenylate cyclase are striking. 
Thus, interaction of light with the ‘receptor’ rhodopsin precipi- 
tates a series of conformational changes in rhodopsin that ulti- 
mately leads to interactions with the coupling protein transducin. 
The latter protein then stimulates the activity of the phos- 
phodiesterase. A fourth protein component of this system, the 
enzyme rhodopsin kinase, is capable of specifically phosphory- 
lating rhodopsin and thereby inhibiting its ability to interact 
with and stimulate transducin?*™*. This phosphorylation reac- 
tion seems to require the bleached form of rhodopsin as its 
substrate, that is, the form that has interacted with the ‘agonist’ 
light. Thus, this system is desensitized by an agonist-promoted 
phosphorylation reaction that uncouples the receptor from its 
GTP-binding regulatory protein. This mechanism is strikingly 
parallel to that described above for desensitization of the 8- 
adrenergic receptor by phosphorylation. Moreover, it raises the 
interesting possibility that, by analogy with the rhodopsin sys- 
tem, there might be an unidentified specific B-adrenergic recep- 
tor kinase involved in mediating receptor phosphorylation and 
desensitization. 

A further example of how covalent modification of a receptor 
protein can lead to its desensitization or adaptation is found in 
bacterial chemotaxis receptors. These bacterial membrane pro- 
teins are able to ‘sense’ gradients of certain nutrients such as 
galactose, ribose or aspartate and influence the mobility of the 
cells so that they swim in the direction of the gradient. However, 
even as the intensity of the chemotactic stimulus increases, the 
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‘signal’ generated by the receptors tends to remain constant. 
This desensitization reaction seems to be mediated by a specific 
methylation of the receptor protein’, Again, by analogy with 
both the rhodopsin system and the B-adrenergic receptor- 
coupled adenylate cyclase system, the presence of an ‘agonist’ 
or effector on the receptors induces conformational changes that 
facilitate the subsequent covalent modification leading to the 
adaptation. Thus, even at this very primitive level of evolution, 
regulation of receptor protein function by covalent modification 
can be observed, thus presaging the existence of analogous 
mechanisms in vertebrates by hundreds of millions of years. 


Summary ' 


Multiple mechanisms seem to be involved in regulating the 
responsiveness of hormone receptor-coupled adenylate cyclase 
systems. These mechanisms at least involve the receptors and 
nucleotide regulatory proteins. With the recent development of 
methods for purifying the catalytic unit of the enzyme it will be 
possible to assess whether it is also a locus for such regulatory 
phenomena. 

At least two major pathways of receptor regulation have been 
uncovered. Homologous desensitization (Fig.2) involves the 
uncoupling and translocation of the receptors out of their normal 
plasma membrane environment. This process sequesters the 
receptors away from their effector, the regulatory and catalytic 
components of adenylate cyclase. The site of receptor sequestra- 
tion is unclear and might lie within the plasma membrane or 
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within the cell. The sequestered receptors can recycle to the cell 
surface or become down-regulated, perhaps being destroyed 
within the cell. Phosphorylation of the receptors through a 
non-cAMP-mediated process has been shown to be associated 
with homologous desensitization. This phosphorylation event 
may serve either to uncouple functionally the receptors or to 
trigger their sequestration from the cell surface or both. 

In heterologous desensitization (Fig. 3), receptor function is 
regulated by phosphorylation in the absence of receptor 
sequestration or down-regulation. This covalent modification 
serves to functionally uncouple the receptors, that is, to impair 
their interactions with the guanine nucleotide regulatory pro- 
teins. Several protein kinases seem to be capable of promoting 
phosphorylation of the receptors including the cAMP-depen- 
dent kinase and protein kinase C. In addition to the receptor 
modification, heterologous desensitization seems to be associ- 
ated with functional modifications (phosphorylation?) at the 
level of the nucleotide regulatory proteins (N, and N,) (Fig. 3). 
These mechanisms are analogous to mechanisms that have 
evolved to regulate such disparate receptors as the light receptor 
rhodopsin and bacterial chemotaxis receptors by covalent 
modification. Further studies of the mechanisms of desensitiz- 
ation of adenylate cyclase-coupled receptors are thus likely to 
help elucidate modes of regulation of a wide variety of receptor- 
coupled functions in diverse types of cells. 
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An atmospheric general-circulation model‘has been used to simulate the climates of January and July at 3,000-yr intervals. 
From 15 kyr BP onwards, the model simulates a strengthened monsoon circulation and increased precipitation in the 
Northern Hemisphere tropics, culminating at 9-6 kyr Bp. The computed hydrological budgets were used to estimate the 
area of closed lakes between 8.9 and 26.6° N, giving, with minor exceptions, results in good agreement with geological 


evidence. 


FLUCTUATIONS in the depth and area of closed lakes (lakes 
without surface outlets) provide the most widespread, best dated 
and most spectacular evidence for late Quaternary climatic 
changes in low latitudes'~’. At the last glacial maximum, ~18 kyr 
BP, lake levels in the northern tropics were low or falling’. This 
drying trend continued until 12.5 kyr BP, when water levels 
began to rise again. At the’culmination of the ensuing lacustral 
phase, ~9-8 kyr Bp, the Saharan, Arabian and Thar Deserts 
were dotted with lakes and swamps. Water levels continued to 
be high until ~5 kyr BP, when desiccation set in. The extent of 
present-day lakes is broadly comparable with 18 kyr BP. 

Changes in the orbital parameters of the Earth may provide 
a partial explanation for the observed trend in tropical lake 
levels. The seasonal cycle of solar radiation was considerably 
amplified in the Northern Hemisphere between ~15 and 6 kyr 
BP because perthelion occurred in northern summer (it now 
falls in northern winter) and because the axial tilt was almost 
1° larger than today”. At the time of maximum amplification, 
11-10 kyr BP, insolation was ~30 W m~? (7%) greater than 
today in July and ~25 W m`? (7%) less in January. These 
changes in seasonal solar radiation were larger than the forcing 
perturbations typically used in sensitivity experiments: for 
example, a 1-2% change in the solar constant (global average 
3.4-6.8 W m~*)'” or a doubling of atmospheric CO, (correspond- 
ing to a 4Wm ~ change in the radiative heating at the Earth’s 
surface)''. Note, however, that ours is a seasonal rather than 
an annual mean perturbation. 

Because of their different thermal properties, Northern Hemi- 
sphere continents and ocean surfaces should have responded 
very differently to the increased amplitude of the seasonal radi- 
ation cycle. The large heat-storage capacity (thermal inertia) of 
the oceanic mixed layer should have damped the seasonal 
response of sea-surface temperatures (SST) to the amplified 
solar-radiation cycle, whereas the land-surface temperature 
response would have been large. For a 100-m mixed-layer ocean, 
the expected temperature change is negligible for purposes of 
sensitivity experiments (~+0.5 K); for land surfaces, it is much 
larger, about +5 K (warmer in July and colder in January in both 
cases). From hydrostatic considerations, these temperature 
changes should have caused lower atmospheric pressures over 
land and higher pressures over the oceans in July, with the 
‘opposite changes in January. In other words, the amplified 
seasonal cycle of solar radiation in the Northern Hemisphere 
should have amplified the normal monsoon circulations, giving 
rise to stronger summer and winter monsoons. Experiments with 
atmospheric general-circulation models (AGCMs) for the radi- 
ation conditions at 9kyrBP have confirmed this enhanced 
monsoonal response to changed orbital forcing and indicated 
substantial increases in precipitation (P) and precipitation 
minus evaporation (P — E} in the Northern Hemisphere tropics 
and subtropics around 9 kyr BP (refs 12-14). In contrast, the 


Southern Hemisphere exhibited reduced seasonality of solar 
forcing (compared with the present), because perihelion was 
then in southern winter. 


Experimental design 


We have conducted a more extensive series of palaeoclimatic 
experiments with the National Center for Atmospheric Research 
(NCAR) Community Climate Model (CCM) for 18, 15, 12, 9, 
6 and 3 kyr BP (ref. 15), to study the evolution of climate since 
the last glacial maximum. (A detailed description and evaluation 
of the CCM and its simulation of modern perpetual January 
and July climates is given in ref. 16.) The model incorporates 
atmospheric dynamics based on the equations of fluid motion 
and includes radiative and convective processes, cloudiness, 


_ precipitation and evaporation. Orographic influences of moun- 


tains are included. SST, sea-ice limits, snow cover, land albedo 
and wetness, and atmospheric composition are prescribed. The 
model has nine levels in the vertical and an effective horizontal 
resolution of 4.4° lat. by 7.5° long. 

The experimental design for the palaeoclimatic simulations 
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Fig. 1 Schematic diagram of major changes since 18 kyr BP in 
external forcing (Northern Hemisphere solar radiation in June- 
August (Siza) and December-February (Spp), as per cent differ- 
ence from present) and. internal boundary conditions (land ice!” 
as per cent of 18 kyr BP ice volume, global mean-annual SST 
(departure from present, K), excess glacial aerosol****, including 
sea ice, on an arbitrary scale, and atmospheric CO, concentra- 
tion'®!9 (p.p.m.v )). Arrows correspond to the seven sets of simula- 
tion experiments with the CCM One experiment for 18 kyr BP 
included the lowered CO, concentration (200 p.p m v, large solid 
circle); the main series of experiments used the same CO, con- 
centration as the control case (330 p.p.m.v ) rather than the actual 
stepwise increase’. 
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Table 1 Area averaged values of (P — E) in control cases and in palaeoclimatic experiments 





CCM version with fixed 
soil moisture 
With ice sheet 


No ice sheet 


Length of integration (days) 1x90 3 x90 1x90 

CO, (p p.m v.) 330 330 330 
@ kyr BP (control) 

Summer (mm day~')t 1.3 

Winter (mm day!) —1.2 

Annual average (mm day‘) 0.1 

Annual total (mm) : 28 
9 kyr BP 

Summer (mm day~') 24° 2.6* 

Winter (mm day™') 

Annual average (mm day‘) (0.9)* 

Annual total (mm) (331)* 
18 kyr BP 

Summer (mm day~') 1.3 

Winter (mm day™') 

Annual average (mm day~*) (0.2) 

Annual total (mm) (68) 


CCM version with interactive 
soil moisture 
No ice sheet With ice sheet 


3 x90 3 x90 3 full annual cycles 1 full annual cycle 
330 200 330 330 
1.4 
—0.1 
0.4 
149 
2.0** 2 att 
~(),3*** —0.1 
0.6*** 0.7* 
22700" 270* 
1.3 1.1 
—0.9** —0.9** 
0.2 0.1 
67 38 


The estimated annual (P — E) based on July 1 x90 and January 3 x 90-day integrations is shown in parentheses. Significance of differences from 


control case (two-sided t-test) *p<0.1, **p<0.05, ***p<0.01. 


t Fixed soil-moisture version, July. Interactive soil-moisture version, June/ July/August. 
+ Fixed soil-moisture version, January. Interactive sorl-moisture version, December/ January/February. 


is shown in Fig.1. Appropriate changes were made in both 
external and internal boundary conditions. The solar radiation 
in the model was set to past values by adjusting the eccentricity, 
tilt and time of perihelion. The solar-radiation values shown in 
Fig. 1 are average departures for summer and winter over the 
Northern Hemisphere. Changes in the Southern Hemisphere 
were of opposite sign. 

The surface-boundary conditions were varied between experi- 
ments as follows. For 18 and 15 kyr BP, ice-sheet locations and 
heights, sea-ice limits, land-surface albedos, SST and sea level 
follow ref. 17. In one experiment, the atmospheric CO, con- 
centration at 18 kyr BP was also lowered from its present con- 
centration of 330 p.p.m.v. (parts per 10° by volume) to its esti- 
mated glacial level of 200 p.p.m.v. (refs 18, 19). From 15 kyr BP 
onwards, the CLIMAP boundary conditions were altered to 
reflect the known patterns of deglaciation. These changes are 
indicated on Fig.2. At 12kyr BP, the extent of the North 
American and Eurasian ice sheets was reduced and their volume 
set at ~40% of glacial maximum. The sea level was raised by 
the appropriate amount of meltwater addition. The sea-ice edge 
was positioned half-way between 18-15 kyr BP and modern 
limits. SST anomalies were reduced to half of their 18-15 kyr 
BP values, except in the North Atlantic, where they were kept 
unchanged to approximate the cold conditions that resulted 
from the addition of glacial meltwaters’’. Land albedo was set 
to modern values at 12 kyr BP, except over the residual North 
American and European ice sheets. In the 9 kyr BP experiment, 
the only surface-boundary condition that differed from today 
was the small ice sheet over eastern North America (~10% 
of the full glacial volume). For 6 and 3 kyr BP, the surface- 
boundary conditions were identical to the control simulation 
(0 kyr BP). 

Our January and July control experiments and all of the 
January palaeoclimatic experiments consisted of 450 days of 
simulation. A typical 450-day record was divided into three 
90-day segments separated by 60-day segments. The three 
independent 90-day averages were then combined to form an 
‘ensemble mean’. For each variable, the difference between the 
ensemble mean of each palaeoclimatic experiment and the con- 
trol run was tested for statistical significance using a measure 
of the natural variability of the model derived from the 6 
individual 90-day averages”. Our main series of July palaeocli- 
matic experiments consisted of 150-day integrations, from which 


one 90-day segment was extracted and averaged; in these cases, 
the natural variability of the model was estimated only from the 
control experiment. The shorter runs were possible because the 
natural variability is lower in July than in January in the North- 
ern Hemisphere. However, to test whether or not the results of 
these shorter July experiments would differ significantly from 
the results of longer simulations, 450-day July experiments were 
run for 9 and 18 kyr BP and compared with the 150-day experi- 
ments (Table 1). The longer integrations produced similar 
results but the statistical significance of the results was generally 
higher. 

The perpetual January and July averages, appropriately 
weighted for the length of the astronomical seasons at each time 
period (18-0 kyr BP), were averaged to approximate the annual 
mean. In more lengthy simulation experiments, in which the 
entire seasonal cycle was simulated, we found the true annual 
mean and the annual mean estimated from the average of 
January and July simulations to be in close agreement. (For a 
detailed summary of the model characteristics, computational 
and statistical procedures, boundary conditions and simulated 
global palaeoclimatic patterns, see refs 14, 15.) 

Although the CCM has a spatial resolution sufficient, in prin- 
ciple, to define the regional details of climatic change, we have 
chosen to present the area-averaged results for an array of 55 
land grid points in the Northern Hemisphere tropics (8.9- 
26.6° N) (Fig. 2). This latitudinal belt encompasses the region 
of most coherent lake-level anomalies>®*®. From the point of 
view of the natural variability of the model, averaging over this 
large area leads to much more stable and statistically significant 
results than an examination of individual grid squares. Of the 
55 grid points, 37 (67%) are located in Africa, 15 in South and 
South-east Asia, and 3 in Central America (Fig. 2). 

A terminal lake responds to an increase in runoff by expanding 
in area. Provided that interbasin transfers of groundwater are 
negligible, equilibrium is established when 


z= A, /Ag= R/(E,— PL) (1) 


where z is the lake-area ratio, A is area, R is runoff, E is 
evaporation, P is precipitation and the subscripts L and B refer 
to the lake and its drainage basin, respectively”. In arid and 
semiarid areas, E; > Ep. At equilibrium, R = Pg- Ep. 

The equilibrium extent of closed lakes in the study area at 
each time period was calculated from the model-generated area 
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averages of P and (P—E), using the modified equation 
z=(1/eX(P-E)/ (EL-P) (2) 


where e is the ratio of total land area to the area of internal 
drainage (endorheic area) within this belt. We assume that 
P= P, = Pp. As a first approximation, in view of the paucity of 
runoff data from the subtropical deserts, the adjustable para- 
meter e was introduced to partition the runoff between the areas 
of internal drainage in which closed lakes can form and the 
areas draining to the ocean. The modern area-average value of 
e for the study area is 2.6 (ref. 25). Thus, for the modern 
simulation, ~38% (1/2.6) of the model-generated area-average 
(P-E) is available for runoff to closed interior basins. No 
attempt has been made to estimate the z ratio for lakes within 
the areas of external drainage, to which equation (1) is not 
applicable. In fact, many additional lakes developed during the 
early and mid-Holocene along river systems draining into the 
ocean?*?” 

The CCM does not calculate E, explicitly for hypothesized 
interior lakes. Moreover, except for large enclosed seas, such 
as the Mediterranean and Caspian, its coarse spatial resolution 
precludes explicit simulation of inland water bodies. A modern 
value of E, = 2,600 mm yr’ was assumed. This is representative 
of Lake Chad (13° N) in dry years? and is comparable with the 
evaporation rate calculated by the CCM for tropical ocean areas 
with offshore winds. It is also comparable to the rate obtained 
if the model-generated winds and mixing ratios over land (8.9- 
26.6° N) are adjusted for flow over a water surface with a drag 
coefficient intermediate between land and open ocean. In the 
palaeolake simulations, Er; has been varied in proportion to the 
calculated changes in land evaporation, to allow for variations 
in surface temperature, humidity and wind speed. 


Results 

The area-averaged CCM results and their statistical signific- 
ance are summarized in Figs 3-4, and Table 1. In July, the net 
radiation increases from 164 Wm? at 18 kyr BP to a peak of 
181 Wm” in the 9 kyr BP experiment (12% greater than the 
control) and then decreases again (Fig. 3a). In January it varies 
in the opposite direction, reaching its minimum (—16% ) at 9 kyr 
BP. 

The surface-temperature lowering at 18 kyr BP is 3.5K in 
January and 2.0K in July (Fig.3b). Although the estimated 
mean-annual temperature rises rapidly after 12 kyr BP and does 
not differ significantly from the control case in the 9, 6 and 3 kyr 
BP experiments, the seasonal temperature range is 2-4 K greater 
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Fig.2 Selected surface-boundary 
conditions for the palaeoclimatic 
simulation experiments: limits of 
land ice at 18, 15, 12, 9 and 0 kyr BP; 
July and January sea-ice limits at 18 
- and 15 kyr Bp; and areas of exposed 
continental shelf at 18 and 15 kyr BP. 
(For simplicity, we have not shown 
the prescribed changes in SST, land 
albedo and ice-sheet topography, 
and the sea-ice limits for 12-0 kyr BP. 
See text for details.) The location of 
the 55 tropical land gid points (8.9- 
26.6° N) is also indicated. 


` July sea-ice limit 
18-15 kyrse) 


wun ee VaNUATY Sea-~ice limit 
{18-15 kyrsp) 


than today between 15 and 6kyr BP, and 3-4 K greater at 12 
and 9 kyr Bp. The highest July temperature departure (+1.3 K) 
occurs in the 9 kyr BP experiment. 

` The simulated changes in the January surface wind field are 
small. In July, the CCM indicates weak northwesterly flow at 
18 and 0 kyr BP (Fig. 3c). In marked contrast, the wind direction 
at 15, 12, 9 and 6kyr BP is southwesterly. This intensified 
low-level monsoon flow, consistent with lower pressure over the 
continents and higher pressure over the oceans, reaches its 
greatest strength and statistical significance at 9 kyr BP, implying 
an increased transport of moisture from the oceans onto the 
Northern Hemisphere land masses. 

Figure 4 summarizes the simulated hydrological cycle for each 
experiment. In July, the precipitation rate is lowest at 18 and 
Okyr BP, attaining its maximum values in the 9 and 6 kyr BP 
simulations (2.1 and 18 mm day‘ greater than the control value 
of 5.6 mm day", respectively, representing 30-35% increase in 
precipitation (p <0.05). Although the land evaporation rate is 
also greater (p < 0.01) at these times, as a result of higher summer 
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Fig. 3 Simulated climate of the land in the latitude belt 8.9- 
26.6° N, 18-0 kyr Bp. a, Net radiation, expressed as departures from 
the modern control case; b, surface temperature, ditto; c, July wind, 
arrows. Statistical significance of the results (two-sided t-test)?! is 
shown by symbols. In c, significance of the U (zonal) and V 
(meridional) wind components is given separately 
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temperatures and wind speeds, the variations in evaporation are 
much smaller, so that (P— E) is largest at 6 and 9 kyr BP 
(>2.6 mm day‘), 

In January, the dry season in the Northern Hemisphere 
tropics, the changes in precipitation are not statistically sig- 
nificant. However, land evaporation is significantly less in the 
palaeoclimatic experiments than in the control case (p<0.05 
or p<0.01), due to lower winter temperatures (and weaker 
zonal wind speeds). As a result, the net precipitation deficit is 
significantly reduced in all cases except 3 kyr BP, with maximum 
reductions at 12 and 9 kyr BP (0.6 and 04mm day" respec- 
tively), compared with the control. 


Figure 5a shows the simulated values of annual P and - 


(P-E). At 9 and 6kyr BP, P increases by 300-350 mm yr 
(25-30% ) compared with the control. It shows a general increas- 
ing trend from 18 to 9-6 kyr BP, followed by a decrease to the 
present (the modern control value is higher than observed)'*”*. 
However, the calculated value of (P — E} for the control case 
(28 mm yr~’) falls midway between the estimates derived from 
modern hydrological” and aerological”’ data. Mainly because 
of the highly favourable combination of increased rainy-season 
precipitation and reduced evaporation during the dry season, 
(P—E) is much larger (~330 mm yr“') in the 9 and 6 kyr BP 
experiments, so that both P and (P—E) results are in good 
accord with independent palaeoclimatic estimates (AP= 
130-505 mm yr™!: refs 30, 31). In contrast, the values for 18 kyr 
BP and 3 kyr BP appear statistically indistinguishable from the 
present. 

The reliability of these conclusions is reinforced by the results 
of the additional CCM experiments summarized in Table 1. 
These involved tests of the sensitivity of the July results for 9 
and 18 kyr BP to the length of integration (see above), and of 
the sensitivity of the July climate to the presence of the residual 
North American ice sheet at 9 kyr BP. As far as the hydrology 
of the tropics is concerned, the experiment for 9 kyr BP without 
the ice sheet gave almost identical results to the one with the 
ice sheet. We conclude that the results are not strongly dependent 
on the exact choice of high-latitude boundary conditions. An 
experiment for 9 kyr BP was also made using a version of the 
CCM with interactive soil moisture and a full seasonal cycle. 
This model produced a comparable increase in Northern Hemi- 
sphere summer-monsoon precipitation, although the net 
changes in mean-annual P and (P—E) were smaller, because 
of the wetter winter conditions in the control run. 

The results of the various CCM experiments for 9 kyr BP 
(Table 1) are also generally consistent with results obtained with 
two other AGCMs: a University of Wisconsin spectral model 
of relatively low horizontal resolution (about 12° lat. by 11° 
long.) and 5 vertical levels, integrated for a full annual cycle 
with 9-kyr BP solar radiation’: and a British Meteorological 
Office grid-point model of horizontal resolution comparable 
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Fig. 5 Comparison of simulated hydrological budgets, simulated 

z ratios and lake-level evidence for the latitude belt 8.9-26 6° N 

18-Okyr BP. a, P and (P—£) (key as for Fig. 4); b, z ratios 

assuming constant e, E, & z ratios assuming variable e, E,; d, 

temporal variations in percentage of lakes with low, intermediate 

or high® levels. (Maximum sample size = 73 ) From Oxford lake- 
level data bank. 
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with the CCM (3° lat. by 5° long.) and 5 vertical levels, integrated 
for 30 days with June 10 kyr BP solar radiation***. However, 
the discussion of the latter experiment emphasized climatic 
changes at high latitudes rather than in the tropics or subtropics. 

Figure 5b shows the z ratio obtained by applying equation 
(2) to the CCM results for each time period, assuming present- 
day values of e and E,. The calculated modern value of z is 
small (<0.01), in reasonable agreement with ref. 34. This 
simple lake-area model yields a low z ratio at 18 kyr BP and 
highest ratios at 9 and 6 kyr BP. However, the magnitude of z 
at these times seems to be unrealistically large. 

In Fig. 5c, e and E, have been allowed to vary between 
experiments in a way consistent with the model climate. At 
present, e decreases with increasing aridity from 5.6 at 5-10° N 
to 2.0 at 20-25° N (ref. 25). To approximate the feedback effect 
of climatically-induced variations in the drainage network, e 
was adjusted in line with the simulated latitudinal shifts in the 
July Inter Tropical Convergence Zone (ITCZ). E, was varied 
in proportion to the computed changes in land evaporation. The 
values of e and E, used are shown on Fig. 5c. The sensitivity 
of the results to these assumptions is given by Az = —zAe/e and 
Az = ~z E, / EL 

In Fig. 5c, the extent of lakes at 18 kyr BP remains small. The 
magnitude of z at 9 and 6 kyr BP is reduced to more realistic 
values, caused by the combined effects of increased evaporation 
and smaller endorheic area. The results in Fig. 5c are in excellent 
qualitative agreement ith the sequence of lake-level fluctuations 
in the latitude belt 8.9-26.6° N (Fig. 5d), except for 15 kyr BP 
and, to a lesser extent, 12 kyr BP. While the observations suggest 
that the water-level rise was underway by 12 kyr BP, 15 kyr BP 
clearly falls within the phase of lowest levels. Unfortunately, 
there is a lack of spatially representative lake-area data for past 
periods, so it is not yet possible to check quantitatively the 
simulated z ratios. 

As a result of the substantial increase in northern summer 
radiation beginning with the 15-kyr BP experiment (Figs 1, 3), 
land temperatures rise and increased inflow (Fig. 3c) and vertical 
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motion produce increased precipitation. Hence, the CCM gener- 
ates much more runoff at 15 and 12 than at 18 kyr BP. The net 
effect is a large area of lakes (Fig. 5b, c). Although the increase 
in annual (P— E) does not reach a high level of statistical 
significance (p<0.2), the disagreement between the lake-area 
model and the observed lake-level record for 15 and 12 kyr BP 
is interesting. Such a discrepancy (equivalent to ~1-1.5mm 
day ' summer precipitation), if real, could result from inac- 
curacies in the reconstructed lake-level record, deficiencies in 
either the AGCM or the z-ratio model, and/or other types of 
forcing not included in the experimental design. 

There is abundant independent evidence for aridity, reduced 
plant cover and equatorward spread of sand dunes in the study 
area during the interval 18-12.5 kyr BP. Although runoff from 
the Saharan mountains began to increase around 16 kyr BP (refs 
3, 35-42), most lowland basins continued to experience low 
water levels during the next 3.5 kyr (ref. 8); a lag which seems 
too long to be explicable solely in terms of non-climate factors 
such as delayed aquifer response. 

Two internal features of the CCM may cause precipitation 
over tropical arid and semiarid land areas to be overestimated. 
The version used in our main series of experiments calculates 
evaporation using a bulk formula” with fixed values of ground 
wetness, Cw, and surface drag, Cp, for all land surfaces. Black 
and Pitcher% found that the precipitation over northern Africa 
decreased by 1-2 mm day" if C,, was reduced to values typical 
of desert and semidesert. The Goddard Laboratory for Atmos- 
pheres AGCM exhibits similar sensitivity to a decrease in surface 
roughness, its response taking the form of a reduction in cross- 
isobaric moisture convergence and precipitation over tropical 
land areas***’. Hence, an even better fit to the geological record 
might be obtained by allowing C,, and Cp to vary more realisti- 
cally in the CCM experiments. 


Additional experiments 


Two major types of forcing not included in our main series of 
experiments are variations in atmospheric CO, and aerosol 
content. Table 1 shows the results of the experiment for 18 kyr 
BP in which atmospheric CO, was reduced to 200 p.p.m.v. The 
outcome was a small decrease in annual-average (P—E) 
(30 mm yr” ') over the study area. In the CCM, the changed CO, 
concentration led to lower land temperatures, SST being pre- 
scribed following CLIMAP. By lowering temperatures over land 
relative to the oceans, the summer-monsoon circulation was 
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weakened. (If Oeschger et al.*® are correct, and the recovery 


from low glacial CO, levels did not begin until around 13 kyr BP, 
then this mechanism would help to account for the observed 
aridity. In addition to the direct climatic effects modelled here, 
however, the stomatal response of plants to lower CO, (ref. 49) 
also needs to be considered. Another important task is to assess 
the climatic impact of the high tropospheric loadings of ter- 
rigenous and marine aerosols characteristic of glacial times”, 
which may have led to increased atmospheric stability and 
reduced convective precipitation. 


Conclusions 


The general agreement between our results and the geological 
record suggests that the Milankovitch mechanism has been 
largely responsible for long-term variations in lake levels in the 
Northern Hemisphere tropics and subtropics since 18 kyr BP, 
and that the influence of changes in boundary conditions associ- 
ated with glaciation in high latitudes has been comparatively 
minor. The simulated changes in winds, P and (P — E), can be 
broadly characterized as an enhanced seasonal (monsoonal) 
response of the Northern Hemisphere climate to the amplified 
seasonal cycle of solar radiation in that hemisphere. This 
response 1s largest and of greatest statistical significance at 9 
and 6kyr BP. Even the magnitude of the model response at 
these times agrees with existing geological evidence. However, 
note that variations in the Earth’s orbit have occurred on too 
long a timescale to account for the shorter hydrological fluctu- 
ations (lasting 10?~10° yr) superimposed on the broad trends 
shown in Fig. 5d (refs 6, 7, 55~57). A convincing explanation 
for these shorter-term events remains to be found. 
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Uplift and extension at the Gulf of Suez: 
indications of induced mantle convection 


Michael S. Steckler 


Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York 10964, USA 


Reconstruction of tectonic movements since the initiation of the Gulf of Suez rift indicates that there has been 25-27 km 
of extension. The uplift bordering rift indicates that lithosphere heating greatly exceeds that producible by uniform lithosphere 
extension. I propose that small-scale convection induced by the rifting augments the heating introduced by extensional 


rifting and produces the broad uplifts flanking the rift. 


CONTINENTAL margins and rift basins are currently believed 
to have been formed by lithosphere extension. The vertical 
motions that result from uniform extension have been elegantly 
quantified by McKenzie’. The two main contributions to these 
motions were shown to be subsidence caused by crustal thinning 
and uplift caused by lithosphere heating. For a given extension 
factor (with assumed crustal and lithosphere thicknesses) the 
net subsidence or uplift is prescribed. This model has been 
successful at explaining the first-order observations at 
extensional sedimentary basins. Several authors’”* have expan- 
ded on the initial model to fit observed subsidence patterns. 

Lithosphere extension has generally been modelled as a pass- 
ive process in which all heating occurs as the result of the 
extension and no asthenosphere heat sources are included. This 
results in an inability, even when two-dimensional effects are 
_included, to produce uplifts on the sides of rifts >4-500m 
elevation. 

Observations of rift flank uplifts of =1km are commonly 
observed***. An active asthenosphere heat source is often 
assumed to produce the uplift and act as a driving mechanism 
for the rifting’’"’*. In an active rift system driven by a deep heat 


Fig. 1 Geological map of the Gulf of Suez 
region. Heavy line indicates location of profile 
analysed. 





source, uplift should precede rifting. The question of the tem- 
poral and causal relationship between uplift and rifting has been 
debated for some timet!’ and no clear consensus exists. In the 
Gulf of Suez, the timing and magnitude of the uplift and sub- 
sidence produced by rifting can be documented and the contri- 
bution of lithosphere extension calculated. Thus, the Guif of 
Suez provides a test of proposed rifting models. 


Geology of the Gulf of Suez 


The Gulf of Suez is the northwestern branch of the Red Sea 
(Fig. 1). The rift is 60-100km wide and extends for 400 km, 
separating Africa from the Sinai Peninsula. Rifting is post- 
Eocene’*° and was underway by the start of the Miocene*™”!. 
Initially, the Gulf of Suez probably formed as the northern part 
of the Red Sea rift. Subsequently, the formation of the Levant 
transform through the Gulf of Aqaba has accommodated 105 km 
of the relative motion between Arabia and: Africa’*’’. This 
scenario is borne out by the alignment of the rift borders of the 
Gulf of Suez and Red Sea using Freund’s” reconstruction and 
Esso’s exploration? in the northern Red Sea which suggests 
that “a continuous sedimentary basin extended from the Gulf 


Plocene= 
Recent 


Miocene 


Oligocene 


Eocene 
palaeozaic~ 1////// 


ff 
A a Ai Precambrian 


f basement 


“ARTICLES 


a 
Wadi Red Sea Gulf of Suez 
El-Tarta hills 
(South Galala) 
Sea level nannies ti 
o aS x 
` ; 
\ ra 
m 10600 
2000 E 
b October 
field 






Sea level 


m soo 


1000 





of Suez to the Red Sea”. The question of whether the opening 
of the Gulf of Aqaba has entirely*® or partially supplanted the 
Gulf of Suez is still unresolved, although the offset of the central 
depression of the far northern Red Sea towards the Gulf of Suez 
suggests that it has not”. 

The early history of rifting indicates that the large uplifts 
bordering the rifts were not formed as a precursory doming 
event, but developed during the main phase of development of 
the rift. During the Eocene, the entire Gulf of Suez region was 
a shallow water carbonate platform. The absence of Oligocene 
sediments, usually cited as evidence of a dome, is best explained 
as a mainly non-depositional hiaitus caused by a major north- 
wards regression. The Mediterranean coast of Egypt is an old 
north-facing continental margin and exhibits a stratigraphic 
pattern similar to other old margins, that is, an extensive Eocene 
shelf and a major regression during the Oligocene. Non-marine 
Oligocene is known near Cairo and in other regions north of 
the Gulf of Suez (Fig. 1). The only Oligocene beds known near 
the Gulf of Suez are a few locations within the rift, exposed 
onshore at Abu Zenima (29° 1'N, 33° 11'E)?°?® and penetrated 
by wells in the northern Gulf”. If an uplift had existed before 
any rifting, the crest of the dome is the most unlikely place to 
contain preserved Oligocene beds. 

When rifting commenced, with the development of tilted fault 
blocks and minor basalt activity, major erosion of the Eocene 
and older rocks occurred only on the high ends of the fault 
blocks. The opposing ends experienced deposition of marine 
carbonates with local conglomerates. The simultaneous sub- 
aerial erosion and marine deposition on the same tilted blocks 
are clear evidence that the rift initiated near sea level. 

Throughout the Lower Miocene, the topography remained 
subdued with the deposition of the Lower Rudeis formation, a 
monotonous shaly-marly with fairly uniform thickness 


throughout the Gulf’. Scott and Govean”! estimate subsidence 
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Fig. 2 a, Profile across the central Gulf of 
Suez. Shaded pattern indicates the syn-rift 
sedimentary fill. All the uplift and subsidence 
has occurred since the Eocene when shallow 
water carbonates were deposited in the region. 
Vertical exaggeration, 20:1. b, Reconstruction 
of the tectonic uplift and subsidence of the 
profile in the absence of erosion and sedimenta- 
tion. Dashed line shows the presumed topo- 
graphical fall-off in the absence of the Gulf of 
Aqaba to the east. Note change ın vertical exag- 
geration to 40:1. c, Interpretation of the tec- 
tonic movements as uplift caused by thermal 
expansion of the lithosphere (vertical lines) and 
down-dropping of the rift basin away from this 
curve caused by crustal thinning (diagonal 
lines) 


rates of the order of 50 m Myr ' on the rift flanks. At mid-Rudeis 
time, marked by a widespread unconformity, there is a dramatic 
change in the depositional pattern. Subsidence rates -change 
dramatically?!’ and the first widespread conglomerates appear 
at the rift margins”. The lowermost cobbles are of the immedi- 
ately pre-rift, Eocene rocks and only later do cobbles of the 
underlying sedimentary and Precambrian rocks appear, indicat- 
ing that major uplift and unroofing began at this time”. 
Shortly after this event, the Gulf of Suez first became isolated 
from the Mediterranean and evaporitic conditions were initiated. 
Large thicknesses of halite and anhydrite were deposited during 
the Miocene until the present-day connection to the Indian 
Ocean was established and sedimentation returned to normal 
marine conditions. Throughout these periods of changing 
environmental conditions, the Gulf of Suez rift continued to 
develop, with large thicknesses of sediment and local to regional 
nonconformities marking the phases of the developing rift. 


Tectonic analysis 


The present-day state of the Gulf of Suez is illustrated tn Fig. 
2a. From west to east, the increase in elevation from the Nile 
Valley to the border of the rift is first seen. This is followed by 
rapid down-dropping into the rift where the stipple indicates 
the thickness of syn-rift sediments. The faults within the rift 
tend to dip in the same direction on any cross-section of the 
rift, although this direction varies along the length of the Gulf 
of Suez*'3*. Reaching the eastern side of the rift, the elevation 
once again rises to >1,000 m above sea level. The topography 
does not, however, fall off symmetrically because the Gulf of 
Aqaba-Dead Sea rift lies east of the section. 

This cross-section has been reconstructed to show how it 
would appear in the absence of erosion and sedimentation (Fig. 
2b). The pre-rift sedimentary cover consists of flat-lying 
Phanerozoic sequences which strike perpendicular to the present 
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Fig. 3 Estimates of the extension factor (8) needed to produce 
the vertical motions estimated from Fig. 2. Scale on right-hand 
side gives fractional thinning (1-1/8) which is linear with the 
amplitude of vertical motion. Values to the mght of the curves give 
total extension represented by curves. Solid lines, estimates from 
crustal thinning for 40- and 42-km initial crustal thickness; dashed 
lines, estimates from thermal uplift. Upper curve is based on 
125-km-thick lithosphere and lower curve on 225-km-thick lithos- 
phere. Heating indicates extension 2.5-4 5 times larger than crustal 
thinning. 


Guif of Suez. Using available data on the thickness of these 
units!??°3 | the amount of erosion of the pre-rift cover has been 
calculated, the sediments restored and the elevation adjusted 
using Airy isostasy. 

The reconstructed elevation is: 


erhan- pees 
m 
where Elg and El, are the restored and actual elevations, T, is 
the thickness of eroded sediments and p, and pm the sediment 
and mantle densities, respectively. Using densities of 2.54 g cm™ 
and 2.60 g cm™° for the clastic Nubian sandstones and the car- 
bonate Cenomanian-Eocene sections, the corrections to the 
elevations are 20-25% of the amount eroded. Thus, errors in 
reconstruction are minimized. 

One feature of note is the Eocene outcrop on the South Galala 
platform and the Precambrian basement exposed to the east 
(either side of the westernmost fault, Fig. 2b), both restored to 
the same elevation. This indicates a purely erosional topo- 
graphical difference across this topographical step, rather than 
rectonic, suggesting that the estimates of the Phanerozoic sedi- 
ment thicknesses and the applicability of Airy isotasy for the 
restoration in this region were reasonable. 

Similarly, within the rift proper, the thickness and distribution 
of the syn-rift sediments have been constructed from well data 
and structural information. The well data were used to calculate 
the densities, the sedimentary section was removed or backstrip- 
ped and the basement adjusted upwards for the removal of the 
weight of these sediments**. The heavy line in Fig. 2b shows 
the vertical tectonics movements that have occurred as a result 
of rifting, because prior to the initiation of the rift this region 
was a flat shallow sea. The dashed line shows the presumed 
topographical fall-off on the Sinai side assuming symmetry in 
the absence of the Gulf of Aqaba further east. 

Because the region consisted of a shallow shelf immediately 
before rifting, all of the vertical movements from about sea level 
can be attributed rifting. The two main causes of vertical move- 
ments during rifting are heating of the lithosphere, which pro- 
duces uplift, and thinning or densification of the crust, which 
produces a subsidence or downwards motion’. Therefore, the 
profile was used to determine the extent to which these two 
processes have modified the lithosphere. A gaussian curve was 
fitted to the broad uplift of the Gulf of Suez to interpolate the 
uplift into the rift. Several different curves were tried; and they 
do not make a significant difference in the results. Fig. 2c shows 
the separation of the two rift components. The vertical rulings 
indicate the uplift resulting from thermal expansion of a heated 
lithosphere and the diagonal ruling shows the down-dropping 
away from this surface within the rift caused by the extension, 
faulting and thinning of the crust. 
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The subsidence caused by the crustal thinning is given by’ 


(pm Po 1~(aTa/2) 5 | 


(1 ~ 1/B.) 
Pn 


where p, is the density of the crust, «œ is the coefficient of thermal 
expansion, Ty the temperature at the base of the lithosphere, C 
and A are the crustal and lithosphere thicknesses, respectively, 
and f, is the extension factor for the crust. (The values used 
are given in Table 1.) The term modifying the densities is caused 
by differential thermal expansion of the crust and mantle and 
is negligible. The crustal thickness of undeformed Nubian shield 
crust has been measured at 40-42 km in the eastern Sinais 
and Saudi Arabia*’. The extimates of B, based on these crustal 
thicknesses and the fault-bound subsidence within the rift is 
given in Fig. 3. Integrating the 8, values over the rift, the total 
extension needed to produce the observed subsidence is 25- 
27 km. The maximum thinning of the crust is ~40% (8 = 1.65) 
beneath the rift (Fig. 3). 

Chenet and Letouzey”? found a value of 6 =1.7 for the 
Belayim Marine oil field (latitude 28° 35’N), which lies in a 
structurally equivalent position’ to the October field*’, near the 
extensional maximum of the profile examined here. Near the 
southern end of the Gulf of Suez, they estimate an overall B of 
1.35, corresponding to 31.5 km of extension in the 90 km rift. 
As the extension decreases to the north, these values are in 
excellent agreement. The plate reconstructions of Freund” and 
Cochran*®*? both assume 30 km of opening in the southern Gulf 
of Suez. Estimating the opening on the basis of geology is 
difficult. Robson’ estimates a minimum of 5-6 km using only 
the throw of the major faults. Garfunkel and Bartov”® suggest 
15-20 km based on field work solely on the Sinai side of the 
Gulf. However, internal deformation of the blocks is widespread, 
complicating estimates of extension on geological grounds****. 

The uplift caused by extension of the lithosphere is a result 
of thermal expansion and is given by’ 


Aa To 
2 





UL = (1—1/81) 


where 8, is the average extension factor of the whole lithosphere. 

To estimate the amount of extension required to create the 
observed uplift, a value for the lithosphere thickness must be 
assumed. The basement in the Gulf of Suez is of Pan-African 
age’ and thus had been quiescent for ~500 Myr before rifting. 
The northern coast of Egypt was formed by neo-Tethyan rifting 
in the Triassic, but the hinge zone of that event lies at least 
200 km to the north of the profile studied, so that it probably 
did not greatly affect the thermal regime in the central Gulf of 
Suez. The compressional events of the Syrian Arc, however, do 
involve the northern part of the Gulf of Suez (ref 20 and B. 
Eggertson, personal communication). The extent to which the 
Syrian Arc events may have effected the thickness of the lithos- 
phere is unknown. Thus, it is likely that the lithosphere thickness 
in the Gulf of Suez is close to 225 km, which was estimated by 
Karner et al” to be the maximum thermal thickness of the 
continental lithosphere. This will result in a minimum value for 


Table 1 Values used for analysis of extension 


Py Density of water {g cm~?) 1 03 
pe Density of crust (g cm7*) 2.8 
Pm Density of mantle (g cm `°) 333 


a Coefficient of thermal 
expansion (°C~') 


To - Temperature at base of lithosphere (°C) 1,333 
C Initial crustal thickness (km) 40~42 
A Initial lithosphere thickness (km) 125-225 
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the extension. The lower value used is 125km. This is the 
asymptotic value for the oceans“ and is the value generally 
assumed ın extension models. 

Figure 3 shows the distribution of extension based on Airy 
isotasy for these values and the total extension needed to pro- 
duce the uplift. Inclusion of flexure would affect the distribution 
of extension, but not the total amount. The minimum extension 
of the total thermal lithosphere is 62km which is 2.5 times 
greater than the extension represented by crustal thinning. If 
the crust has only extended by 25-27 km then the subcrustal 
lithosphere must have extended by a much greater amount. 
Variation of the parameters and estimates used in all stages of 
the analysis introduce a maximum uncertainty to +2-3 km in 
the estimate of crustal extension and somewhat more in the 
lithosphere extension. The large ratio of lithosphere to crustal 
extension needed to match the observations remains. If account 
had been taken of the duration of rifting and the cooling which 
must have occurred since the initiation of the Gulf of Suez, then 
the lithosphere heating would be even greater. This is incompat- 
ible with uniform extension throughout the lithosphere and, 
therefore, the possibility that the heating of the lithosphere 
represented by the uplift was produced by uniform extension! 
must be rejected. 


Discussion 


Several modifications to uniform extension have been proposed 
to account for differences between crustal and lithosphere 
extension estimates. Two-layered extension” where the width 
of the extension zone varies with depth does not introduce excess 
heat and recent results by Keen* indicate that side driven 
extension occurs uniformly. Two-layer extension™? where the 
total extension of the layers is not equal produces strain incom- 
patibility problems*°, so we must reject the possibility of actual 
multi-layer extension. It represents, at best, an ad hoc method 
of modelling the cooling history of an initial thermal state of 
unknown origins. Melt differentiation* and underplating*’ could 
produce a discrepancy between lithosphere heating and crustal 
thinning. These mechanisms, which would thicken the crust 
during extension, imply that the crustal thinning underestimates 
the true extension and that the uplift should produce a truer 
estimate of actual extension. As the rift is only 90 km wide and 
entirely underlain by continental basement, 62 km is a physically 
implausible value for extension. The assumption of a thinner 
lithosphere yields even larger values, 112 km for a 125-km thick- 
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Fig. 4 a, Diagrammatic representation of geometry of a rift. 
Arrows indicate direction of flow implied by nfting; hatching shows 
rise of aesthenosphere. The curve on the right-hand side shows 
variation in viscosity through the lithosphere for a power-law 
rheology with an activation energy of 100 kcal mol and a refer- 
ence viscosity of 10'?. Rapid increase in viscosity will limit convec- 
tion in the elastic plate and confine small-scale convection to the 
lower lithosphere. b, Diagram showing schematic geometry of rift 
resulting from small-scale convection. 


ness, which is greater than the width of the rift. Therefore, these 
models are untenable in the Gulf of Suez. I conclude that the 
estimate of extension based on crustal attenuation is correct and 
the amount of heating is at least 150% greater than explicable 
by extension. 

Active rifting mechanisms in which a deep-seated source 
drives rifting is not compatible with the geological evidence. As 
discussed earlier, uplift did not precede rifting. The main phase 
of uplift did not develop until the Middle Miocene at least 
8-10 Myr after the initiation of rifting. Fission track ages from 
the Sinai*® indicate that 3 km (including erosion and isostatic 
rebound) of the uplift has occurred in the past 9-Myr. Major 
uplift continued despite a waning or cessation of rifting. This 
suggests that the extra heating was introduced by an intrinsic 
part of the rifting process. 

The most likely mechanism of introducing extra heat as a 
result of rifting is through convective flow induced by the large 
horizontal temperature gradients developed by rifting. The 
geometry of a rift, with upwards and outwards flow of material 
and the juxtaposition of hot, buoyant asthenosphere and colder, 
denser lithosphere (Fig. 4) will greatly enhance convective flow 
within the mantle. Models that consider the lithosphere- 
asthenosphere boundary as a Rayleigh-Taylor instability!” 
usually also consider the entire mantle lithosphere as a single 
viscosity fluid and, therefore, conclude diapiric instabilities 
rapidly grow to the Moho. Fleitout and Froidevaux® examine 
the moment created by density anomalies in extension or com- 
pression and find that the lithosphere thermal anomaly is de- 
stabilizing, that is, acts to enhance the tectonics, and generally 
dominates over the stabilizing effect of the crustal thickness 
change. They also calculate flow in the lithosphere assuming a 
single viscosity for the mantle. In fact, the tremendous increase 
in viscosity with decreasing depth through the mantle will 
impede the development of flow in the upper part of the lithos- 
phere (Fig. 4a). Full convective solutions which include tem- 
perature and pressure dependence of the viscosity??? find that 
advection does not penetrate the upper lithosphere in a sharp 
uplift but broadens the width of the thermally perturbed zone, 
concentrating excess heat brought into the lithosphere in the 
rift flanks rather than beneath the rift. The strong mechanical 
lithosphere thickness responsible for the flexural strength of the 
lithosphere stabilizes the upper part of the lithosphere to flow. 
The lower part of the lithosphere, however, is effected by convec- 
tion (Fig. 4b). 
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Fig. S Development of small-scale convection beneath rifts 
through time from numerical calculations in a fluid with pressure- 
dependent rheology (after Buck*°). Half width of rift is 50 km and 
is assumed to be symmetrical. The average £ for the rift is 1.6, 
and the internal temperature of the box is 1,300 °C. Lower boxes 
show tsotherms within lithosphere at 200 °C intervals. Dashed line, 
1,250° isotherm, included to show convective flow Light solid line, 
position of initial 1,200°C isotherm. Companson of 1,200°C 
isotherms shows the sweeping away of material beneath flanks of 
rift producing broad uplift. Upper boxes show topography 
developed from convection and conduction a, 0 Myr; b, 5 Myr; 
c, 10 Myr; d, 15 Myr. 


In essence, the difference in thickness between the mechanical 
and thermal lithosphere leaves a region that contributes to the 
thermal isostasy and, therefore, vertical motion expressed at the 
surface of the Earth, but has little intrinsic strength to resist 
deformation or flow. In the oceans, this is the region termed 
the thermal boundary layer’, which is susceptible to small-scale 
convection. 


Numerical convection experiments in which a rift has been 


incorporated into the initial temperature structure clearly show 
the development of small-scale convection beneath the rift®°">*. 
Figure 5 shows the results of a numerical calculation by Buck”? 
which includes a temperature-dependent viscosity. The relief on 
the isotherms greatly enhances the development of small-scale 


convection. The effect of this convective flow (Fig. 5) is to sweep ' 


away the ‘corners’ of lithosphere bordering the rift, thus creating 
broad uplifted flanks similar to those observed at the Gulf of 
Suez. The replacement of lithosphere by asthenosphere is con- 
centrated in the thermal boundary layer. Including stress and 
pressure dependence should enhance the effect. 

Although the models of Buck*®** and Fleitout®’ do not yet 
incorporate extension concurrent with convection, so the 
development of the uplift cannot be compared directly with the 
numerical results, it is encouraging that the wavelengths match 
those observed at the Gulf of Suez and that the amplitude and 
timing show good correlation. 

This mechanism should be active beneath all rifts and con- 
tinental margin basins. Karner and Weissel** suggest this 
mechanism explains the uplift of the south east Australian 
highlands. It can explain the widespread occurrence of rift flank 
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uplifts where there is no indication of active sub-lithosphere 
heat sources®'*. There has also been a need for modelling using 
the ad hoc assumption of two-layer extension landwards of the 
hinge zone in continental margins**°°°’. This can now be 
understood as a dynamic consequence of extension and reflects 
the extra heating that would occur at the landward edge of a 
continental margin caused by induced convection. 

In summary, geological constraints on the timing of rift flank 
uplifts and basin analysis reconstruction of the crustal extension 
and lithosphere heating, when combined, indicate that the rift 
flank topography developed concurrently with major extension 
in the Gulf of Suez. Moreover, this uplift is caused by lithosphere 
heating greatly in excess of the thermal anomaly introduced by 
the 25-27 km of extension in the central Gulf of Suez. The most 
likely explanation for these observations is that thermal and 
velocity perturbations introduced by rifting induce secondary 
small-scale convection beneath the rift. The convection primarily 
heats the rift flanks, producing the broad uplift, and can explain 
heating in excess of extension at many rifts and basins. 
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Although it is generally agreed that the giant panda (Ailuropoda melanoleuca) is a member of the order Carnivora, there 
has long been disagreement over whether it should be classified with bears, raccoons or as a single member of its own 
family. Four independent molecular and genetic measures lead to a consensus phylogeny for the giant and lesser pandas. 
The lesser panda diverged from New World procyonids at approximately the same time as their departure from ursids, 
while ancestors of the giant panda split from the ursid lineage much later, just before the radiation which led to modern 
bears. The giant panda’s divergence was accompanied by a chromosomal reorganization which can be partially reconstructed 
from the ursid karyotype, but not from that of procyonids or the lesser panda. The apparently dramatic, but actually limited, 
distinctions between the giant panda and the bears in chromosomal and anatomical morphology provide a graphic mammalian 
example of the discordance of molecular and morphological (and chromosomal) evolutionary change. 


THE taxonomic status of the giant panda and its diminutive 
Chinese relative, the lesser panda, has been a biological puzzle 
since their description by western naturalists a century ago’. 
Although there is some agreement that the lesser panda was a 
member of the raccoon family (Procyonidae), a survey of over 
40 published phylogenetic treatises”? shows that the giant panda 
has been classified with almost equal frequency in Ursidae (bear 
family), in Procyonidae and as the single member of a separate 
family, Ailuropodidae. The panda does look like a bear but has 
some characteristics and habits that are unusual for bears: (1) 
Despite its classification in the order Carnivora, it is largely 
herbivorous, subsisting primarily on bamboo. (2) The giant 
panda has extremely large forequarters and reduced hindquar- 
ters, which account for its ambling gait. The enlargement of the 
anterior end is associated with a huge specialized masticatory 
apparatus which has some parallel in the lesser panda. (3) The 
male genitalia in the giant panda are tiny, cylindrical, S-shaped 
and posteriorly directed, very similar to the lesser panda. (4) 
The giant panda has six digits on its forepaw, resulting from 
the evolutionary extension of the radial sesamoid to an awkward, 
but functional, opposable thumb*"*, (5) Finally, the giant panda 
does not behave like a bear’”®. Most bears hibernate, the giant 
panda does not; bears roar, whereas the giant panda bleats’”. 
The proponents of grouping of the giant and lesser panda in 
the Procyonidae have emphasized the similarity of the two in 
tooth structure, skull architecture, penis morphology and colour 
patterning’. Davis’, using anatomical data, and Leone and 
Wiens‘? and Sarich"’, using serological data, classified the panda 
as a bear. Davis’s conclusions were disputed as being 
uncritical!" and the immunological data were often ignored’. 
Moreover, recent fossil evidence described by Chinese palaeon- 
tologists'*"'” and the widely divergent karyotype of bears versus 
pandas'®'? lent support to the separate family interpretation. 
Here we report the use of various molecular methods to 
estimate evolutionary distances between the giant panda, the 
lesser panda and their supposed closest relatives. We considered 
three molecular techniques: (1) DNA hybridization between 
species using unique-sequence cellular DNA; (2) genetic dist- 
ance based on electrophoretic mobility of >50 homologous 
isozyme loci; and (3) immunological distance of serum proteins. 
Analysis and interpretation of quantitative differences involving 
these techniques in extant species is based on the ‘molecular 
clock’ hypothesis?” As a control for the procedures and as a 
strategy for calibrating evolutionary time in these species, we 
performed the same estimates on tissues of the Hominoidae 
(apes and man), an extensively studied group*’~””. Finally, a 
comparative cytological analysis of highly extended G-banded 


chromosomes from pandas and bears is presented. Our results 
converge on a consensus phylogeny of the pandas. 


DNA hybridization 


DNA hybridization of unique-sequence cellular DNA between 
heterologous species is a common technique in the measurement 
of phylogenetic affinity”? **. Primary fibroblast cells from four 
primate index species (Homo sapiens, human; Pan troglodytes, 
chimpanzee; Gorilla gorilla, gorilla; and Hylobates concolor, 
black gibbon) were cultured in the presence of radiolabelled 
*H-thymidine and their high Cot (=200) DNA was purified 
using hydroxyapatite. This presumed ‘single-copy’ DNA was 
hybridized, using an S, nuclease assay”, to excess cold DNA 
extracted from the same species and from three additional 
primates (Fig. 1). Similarly, reciprocal DNA hybridization 
curves were derived between each of four index carnivore species 
(Procyon lotor, raccoon; Ailuropoda melanoleuca, giant panda; 
Ailurus fulgens, lesser panda; and Ursus arctos, American brown 
bear). Changes in the average thermal stability (see Fig. 1 
legend) were also measured between these species and two 
additional ursids: Tremarctos ornatus, spectacled bear; and 
Helarctos malayanus, Malayan sun bear (Fig. 1). 

Data matrices (Fig. 1) were analysed using five distinct 
phylogenetic algorithms: the distance Wagner procedure*~**, 
the UPGM algorithm*®, the neighbourliness method?’, the 
MATTOP program” and the Fitch-Margoliash*’ algorithm. All 
the algorithms produced phylogenetic trees that support the 
presented topologies, although the actual distances varied 
depending on the method used. The hominid tree shows an 
excellent agreement both in topology and in arm lengths with 
trees developed elsewhere**-**, the only confusion being the 
trichotomy between African apes and man which has been under 
debate for some time? ??3140-43 The derived carnivore topology 
places the giant panda as an early leg of the ursid lineage 
occurring before the divergence of the modern bears but after 
the ursid-procyonid split. The first bear in the ursid proper 
radiation was the ancestor of the spectacled bear (T. ornatus) 
which conforms to its morphological assignment to generic 
status in the family Ursidae™. The lesser panda, the ursids and 
the procyonids seemed to split from each other at approximately 
the same time. Although the tree (Fig. 1) favours an association 
between the raccoon and the lesser panda, the errors associated 
with the large distances between lesser panda, raccoon and the 
bears do not allow unequivocal resolution of the trichotomy. 


Isozyme genetic distance 
Isozyme genetic distance is a statistical calculation, developed 
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Fig. 1 Average thermal stabilities 
{AT,,R, °C; 2-9 experiments) derived 
from DNA hybridization of genomic 
DNAs of indicated species. Primary 
fibroblast cultures were established for 
each species from skin or organ biopsies 
of primate and carnivore species Cultured 
cells from four primates (human, chim- 
panzee, gorilla and gibbon) and four car- 
nivores (brown bear, giant panda, lesser 
panda and raccoon) were grown in the 
presence of *H-thymidine and the non- 
repetitive DNA was isolated and hybrid- 
ized to each of the species listed in the 
left-hand column of each table’? AT,,, is 
the difference in Tn between the other 
DNA-DNA hybnds and the Tm of the 
homologous hybrids. A Tmn R is the thermal 
stability difference for all non-repeated 
DNA, and 1s the AT, value corrected for 
the normalized percentage of hybndiz- 
` ation to the labelled index species*®*°, 
Distance matrices for phylogenetic infer: 
ence were judged to be adequate, based 
on four different measurements: first, the 
standard deviations of the estimates 
(which were based on 2-9 hybridizations 
per pair) were low (402°C for AT,,R 
<5°C, and #0.5°C for AT,,R values 
25°C) Second, the reciprocal estimates 
were in close agreement, as evaluated by 
calculating the mean % deviation from the 
mean’: 2.1% for the primates and 1.8% 
for carnivores. Third, the metricity of the 
distance matrix 1s evidenced by conform- 
ance of all the three-way ¢ combinations to 
the triangle mequality’ Metricity or conformance. to the triangle inequality is not an absolute indicator of clock-like behaviour because a distance may be 
metric but still exhibit variation in evolutionary rates’ Thus, metricity 1s a necessary, but not sufficient, condition for an evolutionary clock Fourth, the apparent 
constancy of the DNA < clock was evaluated by demonstrating that internal species were equidistant from an outside group (howler monkey and dog, respectively), 
the relative rate test?" The phylogenetic trees shown here were derived from the Fitch-Margoliash algorithm”? based on maximum parsimony The actual trees 
were drawn to scale using the KITSCH of the PHYLIP program, given by J. Felsenstein (University of Washington) This program computes a rooted topology 
based on the assumption of an evolutionary molecular clock rendering all terminal species as contemporaneous. The numbers are the leg lengths of the unrooted 
tree generated by the Fitch-Margoliash algonthm in the absence of the above assumptions This tree is rooted by the midpoint of the two most distal species in 
the network Placing a timescale with some degree of confidence on the three derived molecular topologies ts difficult. Although the carnivore fossil record 1s 
unusually good and has been studied intensively, even the commonly accepted dates for divergence of these families can be incorrect by up to 25-50% For 
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example, the best geological dates for the time of procyomd~ursid divergence vary from 30 to 50 Myr ago. A strategy we have used for setting our molecular clock 


was to take advantage of the demonstration that the primate and carnivore clocks seem to run at the same rate? 


of the human-orang-utan divergence occurring at ~16 Myr Bp7*7!> 


are not amplified at the stem or the root of the trees, The derived to topology 
variance with fossil or molecular conclusions previously presented”** i 


and improved by Nei**“°, for measuring the degree of allelic 
substitutions at a group of loci between populations (or species) 
based on the electrophoretic mobility of soluble proteins. The 
distance estimate, D, is defined as the average number of gene 
differences per locus between individuals from two test popula- 
tions. Within the limits of certain specific assumptions relating 
to electrophoretic resolution and relative rates of nucleotide 
substitution, the genetic distance estimates increase proportion- 
ately with the amount of time the compared populations have 
been reproductively isolated****-*’. The derived ape topology 
(Fig. 2) agrees with the DNA topology (Fig. 1) and with previous 
studies in placing the orang-utan as an early branch before the 
unresolved trichotomy between man and African great apes. 

The same five phylogenetic algorithms applied to the DNA 
data were used to derive a topology of the giant panda and its 
relatives using isozyme data (Fig. 2). In general, the most par- 
simonious and most consistently derived relationship was the 
same and differed only in branch length. As illustrated by the 
Fitch-Margoliash tree (Fig. 2), the giant panda diverged from 
the ursid line just before the radiation of modern bears, but 
long after the ursid-procyonid split. After the giant panda diver- 
gence, the next split involved the spectacled bear, followed by 
a three-way split (another unresolved trichotomy) between the 
brown, black and sun bears. The lesser panda and the raccoon 
seem to have shared a common ancestor for a short time after 
procyonid divergence. 


Immunological distance 


The third method is that of immunological distance and we 
summarize here the results of Sarich''. The procedure measures 
the displacement of immunological titration curves between 


21,22 


We use a timescale based on Pilbeam’s date 


3 Because the human-orang-utan split occurred near the middle of the timescale, the errors 
places the hominid-Old World monkey split at 35 Myr Bp, a date which is not at 
NT, not tested 


species based on amino-acid substitutions that have occurred 
in homologous proteins. The extensive and comprehensive 
molecular evolutionary studies of Sarich, Wilson and col- 
laborators have demonstrated the constancy of the albumin 
clock in several vertebrate taxa by using microcomplement 
fixation as a measure of immunological distance! !?!22-40.48.49, 
Sarich prepared both albumin and transferrin (from two species, 
brown bear and raccoon) to generate a carnivore tree which is 
reproduced i in Fig. 3. These results also placed the giant panda 
on the ursid line before the divergence of modern bears, but 
after ursid-procyonid split. The position of the lesser panda 
gave conflicting results with albumin (which favoured the ursid 
lineage) versus transferrin (which placed the lesser panda 
equidistant from both bear and raccoon), probably because of 
the error associated with the large distances involved. Although 
he shows caution in interpreting the lesser panda placement, 
Sarich’s main conclusion was clearly supported by both albumin 
and transferrin immunological distances. 


Karyological evidence 


The karyological relationship between the bears, panda and 
raccoon seems to emphasize the differences between bears and 
giant pandas, but, on closer analysis, has become particularly 
informative. The giant panda has 42 metacentric chromosomes 
whereas members of the genus Ursus (black, Malayan sun, and 
brown bears) have 74 mainly acrocentric chromosomes!*!*, 
Wurster-Hill and Bush’? prepared G-trypsin-banded karyotypes 
of the giant panda and were able to recognize only three 
homologies between giant panda and bear chromosomes. To 
extend these observations to a higher level of resolution, we 
transformed brown bear and giant panda primary fibroblasts 
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Fig. 2 Isozyme genetic distance 
(D) computed from 44 loci in pri- 
mates and 50 loci in carnivores. The 
enzymes studied are homologous 
with enzymes examined previously 
in the domestic cat and man®*®. 
Electrophoretic procedures were 
predominantly on starch gels using 
standardized protocols. For the pn- 
mates, 44 enzyme systems were 
resolved: ACPI, -2, ADA, APRT, 
AK, ALB, ACY, CAT, CPKB, DIA4, 
ENO], ES1, ESD, GALA, GDH], 
GAPD, GLOI, GOT1,2, G6PD, 
GPI, GSR, GUS, HBB, HK1, IDH1, 
-2, LDHA, -B, MDH1, MPI, PEPA, 
-B, PGM1, -2, -3, 6-PGD, PGAM, 
NP, PP, PK, SOD1, -2 and TPI (see 
ref. 63 for nomenclature). The same 
systems, with the exception of 
GAPD, were scored in the car- 
nivores. In addition, the following 
enzymes were resolved in the car- 
nivore study: FUCA, GPT, HEXA, 
PEPC, ES2 and ES3®. Each system 
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was examined in extracts of erythrocytes, leukocytes and cultured fibroblasts for each species. The single exception was the American black 
bear, for which only cultured cells were available. Hence, only 36 of the 50 test loci could be evaluated. This difference dramatically affected 
the data, as the measured distances to other species were consistently greater than expected from the phylogenetic relationship. Because of 
the inequivalence of D values for the black bear, these data were not considered in the computation of outside-group distances. Genetic 
distances were calculated using the methods of Nei****. Phylogenetic trees are derived using the Fitch-Margoliash algorithm, as described in 


Fig. 1 legend. The other algorithms??~?? 


produced similar trees with these data. Fitch’s unique neighbourliness algorithm?” yielded nearest- 


neighbour values which showed that the lesser panda and raccoon had the highest scores, that is, they are the nearest neighbours most often 


in four-way comparisons, followed closely by the three ursids sun, brown and black bears. 


Fig.3 Phylogenetic relationships 
of primates and carnivores based on 
immunological distance. Immuno- 
logical distance was defined as 100 x 
the logarithm of the index of dissimi- 
larity, the factor by which the dilu- 
tion of a heterologous serum is 
increased to fix the amount of com- 
plement fixed in the homologous -~ 10 
reaction. Primate distances are 

derived from the albumin index of 

dissimilarity presented by Sarıch and 

Wilson*’. Carnivore distances were 

based on transferrin plus albumin 

immunological distance data (upper 

right of table)'’. The topology was i 
constructed using the Fitch- 
Margoliash procedure’? outlined in 
Fig. 1. The additional ursid species 
were added to the tree using the 
transferrin immunological distances 
presented in the lower left of the 
table. Because of the inequivalence 
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of evolutionary rates of the three ise 7 : 
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alignment of the two trees was deter- orangutan 9 8 
mined on the basis of the timescale Gibbon 11 10 
presented by Sarich and Wilson? siamang 11 10 
and by Sarich''; this timescale is oid World monkey 39 35 


shown on the left of the figure, while 
the Pilbeam”? timescale is presented 
on the right. 


with an oncogenic retrovirus (feline sarcoma virus) and 
examined the preparations of extended early-metaphase 
chromosomes by G-trypsin banding (Fig. 4). Remarkably, nearly 
every large chromosome of the brown bear could be aligned 
with a giant panda chromosome arm. Sixteen such homologous 
comparisons are presented in Fig. 4. Alignments of smaller bear 
chromosomes (for example, UAR 19-24 in Fig.4) were not 
attempted because homologies of 1-3 bands are likely to be 
coincidental. Nonetheless, the giant panda chromosomes 
seemed to be composed largely of bear chromosomes fused 
together as robertsonian translocations. 
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Only two of the banded giant panda or bear chromosomes 
had recognizable counterparts in the lesser panda or raccoon, 
thereby emphasizing the chromosomal consanguinity between 
bears and the giant panda’. On the contrary, 14 chromosomes 
of the lesser panda were strikingly homologous to chromosomes 
found in several procyonids and 10 of these were recognized as 
conservative ancestral ‘carnivore chromosomes’ found in several 
carnivore families other than Ursidae*’-*’. The simplest explana- 
tion of these data seems to affirm the molecular topologies; that 
is, the lesser panda and procyonids share a common ancestor 
at or subsequent to ursid divergence. The ursid line apparently 
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Fig. 4 G-banded karyotype of a, giant panda (A. melanoleuca); 
b, brown bear ( U. arctos), and c, comparative alignment of giant 
panda (AME) and brown bear (UAR). Skin fibroblast cultures 
were established from biopsies of each species, transformed in 
vitro with feline sarcoma virus (Snyder-Theilen strain) and G- 
trypsin-banded as described previously”. Putative homologous 
regions were based on cytological band thickness, spacing and 
intensity”. 


evolved in conjunction with a massive chromosomal rearrange- 
ment away from the primitive carnivore karyotype. This chromo- 
some ‘shuffle’ persisted in the modern bears but was reorganized 
by chromosome fusion in the giant panda lineage. 


Consensus molecular phylogeny 


As a parallel control of the different and presumably indepen- 
dent techniques used here, we have applied the same methods 
to the construction of evolutionary trees of Hominoidae and 
representative simian species (Figs 1-3). Based on the 16-Myr 
calibration of the man-orang-utan split’, the three primate 
phylogenies are topologically equivalent and in good agreement 
with the prevailing consensus of relationships between this 
group of primates™ 4-42. Basically, the apes diverged from 
their common ancestor with the Old World monkeys 30- 
40 Myr BP. The gibbons split next between 20 and 25 Myr ago. 
The great apes began their radiation ~13-16 Myr ago with the 
orang-utan lineage followed by the ape-gorilla~human split 
8-10 Myr ago. The agreement of our DNA and isozyme data 
with the immunological distance data and other topologies 
emphasizes the reliability of application of these same pro- 
cedures to the carnivores. 

The three molecular methods were also highly consistent in 
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the derived relationship within the carnivore radiations. Further- 
more, a comparison of the primate and carnivore topologies 
using each procedure allows the correlation of the bear radi- 
ations with primate events regardless of the calibration date(s) 
used. Briefly, between 30 and 50 Myr ago, the progenitors of 
modern ursids and procyonids split into two lineages. Within 
10 Myr of that event (possibly at its inception), the procyonid 
group split into Old World procyonids (represented today by 
the genus Ailurus, the lesser panda) and the New World procy- 
onids (for example, raccoon, coatis, olingo and kinkajou). The 
lesser panda and giant panda clearly do not share a common 
ancestor after the ursid-procyonid split, emphasizing that the 
morphological similarities of the pandas are probably the result 
of parallel retention of ancestral characters that may have been 
lost (for example, in the bear) after their divergence from the 














main line. At avanti the. same time as the gibbons split from 
- great apes (18-25 Myr ago), the ancestor of the giant panda 
_ diverged from the ursid line. This event was at least 20 Myr after 
. the initial divergence of the ursid and procyonid split. Near the 

“time that the orang-utan diverged from the African ape-human 
-o line (13-16 Myr ago) the earliest true bear, Tremarctos (specta- 
< cled bear), split from the ursid line. The genus Ursus began its 


radiation into the modern bears (brown, black and sun bears) 
6-8 Myr later (8-12 Myr ago). 


- Conclusions 


Molecular and cytological methods specify the divergence of 


the giant panda from the ursid lineage of the carnivores at 
_ 15-25 Myr BP, whereas ancestors of the lesser panda emerge 
very near the time of the procyonid-ursid split. But what of the 
morphological and cytological characteristics that have been 
offered by several authors™*? as evidence of evolutionary dis- 
tinction between the bear and the giant panda? Of course, these 
phenotypic traits specific to the giant panda are real and unusual 
for bears, but it is important to emphasize that even the most 
comprehensive phenotypic analysis’ found the morphological 
similarities between bear and giant panda to far exceed the 
number (and extent) of the differences. Furthermore, the appear- 
ance of significant morphological and phenotypic changes dur- 
. Ng speciation seems to be a common event of vertebrate evol- 


ution” °°. The giant panda has been cited as a striking example 


of rapid (or ‘punctuated’) morphological speciation’*®, as its 


apparently dramatic anatomical divergence from bears (or | 
raccoons) is accompanied by only a very recent (Pleistocene, 
- <2 Myr BP) fossil record'™ Y., The present results place the time 


of giant panda-bear divergence back to 15-25 Myr ago. If these 
dates are correctly calculated, they would be consistent with a 
< More traditional or gradual morphological transition to produce 
-modern Ailuropoda, and would also predict, as have Eisenberg 
-and Setzer’*, the existence of older Pliocene or even Miocene 
fossils of the ancestors of the giant panda. 

The chromosomal history within Carnivora seems to have 
been discontinuous. The chromosomes of procyonids and the 
lesser panda changed only slightly from the primitive kary- 
otype“, which is today represented in several carnivore 
families (Felidae, Procyonidae, Viverridae). On the contrary, 
during the first 10-20 Myr of ursid evolution, there occurred a 
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quantum en | reorganization that j is ‘reflected today by 
the almost complete absence of ‘carnivore-specific’ chromo- 
somes in modern Ursidae and Ailuropoda. Within the context 
of an ursid chromosomal reorganization, however, the most 
striking aspect of our analysis was not the difference but the 
similarity of giant panda and bear chromosomes. The giant 
panda apparently acquired several specific morphological and 
ethological differences from the bears and, in the process, most 
of its ‘bear-like’ acrocentric chromosomes fused to form a low- 
numbered, largely metacentric karyotype. The giant panda-bear 
phylogeny seems to provide a specific example of the uncoupling 
of the rate of molecular evolution with chromosomal evolution 
within the Carnivore order?’™>’, 

The development of a consensus phylogeny of the pandas, 
which is consistent with data from several biological perspec- 
tives, might be expected to resolve the taxonomic puzzle posed 
at the inception of the study. The molecular data described here 


provide a clear relationship between the species and narrow the 


timing of the divergence nodes between the taxa. But time is 
not universally used as the primary basis of family (or generic) 
status, especially in view of the non-continuous timescale of the 
possibly more adaptively relevant morphological variation. One 
time-based approach would be to conclude that the giant panda 
should be the single member of the genus Ailuropoda in the 
Ursidae. The phylogenies presented here would not preclude 
this assignment; however, if we accept this, should we not also 
conclude that more recent radiations in other groups (such as 
Hylobates, Pongidae and Hominoidae) should also be given 
generic status in a single family (all the apes in our example)? 
Conversely, if the giant panda is given family status, this would 
tend to minimize its relatively recent divergence from the bears. 
So, although the puzzle of phylogenetic timing may be solved, 
classification of the pandas may continue to be argued. One 
resolution of this question (which we recommend) is the com- 
promise assignment of the giant panda (A. melanoleuca) to the 
subfamily Ailuropodinae of the Ursidae family. 
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Structure of a human common cold virus and 
functional relationship to other picornaviruses 
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We report the first atomic resolution structure of an animal virus, human rhinovirus 14. It is strikingly similar to known 
icosahedral plant RNA viruses. Four neutralizing immunogenic regions have been identified. These, and corresponding 
antigenic sequences of polio and foot-and-mouth disease viruses, reside on external protrusions. A large cleft on each 


icosahedral face is probably the host cell receptor binding site. 


PICORNAVIRUSES comprise one of the largest families of viral 
pathogens and cause serious diseases in humans and other 
animals, such as the common cold, poliomyelitis, foot-and- 
mouth disease and hepatitis. They are among the smallest RNA- 
containing animal viruses', with relative molecular mass (M,) 
~8.5 X10° and containing ~30% by weight RNA Their external 
diameter is roughly 300 A and they form icosahedral shells. 
Picornaviridae have been subdivided into four genera on the 
basis of their bouyant density, pH stability and sedimentation 
coefficients: enterovirus (for example, polio, hepatitis A and 
coxsackie viruses), cardiovirus (for example, encephalomyocar- 
ditis and Mengo viruses), aphthovirus (for example, foot-and- 
mouth disease virus) and rhinovirus. They differ also in the 
number of known serotypes. For instance, there are 3 known 
serotypes for polioviruses, 7 for foot-and-mouth disease viruses 
(FMDV) and at least 89 for human rhinoviruses (HRV). Accord- 
ingly, it has been possible to produce effective vaccines for 
poliomyelitis and, with greater difficulty, for foot-and-mouth 
disease, but not for the common cold. 

Picornavirions contain 60 protomers, each composed of 4 
structural proteins VP1, VP2, VP3 and VP4 (for nomenclature 
see ref. 2). The M,s of these proteins in HRV14 are 32,000, 
29,000, 26,000 and 7,000, respectively. The capsid protein VPO 
is cleaved into its components VP4 and VP2 only in the final 
stages of assembly’. The cleavage occurs at an Asn-Ser peptide 
in HRV14, and hence is not affected by the viral protease whose 
specificity is for Gln-Gly peptides. The assembly of the capsid 
occurs in a series of steps culminating in the insertion of RNA 
into capsids to produce mature virions with the concomitant 
cleavage of VPO'?, 

The virions contain a single, positive strand of RNA which 
is translated into a single polyprotein and then processed step- 
wise into its component proteins*. The gene order is essentially 
the same for HRV, FMDV, poliovirus and encephalomyocarditis 
virus (EMCV). The initial cleavage of capsid precursor protein 
from the polyprotein is probably caused by a host cell protease, 
but subsequent cleavages are mainly dependent on the release 
of viral protease excised from the polypeptide’. 

Considerable effort has been devoted to mapping topological 
relationships among VP1, VP2, VP3 and VP4 within the capsid 
using chemical labelling of the surface of intact particles®’, 
treatment with crosslinking reagents*, reaction with specific anti- 
bodies and crosslinking with ultraviolet light?. The consensus 
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USA (J.W.E.); Department of Agronomy, Purdue University, West 
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Universitaet Wuerzburg, Zentralbau Chemie, Am Hubland, D-8700 
Wuerzburg, FRG (H.-J H) 
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is that VP1 is the most external and immuno-dominant protein, 
whereas VP4 is inaccessible from the outside but can be cross- 
linked with RNA on the interior. Heat treatment or mild denatur- 
ing agents cause a conformational change in the capsid, thus 
altering the response to antisera. Surprisingly, the internal capsid 
protein VP4 can dissociate and escape from the capsid during 
antigenic conversion’. 

The RNA, and hence by inference the polyprotein, has been 
sequenced for all three strains of poliovirus, for various FMDV 
strains, for two strains of rhinovirus'°'*, for EMCV and for 
hepatitis A virus. Protein~protein comparisons between HRV, 
poliovirus, EMCV, FMDV and hepatitis A virus sequences show 
that HRV and poliovirus are closely related, whereas sequence 
homology of HRV to EMCV, FMDV or hepatitis A virus is not 
immediately obvious, particularly for the structural proteins. 

X-ray diffraction studies of crystalline picornaviruses have 
produced only limited information. Coxsackievirus crystals and 
poliovirus crystals? were reported a long time ago and 
rhinovirus strain 1A crystals a little later. However, the technical 
problems involved in a complete structure determination were 
not solved until the elucidation of the small plant RNA viruses 
tomato bushy stunt virus (TBSV)'*, southern bean mosaic virus 
(SBMV)'° and satellite tobacco necrosis virus (STNV)!°. This 
encouraged the renewal of the crystallographic study of 
poliovirus’? and stimulated work on rhinovirus’? as well as 
Mengo virus. It was shown'® that rhinovirus and poliovirus 


Table 1 Data used in structure determination 


No of unique observations (F*> 1e( F?) for 
each data set and percentage of possible total 





1mM 5mM 
Resolution Native KAu(CN), KAu(CN), 
range (A) No. % No. % No. % 
co-30 358 63 331 57 231 40 
30-15 3,445 86 2,847 70 1,850 46 
15-10 9,109 84 7,57 70 5,029 46 
10-7.5 17,532 83 14,641 68 9486 45 
7.5-5.0 70,043 8i 57,577 65 34,046 39 
5.0-3.5 184,864 78 138,477 58 ' 
3.5-3 0 133.101 63 83,852 39 
3.0-2.75 60,629 36 25,271 15 
2.75-2 6 25,834 ll 8,175 3 
Total 509,915 58 338,928 39 50,641 41 
No. of film packs 83 48 ł1 
R-factor (%) 11.0 12.9 12.0 
Raz Ži (eA Lal 99 
Di a I, 


where I, 1s the mean of the I, observations of reflection h 
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crystals can be roughly isomorphous, suggesting ~ close 
similarities of the viral capsids, a result later supported by 
sequence homologies. 


Structure determination 


HRVI14 crystals were prepared as described by Arnold et al.'®. 
The crystals are cubic with the dimension a=445.1 A and 
belonging to space group P2,3. There are four particles per 
crystal unit cell with each virion situated on a crystallographic 
3-fold axis along the body diagonal. Thus, one-third of the virus 
(or 20 icosahedral asymmetrical units) is in the crystallographic 
asymmetrical unit. A rotation function’? gave the particle 
orientation’? and packing considerations showed that the par- 
ticle had to be near (0, 0, 0) or (1/4, 1/4, 1/4) given the choice 
of origin as defined in the International Tables for Crystal- 
lography. 

The data used for the results given here were collected at the 
Cornell High Energy Synchrotron Source (CHESS). A new 
crystal was used for every exposure. A total of 83, 0.3°-oscillation 
film packs were eventually included in the native data (Table 
1). Surveys for suitable isomorphous heavy-atom derivatives 
eventually produced two related compounds, 1 mM KAu(CN), 
and 5 mM KAu(CN),. Full high-resolution data were collected 
of the former, but only partial low resolution (0.6 to 0.8° oscilla- 
tion angles) of the latter. 

The mean differences between heavy-atom derivatives and 
the native data set were rather small in proportion to the size 
of the native amplitudes (8% for 1 mM KAu(CN), and 12% 
for 5mM KAu(CN),) but also the size of the differences 
increased at a resolution >7 A. Thus, there seemed to be little 
substitution and some concern about lack of isomorphism, par- 
ticularly at higher resolution. 

Systematic vector search procedures were applied to 6A 
difference Pattersons. The first three-dimensional searches were 
based on locating the self-Patterson vectors within an icosahe- 
dral virion given its known orientation. Plausible sites were then 
explored further using partial four-dimensional searches in 
which the virion position was slightly varied and cross-Patterson 
vectors between particles were also considered. The results 
clearly showed a single site, A, on the icosahedral 3-fold axes 
at a radius of 111.0 A for the 1 mM KAu(CN), compound and 
a possible substitution at the same site in the 5mM KAu(CN), 
derivative. The best particle position was found to be at x= y= 
z = (0.0006. Three-dimensional searches were then conducted for 
a second site assuming the particle position as well as the A 
site, yielding site B in the 5 mM but not inthe 1 mM KAu(CN), 
derivative. The heavy-atom parameters for both heavy-atom data 
sets were used for determining phases to 6A resolution. The 
resultant electron-density map, averaged over the 20 different 
non-crystallographic asymmetrical units, showed clearly the 
viral protein envelope between ~100 and 150 A radius. 

The-6 A map was improved with two cycles of molecular 
replacement averaging and _ back-transformation®*'. A 
difference map of the two Au heavy-atom data sets with respect 
to the native data, based on the improved phases, showed an 
unambiguous third site, C, in the 5mM KAu(CN), derivative. 
The heavy-atom parameters (Table 2) were used to compute 
phases from 25 to 5A resolution. The resultant map was the 
starting point for five cycles of molecular replacement. The 
electron-density map was exceptionally clear, showing that there 
are probably three 8-barrels per icosahedral asymmetrical unit. 

Phase extension beyond 5 A resolution to 3 A was performed 
in 20 steps. In each step, the resolution was extended by three 
reciprocal lattice points using phases obtained by back-trans- 
forming the previous averaged map. Two to three molecular 
replacement real-space averaging cycles were usually sufficient 
to improve the R-factor to <30% and correlation coefficient to 
>0.5 in the current outermost resolution shell (Fig. 1). Attempts 
at increasing the resolution in larger steps led to erroneous 
phases, probably the result of satisfying the non-crystallographic 
symmetry constraints in isolated outer regions of reciprocal 
space independently of the origin, enantiomorph or Babinet’s 
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Fig. 1 Phase determination from 5 to 3 Å resolution by extension 
from 5 Å ın small incremental steps of resolution. Shown are the 
correlation coefficients (C) and R-factors obtained from the initial 
5 A double isomorphous replacement determination (O), the 5-A 
resolution refined phases, cycle 5 (@), the 3.5-A resolution 
extension, cycle 40 (A) and the final 3.0-A resolution results, cycle 
60 (O). Both R and C measure the agreement of the observed 
structure amplitudes and those calculated by Fourier back-trans- 
formation of the averaged cell. a, R-factor; b, C, where 


AF- [Fol) (Fi) |EN 
[EC Fi) — Fol)? CE- ET 
and 
DI Fol — LED] 
|Fol 
Here | F,| and |F_| are observed and calculated structure amplitudes, 


respectively placed on the same relative scale for each local resol- 
ution shell; (F) is the mean observed amplitude in that shell 


R= 


inversion established at lower resolution. The particle envelope 
was defined by an external and internal sphere of 163 and 104 A 
radius, respectively. Density outside the envelope was set to 
zero. The external sphere was truncated by planes, tangential 
to the map interparticle contacts, at a radial distance of 157 A 
to avoid particle overlap, while allowing all the protein density 
to be included within the envelop. Electron densities used for 
averaging were computed on grids with spacing less than one- 
fifth of the resolution of the data. 

When phases had been extended to 3.5 A resolution, after 40 
cycles of molecular replacement, a map of extremely good 
quality was calculated. Most residues could be easily recognized 
and the map interpreted fully. The final electron-density map 
was averaged and displayed in sections at 1-A intervals perpen- 
dicular to an icosahedral 2-fold axis. A mini-map of the 3.5-A 
resolution electron density was used for the original chain 
tracing and amino-acid identification. An atomic model was 
then built into the final 3.0-A resolution map using an Evans 
and Sutherland PS300 computer graphics system and the 
FRODO program”’. Most of the carbonyl oxygens and some 
water solvent molecules are readily recognizable. 
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Phase determination based on non-crystallographic symmetry 
was first suggested by Rossmann and Blow'™”*. It was used to 
compute very low-resolution maps of SBMV and polyoma virus, 
and for limited phase extension in the determination of STNV 
and haemocyanin. However, there was considerable concern 
that the molecular replacement method could fail in extending 
the phases all the way from low resolution (5 A) to high reso- 
lution (3 A). The high quality of the map reflects the precision 
of the diffraction data and the power and exactness of the 
non-crystallographic constraints as opposed to the approxima- 
tions required in an isomorphous replacement phase determina- 
tion. The success of these techniques holds promise for a rapid 
series of structural determinations of viruses and other biological 
assemblies of high symmetries, by reducing the dependence on 
finding satisfactory isomorphous heavy-atom derivatives. 


Structure 


The particle consists of an icosahedral protein shell (Fig. 2a) 
surrounding an RNA core. The lack of visible structure in the 
central cavity results from the random orientation of the asym- 


metrical RNA molecule. Both the tertiary fold of the VP1, VP2. 


and VP3 polypeptide chains and their quaternary organization 
within the HRV14 capsid are very similar to the two published 
high-resolution structures of T =3 (180 identical subunits per 
capsid) RNA plant viruses, TBSV'* and SBMV”. Although the 
subunit organization within the icosahedron is somewhat 
different, a similar tertiary structure has also been found for 
T = 1 STNV (60 subunits per capsid)'®. The radial position and 
oreintation of structurally equivalent C, atoms of HRV14 and 
SBMV generally agree to better than 3 A relative to the icosa- 
hedral symmetry axes. In the plant viruses, the three quasi- 
equivalent subunits A, B and C have the same amino-acid 
sequence but cannot have identical geometrical environments”. 
For SBMV, the first 63 of the 260 amino acids per subunit are 
associated with the RNA and therefore do not have icosahedral 
symmetry. In the C subunit, unlike the A and B subunits, residues 
38-63 of SBMV are ordered with their ends forming a ‘B- 
annulus’ about the icosahedral 3-fold axes (Fig. 2b). Residues 
64-260 of SBMV are referred to as the ‘shell’ domain and form 
an eight-stranded anti-parallel 8-barrel (Fig. 3a). The 6-barrels 
in HRV14, like those in SBMV, are wedge-shaped, with the thin 
end (left in Fig. 3) pointing towards the 5- or 3-fold (quasi-6- 
fold) axes. The alignment of the VP1, VP2 and VP3 chains of 
several picornaviruses is shown relative to the capsid protein of 
SBMV in Fig. 4. 

The three larger capsid proteins VP1, VP2 and VP3 in HRV14 
are oriented and situated at essentially the same radius and 
position as the A, C and B subunits in SBMV, respectively. The 
capsid proteins of HRV14 are related by a pseudo-3-fold axis, 
analogous to the quasi-3-fold axis in SBMV and TBSYV, at the 
asterisk in Fig. 2b. However, VP1 and VP3 have additions at 
their amino- and carboxy-termini. The amino ends, as in plant 
viruses, are in contact with the internal RNA cavity, but unlike 
plant viruses, they are more acidic than basic and have only a 
` very few amino-terminal residues ‘disordered’ (lacking icosahe- 
dral symmetry). The first 64 of the 73 amino-terminal residues 
of VP1 reside under VP3, whereas the first 42 of the 71 amino- 
terminal residues of VP3 are under VP1. Thus, the predominant 
positions of VP1 and VP3 at the RNA-protein interface are 


t 
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Fig.2 Relation of the pseudo-equivalent VP1, VP2 and VP3 sub- 
units to the quasi-equivalent subunits A, C and B in TBSV and 
SBMV a, Icosahedral capsid; the thickly outlined VP1, VP3, VP2 
- unit corresponds to the 6S (VP1, VP3, VPO) protomer and the 
15-mer cap to the 14S pentamer observed in assembly experiments. 
b, Icosahedral asymmetrical unit showing the ordered amıno- 
terminal arm BA present only in the C subunit of the plant viruses 
and VP2 of HRV14 The amino-end of the arm interacts with two 
other VP2 arms across the 3-fold axis, whereas the carboxy-end 
of the arm interacts with a VP2 across the 2-fold axis. Asterisk 
indicates the position of the quasi-3-fold axis in SBMV and TBSV 
analogous to the pseudo-3-fold axis in HRV14 Subscripts desig- 
nate the symmetry operation required to obtain the given subunit 
from the basic triangle. 


exchanged relative to their positions at the exterior surface 
(Fig. 5). 

The first 25 of the 69 residues of the internal structural protein 
VP4 are not seen in the electron-density map, implying that they 
lack icosahedral symmetry. VP4 is an extended polypeptide 
chain, positioned internally below, but in contact with, VP1 and 
VP2. Its visible amino end surrounds the 5-fold axis. The carboxy 
ends of VP1 and VP3 are external and function in part to 
associate proteins within a protomer (Figs 2a, 5). 

Large sequence insertions relative to the typical shell domain 
(Fig. 4) form protrusions on VP1, VP2 and VP3 and create a 
deep cleft or ‘canyon’ on the viral surface. The canyon separates 
the major part of five VP1 subunits (in the ‘north’) clustered 
about a pentamer axis from the surrounding VP2 and VP3 
subunits (Fig. 6) (in the ‘south’), thus forming a moat around 


Table 2 Heavy-atom parameters used for double isomorphous replacement phasing 





No. of 
“ sites Fractional cell 
Relative per coordinates 
Derivative Site occupancy virion x y 

1 mM KAu{CN}), A 80.4 20 0.2389 —0 0186 

: i 
5 mM KAu{CNn), A 642 20 0 2368 —0 0185 

B 33,7 60 0 2637 0 0823 

C 24.7 60 0 2606 0 0004 


Orthogonal 


coordinates (Å) Polar coordinates 


with respect to with respect to Chemical 
icosahedron icosahedron site of 
P Q R R(A) (4°) ($°) attachment 


—0 0739 00 398 104 2 111.5 69 1 -900 VP2 Cys 7 


~0.0732 10 38.7 103.5 1105 69 5 -895 VP2 Cys7 
—0 0206 437 13.9 1130 122.0 830 
0 0389 61 -102 1168 117.0 95.0 -870 VP2 


—69.0 VPI Cys 69 


Cys 248 
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Fig. 3 Diagrammatic drawings showing the polypeptide fold of SBMV and of each of the three larger capsıd proteins of HRV14. The 
nomenclature of the secondary structural elements is derived from that of SBMV®. Amino-acid sequence numbers, appropriate for each 
protein, are also shown. a, SBMV, b, VPI of HRV14; c, VP2 and VP4 of HRV14; d, VP3 of HRV14. There are four excursions of the polypeptide 
chains towards the wedge-shaped end, Each excursion makes a sharp bend or ‘corner’. The most exterior (top left) corner is formed between 
the B-sheets BB and BC, the second corner down 1s formed between BH and £I, the third corner ıs between BD and BE1 and the most 
internal corner connects BF and BG. The BF-8G corner is the site of a 25-residue insertion in SBMV, including the a-helix aC, that is not 
present in any of the viral proteins of picornaviruses, nor in TBSV or STNV (Adapted from a drawing of SBMV by Jane Richardson). 


the VPI protrusions on the 5-fold axis. The south canyon walls 
are lined with the carboxy-terminal ends of VPI and a large 
sequence insertion in VP1 corresponding to helices aD and aE 
in the equivalent SBMV capsid protein. The north canyon wall 
is partially lined with the carboxy terminus of VP3. VP2 1s hardly 
associated at all with the canyon, whereas VP1 is the major 
contributor to the residues lining the canyon. The canyon is 
25 A deep and 12-30A wide. 

Because of the additional elaborations which VP1 has on the 
surface relative to VP2 and VP3, its overall shape is that of a 
kidney, with the depression forming a large part of the canyon 
(Fig 6a, b). The first 16 residues of VP1 (Fig.3b) are not seen 
in the electron-density map. The shell domain of VP1 in HRV14 
starts at residue 74. The small sequence insertion between BB 
and BC in rhinovirus and poliovirus is not found in FMDV. 
This loop forms a major immunogen in HRV14, NIm-IA and 
poliovirus. (The previously reported? N-Agi and N-Agit have 
been renamed NIm-JA and NIm-III to identify them as 
neutralizing immunogens and to indicate their major coat pro- 
tein locations on VP1 and VP3, respectively.) Five carbonyl 
oxygens of 5-fold-related Asn 141 residues converge on the 
vertex to chelate a presumably cationic ligand on the 5-fold 
axis. The residues in VP1 of HRV14 that are analogous to aD 
and aE helices in SBMV protrude to the surface and form part 
of the south rim of the canyon, but do not form helices in 
HRV14. The most external portion of this segment contains the 
major antigenic site of FMDV and has been predicted to form 
an a-helix’®. The carboxy-terminal 23 residues of VP1 line the 
south rim of the canyon in HRV14. There is little conservation 
of these residues among picornaviruses. 





Table3 Amino acids associated with each of the four major 
immunogenic sites in HRV14 


Amino-acid 
number Wild type Observed mutations 

NIm-IA 

VP1 91 D > AEGHNVY 

VPI 95 E > GK 
Nim-IB 

VP1 83 Q > H 

VPI 85 K -> N 

VPI 138 D > EG 

VPi 139 S > P 
NIm-II i 

VP2 158 S > F 

VP2 159 A > V 

VP2 161 E > DV*D*K 

VP2 162 V > MA* 

VP1 210 E > pD* 

VP2 136 E > G 
Nim-Ill 

VP3 72 N -> I 

VP3 75 R > GKM 

VP3 78 E` > KV 

VPI 287 K -> I 

VP3 203 G > D 





Substitutions in mutants selected for resistance to neutralization by 
monoclonal antıbodies. 

* A double mutation to V161 and A162 occurred in two cases; a 
double mutation to D161 and D210 occurred in a third case. 
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Fig. 4 Alignment of the three larger viral proteins VPI, VP2 and VP3 with a typical plant viral capsid protein as, for instance, the SBMV 


coat protein. The symbols §) and... 


represent insertions and deletions with respect to the typical plant virus capsid protein. Immunogenic 


sites found in HRV14 are also shown. Three different picornaviruses are considered The assignments of HRV14 are derived from the 

electron-density map and the known sequence of its RNA The alignment of polio type 1 Mahoney was deduced from the amino-acid homology. 

_ The alignment of FMDV type A10, determined from amino-acid homology with all available prcorna sequences, ts uncertain from residues 1 
to 190 in VPI 


The first three residues of VP2 (Fig.3c) are not seen in the 
electron-density map. The proximity of Ser10 in VP2 to the 
carboxy-terminus of VP4 suggests that the VPO cleavage which 
occurs during the virus maturation step is autoproteolytic. There 
is no histidine next to Ser 10 and the carboxy end of VP4. 
However, nucleotide bases of the RNA could act as proton 
acceptors in the autocatalysis. Thus, the insertion of RNA into 
the growing capsids could trigger the cleavage of VPO into VP2 
and VP4. The aD and aE helices are absent in VP2 (Fig. 3c). 
There is a large 43-residue insertion in the VP2 position, corre- 
sponding to BE2 of VPI and VP3 and forming an external 
mushroom-shaped ‘puff’. This is positioned next to the VPI 
elaborations, associated with the major antigenic site in FMDV, 
which line the south canyon wall (Fig. 6). The most external 
residues of this puff correspond to NIm-II of HRV14. In contrast 
to YPI and VP3, the carboxy-terminus of VP2 has no extension 
beyond the shell domain. 

All residues of VP3 (Fig.3d) can be seen in the electron- 
density map. The 26 amino-terminal residues form a 5-fold 
8-barrel about the pentamer axis analogous to the B-annulus'* 
about trimer axes in SBMV and TBSV. This 5-fold annulus 
extends down into the RNA to a radius of 111 A. The polypep- 
tide emerges from the B-annulus and circles around the base 
of the VPI shell domain, probably making extensive contact 
with the RNA in the central cavity. It then emerges on the viral 
surface near residue 61 and enters the shell domain at residue 
72. The top corner of the VP3 shell domain, between BB and 
BC, is the NIm-III site of HRV14, structurally equivalent to 
NIm-IA in VP1. The external helices aD and aE of SBMV are 
absent, as in VP2. When the shell domains of VP3 and VP1 are 
superimposed, much of the amino- and carboxy-terminal arms 
are also structurally equivalent. 


Immunogenic sites on HRV14 


The immunological response to a virus is a major defence against 
disease in animals. Antibodies can bind to viruses but they do 
not necessarily neutralize infectivity Despite the 60-fold 
equivalence of each potential binding site on the virus, as few 
as four neutralizing antibodies per virion can be sufficient to 
inhibit infectivity of poliovirus”. Neutralizing antibodies 
usually change the isoelectric point of the picornavirions”®”’, 


indicating that a conformation change frequently accompanies 
neutralization. Antibodies may neutralize by interfering with 
cell attachment, membrane penetration or virus uncoating. Anti- 
bodies that bind to poliovirus may require bivalent attachment 
for neutralization of the virus?” 

Amino-acid residues within the major neutralization 
immunogens of HRV14 have been identified by Sherry and 
Rueckert” and by Sherry et al.>'. (The region represented by a 
synthetic peptide need not be immunogenic to a corresponding 
sequence on a viral surface; hence, by using peptide immuniza- 
tion, antibody specificities can be generated that cannot be 
obtained by other methods. Thus, an immunogen is here defined 
as a site on the intact virus that has been demonstrated to 
generate neutralizing antibodies.) They isolated mouse 
hybridoma lines which secrete monoclonal antibodies that 
neutralize HRV14 and each was then used to select several viral _ 
mutants resistant to neutralization by that antibody. Finally, 
every monoclonal antibody was assayed for its ability to neutral- 
ize the mutants. The results revealed four major immunogenic 
neutralization sites, each one composed of overlapping epitopes 
where a given mutant was resistant to many or all of the anti- 
bodies directed against that site. The amino-acid residues 
defining the four immunogens are summarized in Table 3. These 
results were obtained without knowledge of the three- 
dimensional structure. When, however, the electron-density map 
became available, it was immediately clear that the substitutions 
that could confer resistance to neutralization, regardless of their 
location in the amino-acid sequences, were localized into four 
distinct areas (NIm-JA, NIm-IB, NIm-II and Nim-IIJ) corre- 
sponding exactly to the proposed immunogens. Moreover, these 
residues invariably faced outward towards the viral exterior 
(Figs 6a, 7). The large protrusion near NIm-III, consisting of 
residues 282-286 in VP1 and 58-63 in VP3, has not been shown 
to be antigenic for HRV14 but in FMDV residues associated 
with the carboxy-terminal end of VP1 have shown antigenicity 
(Table 4). 


Relation to other antigenic sites 


Table 4 summarizes results obtained in mapping the 
immunogenic and antigenic surfaces of other picornaviruses. 
There is a dominant immunogen in poliovirus corresponding to 
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Table 4 Evidence for antigenic regions in poliovirus and FMDV 


HRV14* 

Coat Amino-acid amino-acid 
Virus protein no. equivalent Serotype Ref. Method Position in HRV14 structure 
Polio VPI 11-17 deleted 1M 29 3 Within RNA 
Polio VPI 24-40 14-30 IM 46 5 Faces RNA 
Polio YP? 70-75 60-65 1M 29 3,6 Faces RNA 
Polio VP1 61-80 51-70 1M 46 2 Faces RNA 
Poho VP1 86-103 77-97 1M 46 5 NIm-IB+ NIm-JA 
Polio VPI 91-109 84-103 1M 46 2 NIm-IB+NIm-IA 
Polio VPI 100-109 93~103 1M 46 2 Part of NIm-IA 
Polio VPI 93-103 86-97 1M 29 2, 3,6 NIm-IB(?)+ Nim-IAf 
Polio VPI 93-104 86-98 1 47 4 NIm-IB(?)+ Nim-IAt 
Polio VPI 93-100 86-93 3L 48, 49 1 Nim-IB(?)+ part of NIm-IAT 
Polio VPI 141-147 135-141 1M,S 50 3 NiIm-IB 
Polio VPI 161-181 154-174 IM 46 5 Partly exposed on canyon 
Polio VPI 182-201 175-193 IM 46 2 Buried on 4th corner down 
Polio VPI 222-241 212-225 IM 46 2 NIm-II 
FMDV VPI 141-160 210-228 O,K 51 2 NIm-II 
FMDV VPI 144-159 211-227 OK 26 2 NIm-II 
FMDV VPI 145-168 211-236 A12 52 8 NIm-II 
FMDV VP1 146-154 211-223 O,K 37 7 NIm-II 
FMDV VP1 169-179 237~247 A12 38, 52 8 NIm-IB central strand 
Polio VP1 270-287 254-272 1M 46 5 Partly exposed on canyon wall 
FMDV VPI 200-213 268-294 O,K , ol 2 NIm-III(?) 
FMDV VP1 200-213 268-294 O,K 37 7 NIm-III(?) 
Polio VP2 162-173 161-170 1M 53 2,3 NIm-II 
Polio VP3 71-82 70-81 IM 53 6 NIm-II 





Serotype: 1M (type 1, Mahoney), S (Sabin), 3L (type 3, Leon), O,K (type O,, strain Kaufbeuern), A12 (type A, subtype 12). Numbers in methods 
column refer to the following techniques: (1) Monoclonal antibodies raised against intact virus select for resistant mutations; (2) synthetic peptides 
induce neutralizing antibodies; (3) synthetic peptides prime for high titre neutralizing response; (4) synthetic peptide competes with monoclonal 
antibody to inhibit neutralization; (5) synthetic peptides induce antibodies which bind virus but neutralize poorly; (6) neutralizing antisera or 
monoclonal antibodies bind peptide in an enzyme-linked immunosorbent assay; (7) deduced from ability or inability of protein fragments to induce 
neutralizing antibodies, (8) deduced from ability or inability of neutralizing monoclonal antibodies to bind protein fragments 


* Aligned by eye and by fitting to the shell domain structure. 


+ Uncertainty caused by somewhat arbitrary nature of computer alignments 


NIm-IA of rhinovirus. The absence of a corresponding 
immunogen in FMDV is explained by deletion of this loop from 
its VPI. 

The dominant antigenic site in FMDV resides in a region 
homologous with NIm-II in HRV14 (Table 4). The VP1 contri- 
bution to this antigen has also been shown for HRV14 (Glu 210 
of NIm-II in Table 3) and for poliovirus (residues 222-241, 
Table 4). In FMDV, however, the immunogenic puff on VP2 is 
absent and eight amino acids are inserted at the extreme surface 
of the a D-a E region of VP1. The resulting protrusion of NIm-H 
in FMDV would be unsupported by the puff. Therefore, this 
protrusion may occupy the space which in HRV14 is occupied 
by the puff. The inability, of FMDV VP1 to elicit neutralizing 
antibodies?” is consistent with the lack of structural support for 
this NIm-II protrusion in the absence of the neighbouring VP2. 

Poliovirus can also be neutralized by antibodies that bind to 
Nim-II or NIm-III (Table 4). Thus, there is an overall con- 
sistency in identifying at least three of the major HRV14 
neutralization sites in poliovirus. 

Many of the methods used to determine antibody-binding 
sites depend on the use of synthetic peptides as antigens (Table 
4). Peptides associated with neutralizing antigenic regions do, 
in general, elicit antibodies that can neutralize the intact virus. 
In a significant number of cases (lines 1, 2, 3, 4, 8 and 13 of 
Table 4), however, the sequence in question lies far below the 
viral surface or is even buried in the RNA. This suggests that 
some peptides can elicit antibodies which subsequently bind to 
totally unrelated portions of the native virus. Alternatively, some 
of the results could be accounted for by conformational changes 
occurring during the isoelectric transition of the virus. 


The canyon as receptor binding site 


Despite the sequence and surface similarities of picornaviruses, 
they have different host and tissue specificity. Abraham and 
Colonno?? have shown, using 24 rhinovirus serotypes in compe- 


tition binding assays, that, although most serotypes recognize 
one receptor, a second smaller group recognizes a different 
receptor. HRV14 (sequenced by Callahan et al.'' and by Stanway 
et al.'°) belongs to the larger receptor group whereas HRV2 
(sequenced by Skern et al.'*) belongs to the smaller one. Krah 
and Crowell** have characterized some properties of HeLa cell 
receptors for group B coxsackieviruses. They found that con- 
canavalin A (Con A) and other lectins adsorbed to receptors 
and inhibited virus attachment, a finding similar to that of 
Lonberg-Holm*. 

The presence of the 25-A deep canyon, circulating around 
each of the 12 pentamer vertices (Fig. 6), suggests that this is 
the site for cell receptor binding. An antibody molecule, whose 
Fab fragment would have a diameter of the order of 35 A, would 
have difficulty in reaching the canyon floor, its entrance being 
blocked by the canyon rim. Thus, the residues in the deeper 
recesses of the canyon would not be under immune selection 
and could remain constant, permitting the virus to retain its 
ability to seek out the same cell receptor. 

Although retention of the canyon structure for all picorna- 
viruses is to be expected, variation in the residues lining the 
canyon should be anticipated between viruses that attach them- 
selves to different host cell receptors; that is, FMDV, polio, 
HRV14 and HRV2, all of which recognize different receptors, 
should exhibit some variation in the residues lining the canyon 
wall. Note that those parts of the carboxy-terminal ends of VP1 
and VP3 which line the canyon walls are some of the least 
conserved amino acids among picornaviruses. As the topology 
of the canyon should be retained, the highly conserved, struc- 
turally equivalent sequences (MYVPPGAPNP starting at 151 
of VP1 and AYTPPGARGP starting at 130 of VP3 for HRV14) 
in rhino, polio and FMD viruses situated near the floor of the 
canyon may be significant. 

FMDV can be treated with trypsin, causing cleavage at 
residues between 138 and 154 of VP1. This causes the virus to 
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Fig. 5 Polypeptide tracing of VP1 (blue) and VP3 (red). The 
selected proteins are related by a pseudo-2-fold axis. Note the 
intertwining of the amino- and carboxy-terminal ends. Shown also 
are VP2 and VP4 in green. The chosen subunits are those most 
closely linked and probably correspond to the 6S protomer 


lose its ability to attach to cells and to stimulate neutralizing 
antibody’. The enzymatic cleavages occur in NIm-II on the 
aD-a@E protrusion of VP1, a large loop which also forms part 
of the presumed host receptor binding site. 

Argos et al.” have shown that there is a similarity in the 
folding topology of Con A and the shell domain of TBSV (and 
hence also to VP1), thus providing a possible rationalization ol 
the competition experiments at the molecular level”, The 
functional sugar binding site of Con A corresponds roughly to 
the NIm-IB site in VP1. Comparison of the amino-acid sequence 
between type 1 Mahoney (virulent) and type 1 Sabin (attenu- 
ated) shows that the differences are concentrated near the NIm- 
IB site. This raises the possibility that virulent and attenuated 
strains may have altered receptor specificity for carbohydrate 
recognition. Similarly, the deletion of HRV2 relative to HRV14 
in BB near NIm-IB may, in part, be responsible for the different 
receptor specificity” of these two rhinoviruses. 


Neutralization 


Because an antibody itself has a 2-fold axis, bivalent attachment 
could occur across icosahedral 2-fold axes. The distances 
between the nearest 2-fold-related immunogenic sites IA, IB, H 
and III are 120, 120, 50 and 60 A, respectively. All other sym- 
metrical counterparts of these antigens related by 2-fold axes 
are at least 170 A apart. Lower and upper limits of the distance 
of the two antibody-binding sites on an immunoglobulin 


molecule are not well known but probably lie in the range of 


50 to 180 A*’. Hence, symmetrical bivalent attachment of anti- 
bodies to the known immunogens may be possible, although 


NiIm-II and III are close to the probable limit. As Fab arms of 


antibodies are capable of some rotation, it is conceivable that 
bivalent asymmetrical attachment could also occur across 3- or 
5-fold axes. The resultant torque may produce conformational 


changes sufficient to interfere with the normal process of 


infection 


Assembly 


Assembly of picornaviruses' proceeds from 6S protomers of 
VP1, VP3 and VPO, via 14S pentamers of five 6S protomers, to 
mature virions. The final step involves inclusion of the RNA 
into empty capsids or partially assembled shells with simul- 





Fig.6 a, Balsa wood model of the 5A electron-density map 


showing the external portion of the virus. The balsa wood sheets 
are equivalent to a thickness of 1.5 A and are perpendicular to an 
icosahedral 2-fold axis. The proteins VP1, VP2 and VP3 are 
coloured blue, green and red, respectively. The central VP1 protein 
is dark blue whereas the neighbouring, 5-fold-related, VP1 proteins 
are light blue. The positions of the major HRV14 immunogens are 
shown. Note the large canyon which ts the proposed binding site 
of the host cell receptor. The base of the canyon ts inaccessible to 
antibody binding, whereas the canyon rim ts lined with antigenic 
sites. b, C„ polypeptide chain tracing of VP1, VP2 and VP3 in two 
neighbouring protomers. Amino-terminal domains of VP] and VP3 


f 


are omitted. Colour code is as in Fig. 5 and a 


taneous cleavage of VPO into VP2 and VP4. Conversely, in vitro 
disassembly, produced by mild denaturation, proceeds via the 
expulsion of VP4 followed by the RNA'. 

Both the amino and carboxy ends of VP1 and VP3, are 
intertwined with each other (Fig. 5). Furthermore, if VP4 and 
VP2 are considered as VPO, then VPO is also intertwined with 
VP1 and VP3., which strongly suggests that the 6S protomer is 
as shown in Fig. 2a. These protomers are themselves intertwined 
because of the 5-fold B-annulus formed by the amino ends of 
the VP3s and the proximity of the observed amino ends of VP4s 
to the 5-fold axis. Thus, the 14S pentamers closely correlate 


CQ 1045. 





Fig. 7 Stereo view of each of the four 
antigenic sites on the HRV14 surface. 
The models were built with respect to 
the 3.0-A resolution electron-density 
map on an Evans and Sutherland 
PS300 system using the FRODO pro- 
gram package. 1,000 has been added 
to residue numbers in VP1, 2,000 for 
residues in VP2 and 3,000 for residues _ 


in VP3. Identified atoms are C, (CA), 


Cg (CB), C, (CG), O, (OG), Cg 
(CD), C; (CZ) and N; (NZ). a, Nim- 
IA is an insertion between BB and BC 
at the top-most corner of the VPI 
wedge. It is the most external portion 
of the complete virion, being 160A 
from the centre. Residues 91. and 95 
are on the extreme external portion of 
the loop. b, NIm-IB on VPI is at the 
carboxy ends of BB and BD, which 
are situated on either side of the 
amino-end of strand BI. No mutations 
conferring resistance have yet been 
found on the BI strand. The NIm-IB 
site is close to the 5-fold axis, a little 
below the canyon rim. c Nim-II on 
VP2 is at the extreme outside of the 
puff, 155 A from the viral centre. This 
immunogenic puff is next to the exter- 
nal loop formed by the sequence inser- 


@E of SBMV. One of the residues 
(Glu 210 on VP1) that is associated 
with Nim-II is on VP1 (Table 3). d, 
NIm-IH on VP3 is 149 A from the viral 
centre to some extent in the shadow of 
a larger protrusion of VP3 (residues 
58-63) and the carboxy end of VPI 
(282-286). Residue Lys 287 on VPI, 
associated with this site (Table 3), 
points directly towards and is next to 
the other residues on VP3 associated 

with Nim-Ill. 
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with the observed structure, shown diagrammatically in Fig. 2a. 
Such an assembly sequence matches that observed in plant 
viruses, in particular that of SBMV, where the building blocks 
are dimers corresponding to VP1 and VP3, and where the 
formation of intermediates with 5-fold symmetry is considered 
to be a critical stage in the formation of T=1 and T=3 
capsids***?, 

The protein VP2, once cleaved from VP4, is globular and does 
not contact the other proteins extensively, although there are 
extensive solvent-accessible regions around VP2 continuing into 
VP1. This, as well as the extraordinarily internal heavy-atom 
sites on VP2 (Table 2), is consistent with loose binding of VP2 
to the capsid. (The ability of the heavy atoms to penetrate deeply 
into the shell suggests cautious interpretation of data based on 
the use of small chemical labels for mapping viral surfaces). 
Disruption of pentamer-pentamer contacts, mediated by a slight 
reorientation of VP2 or its complete removal, could provide a 
port by which the VP4 and RNA can exit. Binding of a cell 
receptor in the canyon next to VP3 could facilitate this process, 
possibly accompanied by an isoelectric change. 

The amino-ends of the capsid proteins are invariably associ- 
ated with the RNA in both plant and animal viruses. However, 
in TBSV, SBMV and STNV they are basic, whereas in HRV14 
they are mildly acidic. These properties may be significant for 
the initial events of assembly. 


Evolution 


Conservation of three-dimensional structure is almost invariably 
greater than conservation of amino-acid sequence homology” 
Thus, structural comparison can be used to trace divergent 
evolution over longer time spans than is possible by amino-acid 
comparisons. Many structural comparisons have now been made 
and their probability for divergence assessed. These provide 
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benchmarks to which other comparisons can be related. Thus, 
the considerable similarity of VP1, VP2 and VP3 structures to 
those of the plant viruses leaves little doubt as to their divergence 
from a common ancestor. Possibly the corresponding gene for 
a protein such as Con A provided a useful tool for the formation 
of biological assemblies that could attach themselves to animal 
cell receptors. Franssen et al? and Argos et al have also 
shown that the virally coded polymerase, the genomic protein 
VPg and the protease of polioviruses are homologous in 
sequence and gene order with cowpea mosaic virus. These 
comparisons have been extended to other viruses, for example, 
alfalfa mosaic virus, brome mosaic virus, cucumber mosaic virus, 
tobacco mosaic virus and Sindbis virus*° 
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Hamilton, Helfand and Becker’ (hereafter termed HHB) have 
recently used the Very Large Array (VLA) telescope at 1,465 MHz 
to observe radio sources in globular clusters. These observations 
were primarily motivated by the suggestion? that millisecond pulsar 
progenitors could be identified with low-mass X-ray binaries 
(LMX Bs), and the fact that the frequency of occurrence of LMXBs 
per unit mass of stars is ~ 100 times greater in the cores of globular 
clusters than in the field. HHB found a source within the core of 
M28, which we have observed at 30.9 and 57.5 MHz using the 
Clark Lake TPT synthesis telescope’. Our observations show that 
this source has a spectral index of —2.44. Only pulsars have 
well-documented spectra which are as steep as this. 

It has long been known that the number of radio sources near 
the positions of globular clusters is consistent with the number 
expected based on extragalactic source counts’. In their survey 
of globular clusters, HHB detected 21 radio sources within .10 
core radii of the centres of the 12 clusters that they observed; 
only one cluster, M28, contained a source within 1 core radius. 
Its 1,465-MHz flux density was 1.4 mJy, which, when combined 
with an additional VLA observation that yielded an upper limit 
of 0.38 mJy at 5,000 MHz, implied a spectral index of less than 
—1.1. 

Although the number of sources detected in their survey is 
compatible with log(N)/log(S) (log number/log flux density) 
counts, HHB estimated, based on millisecond pulsar beaming 
factors, intrinsic luminosities, and lifetimes, that approximately 
one fast pulsar would have been expected to appear in their 
survey. Thus the steep spectrum source in the core of M28, 
which we designate 1821 — 248, is potentially very interesting. 

The observations reported here were obtained during the 
period 10-15 April 1985 using the Clark Lake Radio Observa- 


tory’s TPT synthesis telescope. As it operates in the 15-125 MHz _ 


frequency range, the TPT is a unique instrument for the detection 
of continuum flux from steep spectrum sources such as 
millisecond pulsars”. 

The results of observations from three nights are shown in 
Fig. 1. Because low-frequency observations are subject to iono- 
spheric refraction, several sources from the preliminary Texas 
365-MHz survey (J. N. Douglas, personal communication) are 
indicated on the maps to verify the position of M28. All of the 
sources in the 30.9-MHz field appear in the preliminary Texas 
survey except 1821 —248 which, because of its steep spectrum, 
would be below the Texas flux density limit, and G7.7 -3.7 
which would be resolved by the Texas interferometer. 

Figure 2 shows the spectrum of 1821 — 248 between 30.9 and 
1,465 MHz; also shown are the upper limits found at 365 MHz 
from the Texas survey and the VLA upper limit at 5,000 MHz. 
The flux densities measured at Clark Lake are 16.9+45.6 Jy at 
30.9 MHz and 4.1+1.3 Jy at 57.5 MHz; they have been refer- 
enced to the flux density scale of Kuhr et alô. A least-squares 
fit to the spectrum of this source has a spectral index of —2.44. 
This is essentially the same spectral index as that of the 6 ms 
pulsar 1953 +290, which is believed to be a LMXB (ref. 7). Note 
that the Crab Nebula pulsar and the 1-ms second pulsar, 1937+ 
214, each have similar spectral indices of —2.3 to —2.5. If, in 
fact, 1821-248 is found to be a millisecond pulsar, it would 
strongly support the accretion spin-up model of binary systems 
for producing fast pulsars. Another implication is that mil- 
lisecond pulsars should generally be easier to detect in globular 
clusters than along the galactic plane because of smaller disper- 
sion measures. 
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Fig. 1 a, A 30.9-MHz map of the M28 field. The map centre is 
right ascension (RA) (1950) =18h 21 min 30s, declination (dec.) 
(1950) = ~24° 54' 00”. The beam size is 13.0 18.5 arc min and is 
shown in the box. Contour levels are 5% 15% up to 95% ‘of the 
map maximum. The locations of several sources from the Texas 
365-MHz survey are indicated for positional reference. The strong 
source to the north-west is the galactic supernova remnant G7.7 — 
3.7. b, A 57.5-MHz map of the M28 field. The field-of-view of the 
TPT increases linearly with wavelength, so this map has been scaled 
to the same angular size as a. The beam size is 7.5115 arc min 
and the contour levels are 10% 30% 50% 70% 90% of the map 
maximum, i 
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Fig.2 The flux density spectrum of 7428 derived from our 


observations and the VLA observations of HHB. The fitted line 
represents a spectrum of index —2.44. 
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The present observations confirm that 1821 — 248, the core 
source in the globular cluster M28, has a very steep spectrum. 
This makes it a prime candidate for being a fast pulsar. Because 
of their relatively low intrinsic luminosity and their very steep 
spectra, pulsars are often difficult to detect as continuum sources 
at decimetre wavelengths; they are relatively easy to detect as 
continuum sources at decametric wavelengths with an instru- 
ment such as the Clark Lake TPT. Knowledge of the unusual 
spectrum of 1821 — 248 should encourage searches for pulsations 
and interplanetary scintillations from this object. 

This work was supported by the NSF under grant AST 82- 
15463. 
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Extra-low-frequency radiation 
from the polar electrojet antenna 
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There have been many recent reports on the detection of extra-low- 
frequency (ELF) radio waves in the immediate vicinity of powerful 
ionospheric high-frequency (HF) heating transmitters which are 
amplitude modulated at the ELF frequency’. Results have also 
been presented which indicate that long path propagation 
(>3,500 km) of ELF signals from such heating facilities may be 
possible*°. However, no calibrations were provided with these 
measurements and it has thus not been possible to estimate the 
relative efficiency of these ‘wireless’ ELF generators compared 
with the more conventional long-wire antennas, although several 
theoretical estimates have been provided’”’. Results are presented 
here of the simultaneous measurement at Lycksele and Kiruna, 
northern Scandinavia, of the ELF signals radiated by the polar 
electrojet antenna located near Tromsø. From these data, it has 
been possible to confirm the successful excitation of the Earth- 
ionosphere waveguide by the polar electrojet source and to make 
a first estimate of its radiated power—this is typically 1 W in the 
frequency range 1-1.5 kHz for HF effective radiated powers of 
270 MW. 

Figure 1 shows the region of northern Scandinavia pertinent 
to this study. The heating facility is located at Ramfjord, 15 km 
south of Tromsg, and the ELF receivers used for the measure- 
ments were located at Kiruna and Lycksele, 205 and 554km 
respectively from Ramfjord. For all the data presented here, the 
heater was operated at a HF of 2.759 MHz in the x-mode with 
a maximum effective radiated power of 270 MW, with the beam 
directed vertically and the HF transmitter sine wave modulated 
at a frequency of 1.04 or 1.57 kHz. From 1730 (ut) on the 25 
September 1982 to 1211 UT on the 26 September 1982, the 
transmitter was operated for 1 min in every 20, with 1.57 kHz 
modulation. From 1408 UT on the 26 September 1982 to 1529 
UT on the 27 September 1982, the modulation frequency was 
1.04 kHz. Gaps in the data represent operator rest periods rather 
than failure to receive a signal above the noise level. 

The receiving system used synchronous detectors to measure 
the in-phase and quadrature components of the signal averaged 
over the 1-min transmission period. At Kiruna, the signals were 
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Fig. 1 Map of northern Scandinavia showing the location of the 
HF heating transmitter at Ramfjord and the ELF receiving sites 
at Kiruna and Lycksele. 


received on a 2-m vertical rod antenna. At Lycksele, the signals 
were received on both a vertical rod and a loop antenna. The 
local ELF signals were also measured at Lavangsdalen, 17 km 
from Ramfjord, using loop antennas. 

Figure 2 shows the signals received at 1.04 kHz (a-d) and 
1.57 kHz (e~g) at Lavangsdalen, Kiruna and Lycksele. The 
signals recorded at Kiruna are highly variable, ranging in 
strength from 0.3 to 30 pV m™*. As Kiruna is only 205 km from 
the signal source, it seems reasonable to assume that most of 
this variability is due to source effects. As might be expected 
from Earth-ionosphere-waveguide propagation'®, the signals 
recorded at Lycksele, 554km from the source, were much 
weaker, peaking at 10 pV m™!. However, the amplitude vari- 
ations at Kiruna and Lycksele seem to be correlated and an 
analysis shows the correlation coefficients to be 0.87 and 0.80 
at 1.04 and 1.57 kHz respectively. This high correlation between 
two completely independent, spatially separated, recording sys- 
tems shows that the ELF signals from the heating facility are 
propagating in the Earth-ionosphere waveguide and that the 
dominant mechanism for signal variability is provided by the 
source rather than the propagation medium. That the signal 
variability is provided by the source is also evident in similar 
amplitude fluctuations in the local ELF signals from 
Lavangsdalen, underneath the heated region. The Lavangsdalen 
data may also contain a slight diurnal variation due to the 
waveguide resonance effect’, especially at 1.57 kHz where a 
nocturnal enhancement may occur due to the decrease in the 
resonance frequency. 

As two recording sites were available at differing distances 
from the transmitter, it was possible, using waveguide theory'!!?, 
to determine not only the effective power radiated by the polar 
electrojet source but also the propagation constant of the Earth- 
ionosphere waveguide. The effective power radiated by the polar 
electrojet source on 1.04 and 1.57 kHz during the 2-day period 
is shown in Fig. 2d, h. The great variability of the ELF power 
radiated by the polar electrojet antenna system is evident in Fig. 
2, with ELF output powers ranging from <100 uW to >2 W. 
The upper value compares favourably with theoretical values 
of a few watts computed by Barr and Stubbe® for a constant 
ionospheric electric field of 25 mVm™'. ’ 

An attempt was made to correlate the logarithm of the ELF 
power radiated by the polar electrojet antenna with the 3-hourly 
K index recorded at Kiruna over the 2-day period of the observa- 
tions. A correlation coefficient of 0.66 was obtained, supporting 
the work of Kapustin et al.’ which suggested that ELF power 
radiated is related to magnetic activity. An attempt was also 
made to correlate the ELF electric field recorded at Kiruna with 
the d.c. electric field above Ramfjord, deduced from ‘STARE’ 
data, but these data showed no clear correlation. This is not 
surprising considering that the d.c. electric field has a dynamic 
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Fig.2 ELF signals radiated by the polar electroject antenna. a-d, 
1.04 kHz; e-h, 1.57 kHz. a, e, The horizontal r.m.s. magnetic field 
strength recorded at Lavangsdalen, underneath the source (0 dB = 
1 ft). b, f Show the vertical electric field strength recorded at Kiruna 
(0 dB = 1 Vm =3.33 fT). c, g, The vertical electric field strength 
recorded at Lycksele, evaluated from the azimuthal magnetic field 
components (0 dB=LpuV m€). The equivalent vertical electric 
_ field component was presented to assist in the comparison with 
the Kiruna electric field data. Both electric and magnetic field data | 
were recorded at Lycksele but the converted magnetic field data 
have been presented here as the magnetic field receivers had the 
lower noise value and the signals at Lycksele were weak. d, h, The 
effective power radiated by the polar electrojet antenna evaluated 
from the Kiruna and Lycksele field strength data. Where’only the 
Kiruna data were available at any time, the estimate was made 
from the Kiruna data alone. These results assume the radiation to 


be isotropic. =‘ a 


1 ta > 


range of ~20-50 mV m`! only, whereas the ELF receivers recor-’ 


ded signals varying by more than two orders of magnitude. It 
seems that a strong electrojet is a necessary but not unique 
parameter determining the strength-of ELF radiation. Interfer- 
ence effects in the ionospheric current « source? ‘or 
inhomogeneities in the ionospheric source region may sig- 
nificantly reduce output pomer even in the presence of a strong 
electrojet. j 

Figure 3a shows the phase of ELF signals recorded at Kirna. 
on 1.04 kHz. The large temporal variability of the signal phase 
is evident and highlights the dangers of using long integration 


periods when attempting to detect long-path polar electrojet 


radiation. Also plotted in Fig. 3, where data were available, is 
‘the azimuth of the STARE d.c. electric field recorded above 
Ramfjord. It is evident that. there is a significant correlation 
between the received ELF phase and the azimuth of the d.c. 
electric field and this is confirmed by the correlation coefficient 
of 0.88. Rietveld et al.’° observed clear correlations between-d.c. 
electric fields as measured by STARE and the’ local ELF signal 
recorded at Lavangsdalen during a period of enhanced micro- 
pulsation activity. . 
Figure 3b shows the phase difference, ae: between sivas 
recorded at Kiruna and Lycksele plotted on the same scale as 
the Kiruna signal phase. The marked reduction in scatter on 
this plot clearly shows that the dominant source of signal-phase 
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Fig. 3 All data presented in this figure are for a frequency of 
1.04 kHz. a, The phase of the ELF signal recorded at Kiruna (@), 
together with the azimuth of the d.c. electric field above Ramfjord 
(O), as measured by STARE. b, The phase difference, Ag, between 
the ELF signals recorded at Kiruna and Lycksele. c, The computed 
Earth-ionosphere waveguide attenuation constant evaluated from 
the Kiruna and Lycksele field strength data. 
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Fig. 4 All data presented in this figure are for a frequency of 

1.57 kHz. a, The phase of the ELF signal recorded at Kiruna; b, 

the phase difference, Ag, between the ELF signals recorded at 

Kiruna and Lycksele; c, the computed Earth-ionosphere 

waveguide attenuation constant evaluated from the Kiruna and 
Lycksele field strength data. 
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variability is provided by the ELF source mechanism and not 
by propagation effects. A slight diurnal change in the differenced 
phase data is just detectable and the 15% change in phase 
velocity required to produce it is within the range of previous 
experimental observations. 

Figure 3c shows the waveguide attenuation constant com- 
puted from the two-station propagation data. The range of values 
from 5 to 25dBMm™ is not unreasonable for daytime 
propagation'®'*-"", but the larger values of attenuation 
(>35 dB Mm‘) around 1420 UT and 1930 UT are greater than 
would be expected. However, inspection of the Kiruna 
ionosonde data shows that significant auroral precipitation was 
present during the period of these observations and this may 
have led to the high attenuation values. 

Figure 4 shows a similar data set to Fig. 3 but for 1.57 kHz. 
(Absence of radar backscatter above Tromsø from 1850 to 
0215 UT and technical reasons during the rest of the interval 
meant that no STARE electric field data were available for 
comparison with these data.) The signal phase at Kiruna again 
shows marked variability and that this is predominantly a source 
effect is evident from the reduced scatter on the Kiruna~Lycksele 
phase difference data (Ay). Unlike the 1.04-kHz data set, 
however, the 1.57-kHz attenuation constant exhibits a clear 
diurnal variation, changing from ~5dBMm™ at night to 
~40 dB Mm™ during the day. The daytime attenuation values 
from 15 to 40dB Mm‘ are within the range of previous experi- 
mental and theoretical evaluations'®'*"'’. The low values 
between 5 and 10dB Mm‘ recorded just after local midnight 
are less than might be expected for the zero order mode at 
1.57 kHz. In fact, such low attenuation values are not expected 
until after the ‘cut-on’ of the first order modes at frequencies 
above ~1.8kHz. Note that there was no significant D-region 
absorption on the Kiruna ionosonde records during these noc- 
turnal observations. 

The significant correlation between the signals recorded at 
Kiruna and Lycksele clearly shows that the polar electrojet 
antenna is an effective source in the Earth-ionosphere 
waveguide. These data slso show the marked temporal variability 
of the power of the signals emitted, with values peaking at 
around 1-2 W for frequencies between 1 and 2 kHz. With a 
power input of 1 MW this represents a power efficiency of 
~0.0001%. A long-wire antenna array based on the ‘Sanguine’ 
design would radiate 2 kW at a similar frequency with the same 
input power’*®. The parameters of the Earth-ionosphere 
waveguide derived from these two-station results are in broad 
agreement with previous data obtained using conventional ELF 
sources, 

We thank the staff of the geophysical observatories at Kiruna 
and Lycksele for assistance in housing and operating the ELF 
receivers and the Deutsche Forschungsgemeinschaft (DFG) for 
its support of the heating project. R.B. thanks the Max-Planck- 
Institut for financial support and the New Zealand Department 
of Scientific and Industrial Research for leave to allow him to 
visit the Max-Planck-Institut für Aeronomie. 
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Synthesis of silica-sodalite from 
non-aqueous systems 


D. M. Bibby & M. P. Dale* 
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The aluminosilicate sodalite has been known since antiquity’. It 
occurs naturally as the polysulphide-containing mineral lapis 
lazuli? and as a salt-bearing feldspathoid*.and has also been 
synthesized as the zeolite basic sodalite with the formula 
Na,(AI,Si;O,,)-xNaOH -(8—2x)H,O (ref. 2). The structure is 
an open framework of relatively large cages which are accessible, 
to water molecules and some ions, through relatively small windows 
of ~2.1 A free diameter. Large ions or molecules may be trapped 
in the cages during synthesis. In aluminosilicate sedalite, the cages 
contain the number of cations required to compensate for the 
lattice charge, together with varying amounts of H,O and salts 
such as NaOH and NaCl. Aluminosilicate sodalites usually have 
an Al/Si ratio of about unity although alumina analogues of 
sodalite have been synthesized? and a silica-rich sodalite (TMA 
sodalite) has been prepared from aqueous hydrothermal systems*” 
in the presence of tetramethylammonium ions. We report here a 
new method for the synthesis of sodalite, either in a silica-rich 
aluminosilicate form or in a novel pure-silica form. Our method 
of synthesis of sodalite is unusual in that the solvent system is 
essentially non-aqueous. In the absence of alumina, a new material 
is produced, namely a pure-silica form of sodalite which, following 
previously published suggestions®, we call silica-sodalite. If the 
‘solvent’ system is ethylene glycol then the unit cell composition 
approximates to Si,,0,,:2C,H,(OH),. 

Sodalite is conventionally synthesized either from alkaline 
aqueous hydrothermal solutions containing sources of active 
silica and alumina” or by a dry method, involving reaction of 
mixtures of salts and sources of silica and alumina at high 
temperature (~800 °C) (ref. 2). 

Typical starting materiais used here in the non-aqueous 
preparation of silica-sodalite comprise a solvent system (such 
as ethylene glycol, propanol), an active form of silica (such as 
fumed silica) and NaOH, with a typical reactant molar composi- 
tion of 2SiO,:3NaOH : 40Z, where Z is the solvent used. Silica- 
sodalite forms from this mixture after 15-25 days at 150 °C. The 
water generated during the reaction of NaOH with ethylene 
glycol or silica does not seem to be essential as it can be distilled 
off at the beginning of the reaction without affecting its progress. 
However, as no attempt was made to ensure an absolutely 
water-free system we cannot preclude a (catalytic) role for trace 
amounts of water. 

Incorporation into the reactant mixture of variable. amounts 
of an active form of alumina produces aluminosilicate sodalites 
with varying compositions, and substantially reduces the 
nucleation and crystallization times. However, it is possible that 
the Al is inhomogeneously distributed in this aluminosilicate 
sodalite, either as Al-rich zones in the sodalite crystals or as 
crystals with different Al contents. 

The morphology of the silica-sodalite is cubic with octahedral 
and dodecahedral modifications. If the Si concentration of the 
reactant mixture, or the Al/Si ratio, is increased, the morphology 
changes, with the octahedral and dodecahedral modifications 
becoming dominant. The silica-sodalite crystals are ~30 um 
across and uniform in size. As the Al content increases, the size 
becomes less uniform, ranging from ~5 to ~20 ym. 

Sodium ions are incorporated into the aluminosilicate sodalite 
in sufficient quantities to act as counter ions, indicating that Al 
substitutes for Si in the sodalite lattice. However, analysis of 
the silica-sodalite showed the sodium content to be essentially 
zero so that this method of synthesis does not result in occluded 
NaOH. In silica-sodalite the cages are, nevertheless, occupied. 
The observed weight loss and composition of the volatiles 
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evolved during thermogravimetric analysis/mass spectrometry’ 
of silica-sodalite prepared from ethylene glycol suggest the 
presence of an ethylene glycol molecule in each sodalite cage. 
Not all the organic carbon could be removed on calcination as 
the silica-sodalite became black, and remained so even after 
extended periods at 1,000 °C in air. 

The X-ray powder diffraction patterns of silica-sodalite, of 
our aluminosilicate sodalite and of conventionally prepared 
aluminosilicate sodalite show no significant difference. The unit- 
cell dimension of silica-sodalite, determined from the X-ray 
powder diffraction pattern, is 8.836 A, in the typical range for 
sodalites®. Silica-sodalite is, therefore, the zero-aluminium end- 
member of the aluminosilicate sodalite series. 

We have synthesized silica-sodalite from systems containing 
both ethylene glycol and propanol. Each of these molecules has 
a molecular volume similar to that of the tetramethylammonium 
ion trapped in the cages of TMA sodalite*° and to the K3* 
cluster which has been produced® in the sodalite cage. As we 
have been unsuccessful in synthesizing silica-sodalite from sys- 
tems containing a wide range of other organic liquids, we suggest 
that spatial effects are important. 

Silica-sodalite joins the group of low-density polymorphs of 
silica, such as the naturally occurring melanophlogite’, 
dodecasil-3C (ZSM-39)'*'! and other essentially zero-Al- 
content zeolite endmembers such as silicalite (ZSM-5)'**, 
silicalite-2 (ZSM-11) 1415 and ZSM-12 (ref. 16). However, unlike 
these compounds, which are rich in five-membered rings, silica- 
sodalite contains only four- and six-membered rings. The forma- 
tion of structures with four- and six-membered rings is generally 
a characteristic of high-alumina-content framework silicates 
synthesized from systems containing inorganic bases'’, while 
five-membered rings are more characteristic of high-silica sili- 


NATURE VOL 317 12 SEPTEMBER 1985 


cates (SiO,/AI,0,> 20) synthesized from systems containing 


organic bases, The formation of silica-sodalite with a structure 


containing four- and six-membered rings may be a characteristic 
of reactions in non-aqueous systems and suggests that in the 
appropriate conditions other framework aluminosilicates could 
be synthesized in the silica-rich or pure-silica form. 

Although water is an exceptional solvent, the reactions of 
silica in non-aqueous solvents are not necessarily unexpected. 
Silica will complex with many organic molecules, such as 
hydroxy- and amine-compounds'®, and so is readily solvated. 
In principle, therefore, many organic solvents are available for 
the non-aqueous synthesis of silicates. While we do not 
necessarily expect to find the range of reactions that occur in 
water, we suggest that a rich area of silicate and zeolite chemistry 
awaits further study. 
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Quantitative importance of alkalinity 
flux from the sediments of acid lakes 


R. Carignan 
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The recognition of lake acidification as an important environmental 
problem has recently stimulated the development of predictive 
models’ ~* linking strong acid loading to lake pi or alkalinity. 
Among these models, the mass balance approach” has been used 
to predict lake alkalinity from measured stream and precipitation 
chemistry and from watershed hydrology. This approach requires 
that all important positive or negative alkalinity fluxes within the 
system be considered. The diffusive loss of H* to the sediments 
and loss of HCO; from the sediments constitute potentially impor- 
tant sources of alkalinity in acid: lakes. However, the relative 
importance of these fluxes has generally been overlooked and the 
presently available information appears to be limited to a few 
studies on the generation of alkalinity in anoxic hypolimnia’*, 
The flux of alkalinity across the sediment—water interface is esti- 
mated here for one lake subject to relatively high acid deposition. 
For this lake, the estimated annual diffusive loss of alkalinity 
from the sediment to the overlying water was found to be as large 
as the combined measured acidity input from the watershed and 
from direct precipitation to the lake, thus showing the significant 
role of sediment—water interactions in the alkalinity balance of 
some acid lakes. 

Clearwater Lake (46° 22’ N-81°03’ W; area, 7.65 X10° m? 
mean depth, 8.4m; maximum depth, 22m) is located 12 km 
south-west of Sudbury, Ontario, and 13 km south of the Copper 
Cliff smelter, a major point source of simospheri sulphur 
dioxide emissions’. The epilimnion thickness usually increases 
from 9-12 min June to 14-16 m in September. Dissolved oxygen 
is never completely depleted in the hypolimnion but usually 
decreases to 2-4 parts per million (p.p.m.) in the deepest part 


(>20m) of the basin towards the end of the summer 
stratification®. Because of the regionally high bulk deposition 
of strong acids, the scarcity of soils in the watershed and the 
felsic nature of the bedrock, the pH of the surface water is 
relatively low and has varied between 4.1 and 4.6 since 1973 
(ref. 5). 

Porewater samples were obtained by in situ dialysis’® using 
a l-cm vertical resolution at four stations (designated 10m 
North, 10m South, 15m South and 20.2m Central) in late 
summer 1982 and early summer 1984. The Plexiglass dialysers 
had two vertical rows of compartments 7.0 cm long <0.65 cm 
wide x0.8 cm deep, spaced 8.3 cm apart (centre to centre) and 
covered with a Gelman HT-450 or HT-200 membrane. One row 
of compartments was used for measurements of pH, =CO, 
(ref. 8) and 2H.S (ref. 9) whereas the other was reserved for the 
determination of [S037] by ion chromatography, [Ca], [Mg], 
[Fe], [Mn] by atomic absorption, and NH} by automated 
colorimetry. The measured porewater metals were assumed to 
be in the form of the divalent cation. Representative [H*] and 
[HCO;] profiles are presented in Fig. 1. Most profiles showed 
steep negative [H*] and/or steep positive [HCO3] gradients 
within the top 0-2 cm of the sediments. The 10 m South station 
always showed atypical [H*], [Ca?*], [Mg?*], [=CO,] and 
[SO] ] profiles, apparently resulting from a downward advective 
transport of porewaters at this particular station’®. Con- 
sequently, the results from this latter station were ignored in 
subsequent calculations. The H* neutralization and HCO; pro- 
duction observed within the superficial sediments of the three 
other stations can be attributed to several possible reactions 
including the microbial reduction of Fe(111), Mn{1v), NO3 and 
SO27 (refs 4, 11), the weathering of aluminosilicates and oxi- 
des'*, and ion exchange of H* with other mobile sedimentary 
cations. In these sediments, however, the reduction of Mn(rv) 
is probably not important, as porewater [Mn**] never exceeds 
6 mol 17' in the top 10cm. Moreover, alkalinity generation 
from NO; reduction is also probably negligible since it is never 


found in concentrations exceeding 5 umol i” in the superficial 


porewaters. 
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Diffusive fluxes are usually calculated according to Fick’s first 
law, as applied to the sedimentary environment’?: 


Jesoo i 
6D, (1 


where œ is the porosity, D, is the molecular diffusion coefficient ` 


including the effect of sediment tortuosity, and dC/dx is the 
concentration gradient. In the following flux calculations I have 
assumed @=1 and D,=D, (the molecular coefficient of 
diffusion in water). Both assumptions are justified here by the 
high porosities (>0.96) measured in the top 3cm of these 
sediments. Below pH 6.5, the alkalinity of most natural fresh- 
waters can expressed as 


ALK =[HCO;]+[HS~]-[H*] (2) 


In the anoxic porewaters of Clearwater Lake, [HS7] rarely 
exceeds 5jmol 17! and is always negligible compared with 
[HCO;]—[H"] (ref. 10). Therefore, the flux of alkalinity across 
the sediment-water interface can be approximated as: 
- + 
d[HCO3] © pi d[H 2) (3) 
dx dx 

Furthermore, the diffusion of ions can be significantly enhanced 
or reduced by the presence of the electrical potential gradient 
generated when ions of different chemical mobilities are co- 
diffusing. This coupling effect was calculated for each species 
according to Lasaga’*, assuming no significant ion pairing. 

Table 1 shows the observed concentration gradients and the 
resulting H*, Fe**, Ca**, Mg**, NHZ, HCO} and SOF fluxes, 
calculated on an annual basis. The coupling effect on the fluxes 
of H*, HCO, NH{ and Fe’* was relatively small (—8 to +5% 
of the calculated fluxes without coupling), but important for 
SO% (10-100% ). The average gross alkalinity flux (Juco; ~ Sut) 
is thus estimated to be ~0.723 equiv m`? yr7’. However, this 
flux must be corrected for the H* production resulting from the 
oxidation of the upwardly diffusing [Fe**]: 


Fe** +1/40,+5/2 H-O > Fe(OH), +2H* (4) 


Because NH; and NO37 do not accumulate in the overlying 
water of this lake”, the H* production resulting from the biologi- 
cal uptake of the diffusing NH} must also be subtracted from 
the gross alkalinity flux. The calculated net alkalinity fluxes thus 
ranged between —0.080 and —0.440 equiv. m? yr™', with an 
average of —0.207 equiv m`? yr~'. Because of limited replication 
and large horizontal variability, no obvious depth or seasonal 


Jaik = Jcoz —Ju4y = -4( DEC 


LETTERS TO NATURE ——————————— 9 


ts H°’ (pmol 17") 





Depth (cm) — 


20.2 M 
Central 





goo !5 200 400 600 
HCO3 (umol 17') 
Fig. 1 Porewater profiles of [H*] (@) and [HCO3] (O) obtained 


on June 21 1984 at four stations in Clearwater Lake. The dashed 
lines represent the sediment-water interface. 
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trend could be detected. The net alkalinity flux was similar to 
the mean H* flux (—0.233 equiv. m~? yr~') alone, indicating that 
most of the alkalinity flux due to HCO}Z (—0.490 equiv. m~? 
yr‘) was offset by an equivalent Fe?" flux (—0.412 equiv. m~? 
yr™'). Such a result is expected because Fe?* and HCO; are 
the two major ions in the anoxic porewaters of this lake and 
must co-diffuse towards the interface. Note that the fluxes of 
Ca and Mg across the sediment-water are negligible relative to 
H* or HCO3, indicating that ion exchange and weathering 
reactions are unimportant H* sinks in these sediments. 


Table 1 Measured concentration gradients of Ht, Fe2*, Ca2*, Mp2*, NHI, HCO} and SO2> between 0 and 1 cm in the porewaters of three 
stations in Clearwater Lake 


d[{H*] | d[{Fe?*] d[Ca?*] d{Mg**] d[NH7] d[HCO3] d[SO27] 
Temperature dx dx dx dx dx dx 

Station CG) .. (umol em™ cm!) 
10mN 13.0 ~0.0167 0.197 -0 013 0.008 0.012 0.330 —0.027 
21 June ’84 (0.0084) (0.099) (0.127) (0.047) (0.006) (0.168) (0.157) 
10mN 13.0 ~0 0124 0.339 0.005 ~0.002 . 0.018 0.364 —0.065 
21 June 84 (0.0100) (0.170) (0.135) (0.046) (0.010) (0 191) (0.166) 
15mS 11.3 ~0.0189 0031 0.005 0 000 0017 0.097 —0.014 
21 June *84 (0 0104) (0.016) (0.130) (0.049) (0.019) (0.054) (0.174) 
15ms 113 0.0117 0.057 —0.003 0 002 0.020 0.044 —0.018 
21 June °84 (0.0080) (0 041) (0 130) (0.047) (0.020) (0.030) (0.176) 
ismS 15.1 ~0 0112 0.050 —0 002 0 002 0.015 0.019 —0.023 
21 September ’82 (0.0060) (0.028) (0.143) (0 056) (0.027) (0.010) (0.194) 
20.2mC 10.9 -0.0085 0.060 —0 020 ~0.004 =e 0.048 —0.020 
21 June ’84 (0.0055) (0.031) (0.118) (0.047) = (0.031) (0.163) 
20.2mC 10.9 --0 0116 0.140 —0.018 ~0 006 0.023 0.150 —0.036 
21 June °84 (0.0065) (0.070) (0.123) (0.048) (0.013) (0.081) (0.159) 
20.2mC 11.9 -—0 0002 0.192 0.010 0.00 0.067 0 410 —0.037 
21 September ’82 (0.0003) (0 352) (0.144) (0.058) (0.088) (0.675) (0.112) 
J (mol m° yr’) 7 0.233 —0 206 —0.003 —0.001 —0.104 
£5.€. 0 040 0.057 0011 0 004 0.028 0.138 0.018 


Mean concentrations between 0 and 1 cm, assuming constant gradients within the same depth interval, are shown in parentheses. [HCO3 ] was 
calculated from [ZCO,] and the first dissociation constant of HCO, (ref. 12), at ın situ temperature. The calculated mean fluxes (J) and s.e m. 
are shown in the last two rows. Self-diffusion coefficients were taken from Li and Gregory’’ and corrected for in situ temperature". 
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Equation (3) does not take into consideration possible random 
transport mechanisms of porewater fluids such as benthic irriga- 
tion or gas ebullition. Although gas bubble formation does not 
occur in the sediments of this lake, the sediment surface was 
colonized by about 100-400 tube-forming invertebrates per m? 
at all stations (visual inspection by scuba). Moreover, the con- 
centration gradients may have been underestimated because of 
the limited vertical resolution (1 cm) of the sampling equipment. 
The above fluxes should therefore be considered as minimum 
estimates of the true fluxes. 

An estimate of the whole lake alkalinity flux to the sediments 
can be obtained by multiplying the mean flux for the three 
stations by the total sediment area of the lake. A visual inspection 
of the littoral of Clearwater Lake revealed that little sediment 
accumulation occurs above a depth of about 5 m, giving a total 
sediment area of 4.98 x 10° m? for this lake. If the mean alkalinity 
flux found for the 10-20.2-m deep sediments (60% of the total 
sediment area) is assumed to be also representative of the 5~9-m 
sediments, a whole lake flux value of —0.99 x10° equiv. yr! 
(+0.99 x 10° equiv. yr™' when the lake water is chosen as the 
frame of reference) is obtained. Winter fluxes could be lower 
because the rates of microbial Fe(111) and SO2” reduction are 
expected to be temperature dependent. Mean sediment tem- 
peratures vary from 9 to 16°C between June and September, 
and are probably 5-10°C lower in winter. However, in the 
absence of empirical data on composite diffusivities 
(molecular + benthic irrigation) at the interface and on the tem- 
perature dependence of alkalinity fluxes for this lake, we may 
conclude that the minimum estimate of the annual alkalinity 
flux from the sediment to the lake probably lies between 0.5 
and 210° equiv. yr7). 

The importance of this flux in the annual alkalinity budget 
of Clearwater Lake can be appreciated when it is compared 
with its alkalinity inputs from the watershed and direct precipita- 
tion. The average measured"* alkalinity input from the watershed 
and precipitation to the lake was —0.86 10° equiv. yr™’ for the 
period June 1978 to May 1979. Dillon and Scheider'* concluded 
that this value compared favourably with the theoretical input 
(—0.73 X10° equiv. yr) required to maintain an average 
observed alkalinity of —50 u equiv. 17’ in this lake. However, 
this estimate does not take into consideration the possibly impor- 
tant negative alkalinity contribution caused by direct SO, depo- 
sition on the lake. The direct deposition of SO27 precursors to 
the lake has been estimated!" to be 0.156 equiv. m? yr? 
(1.19 equiv. yr~' for the whole lake). As this SO? appears to 
originate from SO, oxidation’*, an additional alkalinity input 
of —1.19 x10° equiv. yr™! must be added to the above 0.86 x 
10° equiv. yr” value to give a total alkalinity input of 
—2.05 equiv. yr™' to the lake. As a result, the estimated total 
alkalinity input cannot be reconciled with the theoretical input 
of 0.73 X10° equiv. yr“ unless an unaccounted for internal 
alkalinity source is invoked. From mass balance considerations, 
the size of this internal input should be of the order of +1.3 x 
10° equiv. yr~’ and is consistent with the estimated alkalinity 
flux from the sediment (0.5-2 10° equiv. yr’). This clearly 
shows the necessity for taking sediment-water interactions into 
consideration when modelling the alkalinity dynamics of some 
acid lakes. The intensity of the [H*] and/or [HCO3] gradients 
across the sediment-water interface, and the importance of the 
resulting fluxes will depend both on the [H*] in the overlying 
waters and on the presence of an efficient H” sink and/or HCO; 
source located close to the interface. Fe(111) reduction, combined 
with SOZ” reduction and the permanent immobilization of the 
resulting Fe’* as FeS according to the reaction: 


4Fe(OH);+4S04 +9CH,0+8H"* > 4FeS+9CO,+19H,O (5) 


probably constitutes an important H* sink/ HCO source in the 
sediments of Clearwater Lake. The importance of such a reaction 
in these sediments is supported by the abundance (2-5%) of 
Fe(111) at the sediment surface’®, by the presence of a pronoun- 
ced SO] flux at the interface (Table 1), by the formation of 
FeS 1-4 cm below the interface!’ and by the observed agreement 
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between the calculated net alkalinity and SO% fluxes (Table 1) 
and the stoichiometry of equation (5). This shows the necessity 
for considering both SO3” and Fe(111) reduction simultaneously 
when studying the transfer of alkalinity from anoxic sediments 
to oxic waters. A recent estimate (P. J. Dillon, personal com- 
munication) of Fe retention by the lake suggests that only 25% 
of the Fe required from. equation (5) .is deposited annually in 
its sediments. This may indicate that Fe(111) is presently being 
reduced and buried faster than it is supplied to the sediments, 
and/or that other sulphide immobilization mechanisms are 
operative in the surficial sediments. Note that the estimated 
SOJ flux to the sediments of this lake represents only 5-15% 
of the total load to the lake. Although important in terms of 
alkalinity generation ın acid lakes, this relatively small SOZ” 
sink may not be easily detectable from whole lake SO2~ budgets. 

According to equation (5), the alkalinity flux from the sedi- 
ments to the oxic waters of acid lakes should be expected to 
increase with increasing supply of any of the components on 
the left side of the equation, provided that the three others are 
not limiting. In Clearwater Lake, the complete depletion of SO7_ 
observed within the first 4-6 cm of the sediments’® suggests that 
equation (5) is presently SO2~ limited. These results indicate 
that acid lakes may recover faster than previously thought from 
recently proposed reductions in SO, emissions and emphasize 
the need for further studies on sulphur retention and diagenesis 
in these lakes. 

This study was partially supported by a NSERC University 
Research Fellowship. I thank P. J. Dillon, P. G. Campbell and 
A. Tessier for critical reading of the manuscript. 
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The D/H ratio of non-exchangeable hydrogen atoms in tree rings 
is a reliable record of the stable isotope ratio of source water used 
by a given tree during its growth’. Depending on the site of 
growth, this source water has been shown to be the summer rains 
or groundwater or both”. Because the isotope ratio of any of 
these source waters is influenced by climate, tree ring isotope data 
provide a fine climatic signature in most cases. However, isotope 
dendroclimate studies so far have been focused mainly in North 
America**”?° and to a lesser degree in Europe. We report here 
analysis of a record spanning 145 yr from a tree, Juniperus procera, 
from Kenya in East Africa. The D/H ratio correlates reasonably 
well with the recorded levels of the adjacent Lake Victoria and 


NATURE VOL 317 12 SEPTEMBER 1985 


brings out interesting palaeoclimatic inferences from a region for 
which very little such data are available. Significantly, the rela- 
tively severe arid conditions around 1920s and the record rainfall 
around 1961 are reflected in the tree ring isotope ratio. This 
suggests that such tree ring isotope records could be used in the 
palaeoclimatic reconstruction of this area and could be applied to 
tropical environments. 

The tree was sampled in 1979 and comes from the Mau Narok 
forest (0°40 S, 36° E) at an altitude of 2,700 m. The D/H ratio 
of cellulose nitrate, which represents the non-exchangeable 
hydrogen atoms, prepared from 5-yr increments of the raw wood 
was measured according to standard procedures*''. The 8D 
values of the rings are plotted as a function of time in Fig. 1a. 
5D =[(D/H) sampie/ (D/H) smow ~ 1] x10’, where SMOW is the 
standard mean ocean water. The overall analytical precision for 
D/H measurements is +2%. 

The 6D values are generally higher than that reported for 
North American and other mid- and high-latitude tree ring 
samples. This arises from the fact that the 6D in precipitation 
itself is higher in equatorial regions compared with that in mid 
' and high latitudes, the so-called “latitude effect”!?. Of particular 
interest are the dD values of our samples covering the period 
1918-33, which are among the highest found for higher plants. 

Previous studies’, based on the analysis of much plant material 
belonging to more than 20 different species of terrestrial and 
aquatic types, have established the relationship to be approxi- 
mately 5D yaer = ô Doei nu t 22, for the source water used by the 
plant. Using this relationship for the tree ring ôD of the above 
period, the inferred 5D values for the soil water of corresponding 
years turn out to be near +30%. Such high D/H ratios are 
reasonable for the region Judging by previous work on modern 
East African meteoric and lake waters. For example, Cerling et 
al.’° found the &D of water from Olduvai Gorge and Lake 
Turkana to range from +49 to +264 with respect to SMOW 
and that of Lakes Turkana and Ndutu to be +37.1 and +41.7% 
with respect to SMOW, respectively. Craig'* also observed 
unusually heavy values for East African lake waters. 

Also shown in Fig. 1b are the recorded annual variations in 
the level of Lake Victoria for the period 1899-1974 (ref. 15). 
Lake Victoria, extending to 70,000 km’ is the largest water body, 
~150km west of the sample location and also the most com- 
monly used climatic indicator of all East African lakes'®. 
Because a high proportion of water feeding this lake is derived 
from direct precipitation over its catchment area, the fluctuations 
in the levels of the lake have been found to respond sensitively 
to changes in monthly rainfall. Earlier studies have even 
attempted to find a correlation between sunspot numbers and 
the levels of Lake Victoria. According to Butzer'’, the fluctu- 
ations in the levels of Lake Victoria over the last century have 
been a direct response to secular trends of equatorial rains over 
the Victoria catchment, between latitudes 2° N and 3°S. 

In correlating the 6D values of the tree rings and the Victoria 
lake levels, it is important to consider that the tree 6D values 
represent 5-yr averages, whereas the Lake Victoria data are 
based on monthly readings. Consequently, there might be vari- 
ations in the lake levels not apparent in the isotope data. Also, 
the dating of our tree samples depends on the recognition of 
double rings or missing rings. This is difficult to do in view of 
the narrow widths of some of the rings, which were as little as 
0.5 mm. Taking into account such possible errors in dating the 
tree rings, there is a generally good correlation between the two 
records. This inverse correlation, higher strands being marked 
by lower ôD for the tree rings of corresponding period and vice 
versa, is most noticeable around 1959-63 and 1919-23. The 
period around 1959-63, as shown by our relatively lower 5D 
values and the elevated Lake Victoria levels, represent one of 
heavy rainfall in the region. Independent metereological data 
do indicate unusually heavy rains in Kenya in 1961 almost three 
times the average received during earlier corresponding peri- 
ods'*, The period from 1919 to 1923 coincides with the lowest 
level registered by Lake Victoria in its recorded history, and 
seems to be one of very sparse rainfall. In fact, as indicated by 
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Fig. 1 a, The ôD record of the isotopically non-exchangeable 
hydrogen of cellulose in 5-yr segments covering the time span 
AD 1834-1979 of a Juniperus procera from Kenya, East Africa 
b, Variations of the level of Lake Victoria for the period AD 
1899-1974 based on gauge readings at Jinja (see ref. 15) 


the relatively higher 5D values, arid conditions have persisted 
in varying degrees since the 1920s. Although recorded climatic 
information of any other type for this time period 1s absent, it 
is interesting that visitors to Kenya in the early 1930s mentioned 
severe droughts”. On a broader scale, using spatial differences 
of average pressure levels, Lamb’* has suggested that the decades 
between about 1900 and 1953 were the time of strongest general 
circulation leading to an increased size of the tropical anticyc- 
lones and resulting ın aridity in the tropical and equatorial 
zones. That the period since 1968 has been more drought-like 
in many parts of upper Africa, especially the Sahel zone, is 
corroborated by recent studies”’. 

Our tree ring isotope record permits us to draw inferences on 
the Lake Victoria’s levels before 1899, when gauge readings 
began to be made. Obviously, there have been oscillations more 
pronounced than those during its recorded period, except again 
for the steep rise in the 1960s Significantly, in the 1830s the 
lake level might have been substantially higher It would be 
interesting to see whether this improved condition corresponded 
to the world-wide culmination of the Little Ice Age’. 

Finally, a striking pattern that is evident while looking at the 
145-year record of 6D values is the definite trend towards 
increasing aridity in the region, punctuated only by an 
anomalously wetter regime in early 1960. Whether the beginning 
of this century marked the onset of severe desertification in the 
region is speculative, given our preliminary studies, but more 
work is clearly warranted The present study has illustrated the 
potential of tree ring 5D as a sensitive palaeoclimatic indicator 
in an equatorial situation and future work can reveal not only 
long and short periodicites in regional climatic regimes, but 
allow important phenomenon such as monsoon systems, associ- 
ated with equatorial belts, to be modelled more rigorously. 

This research was supported by grant NSF ATM 80/8830 
which is gratefully acknowledged. This work was made possible 
by T. E. Cerling who provided the samples. We also thank 
Joseph Ruth and Eleanor Dent for technical assistance. Contri- 
bution no. 4024 publications of the Division of Geological and 
Planetary Sciences, California Institute of Technology. 
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Optic axons can be induced to form permanent, retinotopic connec- 
tions in the auditory (medial geniculate, MG) and somatosensory 
(ventrobasal, VB) nuclei of the Syrian hamster thalamus; this 
occurs when the principal targets of retinofugal axons are ablated 
in newborn hamsters and alternative terminal space is created by 
partial deafferentation of MG or VB'*. The experimentally 
induced retinal projection to the somatosensory nucleus occurs by 
the stabilization of an early, normally transient projection* *. The 
present study was undertaken to determine whether the anomalous, 
stabilized retino-VB projection is functional. Newborn hamsters 
were operated on to produce permanent retino-VB projections and 
when the animals were mature, neurophysiological recordings were 
made in the cortical targets of VB, the first and second 
somatosensory cortices (SI and SIE, respectively). Visual stimula- 
tion within well-defined receptive fields reliably evoked multi-unit 
responses in SI and SII of operated, but not normal hamsters. The 
representations of the visual field in SI and SII showed a partially 
retinotopic organization. These results demonstrate that optic tract 
axons can form functional synapses in the thalamic somatosensory 
nucleus, and suggest that neural structures which normally process 
information specific to one sensory modality have the potential to 
mediate function for other modalities. 

Ablations of two of the principal targets of retinofugal axons 
were made in newborn hamsters anaesthetized by hypothermia: 


Fig. 1 Distributions of RF size. a, Areas of 69 w 
RFs recorded from 26 penetrations in area 17 95 
of four normal hamsters. Recording techniques 
were identical to those used in SI and SII of 
operated hamsters. b, Areas of 93 zones of 10 
maximum response from RFs recorded ın SI or 
SII in 15 operated hamsters (Op max); 
included are 55 RFs with a single zone of 
maximum response and 19 RFs with two zones 
of maximum response. The data from the two 15 
types of RF were pooled, since a Student’s t-test 10 
showed no significant difference (P> 0.6) 
between the areas of their maximum response 
zones Inset shows a typical, multi-unit, visually 
evoked response in SII of an adult hamster 
operated on at birth to produce permanent 
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bilateral heat lesions were made in the superior colliculus (SC). 
The dorsal lateral geniculate nucleus (LGd) was ablated uni- 
laterally by making a heat lesion of the ipsilateral occipital 
cortex (because of the cortical lesion, the LGd undergoes rapid, 
retrograde degeneration®). The ascending somatosensory 
afferents to the ipsilateral VB were cut by midbrain hemisection 
at a mid-SC level; this surgery produces permanent retinal 
projections to the deafferented VB'*. Multi-unit recordings were 
made from the cortical targets of VB, namely SI and SII, in 2 
normal’ control hamsters and 15 operated hamsters, all at least 
2.5 months old. As in both normal and operated hamsters 
retinofugal axons terminate only in the diencephalon or 
mesencephalon ">57, the strategy of recording in the cortex 
ensures that the recordings are from cortical axons of VB 
neurones or from cortical neurones, that is, posteynapuc to 
retinofugal axons. 

We: recorded clear, visually evoked, multi-unit responses 
(inset, Fig. 1) in SI or SII of all 15 operated hamsters (66 of 82 
radially oriented penetrations). Visual responses were strongest 
and most frequent at 400-600 um and at 800-1,000 um below 
the cortical surface. These depths correspond to the bimodal 
distribution of thalamocortical afferents originating in VB in 
normal adult mice® and in adult hamsters with abnormal retino- 
VB projections’. Visual responses in SI and SII varied in 
strength, and were occasionally comparable to those recorded 
in primary visual cortex (area 17) in normal hamsters. By con- 
trast, we were unable to record any visually evoked responses 
in 27 radial penetrations in the somatosensory cortices of normal 
hamsters, although gentle mechanical stimulation of the 
vibrissae or body surface evoked brisk responses. 

Most of the multi-unit visual receptive fields (RFs) ın SI and 
SII had a single, clearly defined zone of maximal response, 
although some had two such zones (Figs 2a,b). The mean area 
of the zones of maximal response in SI and SII (556.9 deg’, Fig. 
1b) is about 4.1 times the mean size of visual RFs recorded by 
others’ and by us in area 17 of four normal hamsters (Fig. 1a); 
this. difference in RF size is highly significant (Student’s t-test, 
P< 0.005). There was no systematic variation in the area of the 
maximal response zones with RF eccentricity in the visual field. 
The zones of maximal response were sometimes adjoined by a 
zone of weaker response and in the case of RFs with two zones 
of maximal response, a zone of weaker response usually linked 
them to form an elongated RF (Fig. 2b). 


* Present address Laboratoire des Neurosciences de la Vision, Université Pierre et Marte 
Cune—Pans VI, 4 place Jussieu, Batiment C, 75230 Pans Cedex, France 
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stimulus onset; latency of response (arrow) was 160 ms. Horizontal calibration bar, 60 ms; vertical calibration bar, 30 pV. 

Methods. 12 h before recording hamsters were given dexamethosone (0.8 mg intraperitoneal, i.p ). For the recording they were anaesthetized 
with urethane (210 mg per 100g i.p.) administered in 3-4 doses over 1.5-2h. Additional drugs administered included atropine (0.1 mg 
subcutaneous, s.c.) and dexamethasone (0.8 mg s.c.). Body temperature was maintained at 37°C using a thermostatically controlled heating 
pad. Dextrose (5%) in Ringer's (1.0 mlh7') was administered via a cannula in the femoral vein. In some experiments, the hamsters were 
paralysed with Flaxedil (20 mg per kg intravenous (1.v ) loading dose, 35 mg per kg h™', by i.v. infusion) and artificially ventilated The pupils 
were dilated with atropine and the cornea protected from drying by non-refractive contact lenses. Visual stimuli were diffuse, stroboscopic 
flashes, or moving or stationary bars and spots of light back-projected onto a translucent, hemispheric dome centred on the optic disk of the 
eye contralateral to the recording site. Tungsten microelectrodes with large (30-40 um long, 2-3 um diameter, 09 MO impedance at 1 kHz), 
uninsulated tips were lowered through the intact dura and into the parietal cortex 1n a plane perpendicular to the cortical surface. The parietal 


cortex was then systematically explored for visually responsive regions 
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Fig. 2 Multi-unit visual RFs recorded in SI and SH from two 
adult hamsters operated on day 0 to produce retino-VB projections. 
RFs were mapped using bars and spots of light projected onto the 
dome (see Fig. 1 legend). Intersection of the horizontal and vertical 
axes indicates the projection of the optic disk onto the dome; S, 
N, I and T represent, respectively, the superior, nasal, inferior and 
temporal poles of the visual field. The numbers 30 and 60 indicate 
degrees of eccentricity in the polar coordinate system. a-d, Hamster 
72-5; e-f, hamster 69-1. a, RFs with a single zone of maximum 
responsiveness; only the first RF encountered in each penetration 
is shown, since as in normal hamster visual cortex, RF position 
varies somewhat along a vertical electrode penetration. b, RFs with 
two zones of maximum responsiveness (solid outlines) connected 
by a zone of weaker responsiveness (dotted outlines); correspond- 
ing numbers indicate parts of the same RF. In a and b, for 
simplicity, RFs are not shown for every penetration. RF 9a in a 
was recorded in the same penetration as RF 9 in b, but more 
superficially. c, The positions of RF centres for three medial-to- 
lateral rows of electrode penetrations in SI (8-4-5, 9-10-11 and 
13-14-15) and one posterior-to-anterior row in SH (3-7). RFs of 
penetrations in the same row are connected. The RFs recorded in 
penetrations 12 and 16 are not connected to the others as those 
` penetrations were right on the SI/SII border, and are not certain 
to be part of the SI map. For clarity, the part of the visual field 
containing RFs is magnified, while the rest is not shown; other 
conventions as in a, b. d, Positions of all electrode penetrations 
in the parietal cortex of case 72-5; all but 2 and 6 yielded clear 
visual RFs. Heavy lines indicate the polarities of the inferior 
(1)-superior (S) visual axis representations in SI and SH. Broken 
line indicates the SI/SII border. Scale bars, 0.5mm. P and VL 


-< indicate the posterior and ventrolateral directions respectively. e, 


parietal cortex of case 69-1. Heavy line indicates the polarity of 
the inferotemporal (IT)-superonasal (SN) visual axis representa- 
tion in SI. Scale bars and axes as for d. 
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The visual RFs in the somatosensory cortices were preferen- 
tially distributed in the lower visual field (Fig. 2); this is con- 
sistent with anatomical data showing that the representation of _ 
the retina within VB is often incomplete, with the upper retina 
being preferentially represented’. In seven cases, we mapped ~ 
the visual field representations in SI or SII to assess the extent 
of retinotopic order. In SI and SH the lower-to-upper (or lower _ 
temporal-to-upper nasal) visual axis was represented along the 
medial-to-lateral and posterior-to-anterior directions, respec- _ 
tively (Fig. 2c-f). The visual field representations in SI and SII 
are oriented with respect to each other in the same way as are 
the normal somatic representations in SI and SII'*"". There was 
no obvious representation of the temporal-to-nasal (or upper 
temporal-to-lower nasal) axis in SI or SII. (The orderly cortical 
representation of only one visual field axis and the existence of 
elongated cortical RFs are both probably the result of the way. 
in which the visual field' and body’* maps in VB intersect: 
retinal afferents representing single points in the visual field are 
distributed along narrow cylinders of tissue in VB, with adjacent 
points represented along adjacent cylinders’. The somatic map 
in VB consists of a complex, curvilinear array of “isorepresenta- 
tion lines’, each representing a single body part and projecting. 
beneath a restricted locus of the somatosensory cortical sur- 
face'*. The isorepresentation lines are oriented in such a way 
that many are cut by multiple, adjoining cylinders representing 
a sequence of points in the visual field. When afferents driven 
from a sequence of visual points converge on a single 





isorepresentation line, the RF recorded at the corresponding i. 


cortical locus is elongated along that visual axis whose VB 
representation is parallel to the isorepresentation line. The pref- 
erential orientation of the isorepresentation lines parallel to one 
axis of the visual field map in VB could also prevent the orderly 
representation of that axis in the cortex.) 

Subsequent to neonatal midbrain hemisections, ascending 
somatosensory afferents grow rostral to the level of the cut and 
invade VB despite the presence of the abnormal retino-VB 
projection (D.O.F., unpublished results). Consistent with this 
observation, in 60 of 82 penetrations in SI and SII of operated 
hamsters, we recorded multi-unit responses evoked by 
somatosensory stimuli. In 48 of the 60 penetrations, both 


somatosensory and visual responses were recorded. The  __ 
somatosensory responses were often recorded at the same sites = 


as visual ones, or within 60-100 um of sites where purely visual 
responses were recorded. In some operated hamsters we deter- 
mined the polarity of the somatic representations; these corre- 
sponded to the polarities of the normal somatic maps in SI or 
SI>}, As the recording sites were localized in SI or SH, 
respectively, by histology (see below), the somatotopic organiz- 
ation of the regrown somatosensory projection to VB must be 
approximately normal. Where both visual and somatosensory 
responses were recorded, the somatosensory RF almost always 
constituted one or more mystacial vibrissae or was on the head, 
neck, shoulders. of upper body. This is consistent with the 


observation that the retino-VB projection is located principally — : a 
on the lateral aspect of VB‘, which receives input from these 


regions’. E 

The sites from which we recorded visually evoked responses 
are attributed to SI and SII on the basis of two independent 
criteria. First, 28 sites were marked with electrolytic lesions 
made through the recording electrode (Fig. 3). Subsequent histo- 
logical examination revealed that by cytoarchitectonic criteria“, 
these recording sites, as well as others, were in SI or SH. Second, 
the visual responses were recorded within regions whose somatic __ 
representation had the polarity characteristic of SI or SIL 
Although there are cortical regions from which both 
somatosensory and visual responses can be recorded in normal 
rodents, these regions are caudal to the sites from which we 
recorded in the hamster'>, have a different cytoarchitecture'*, 
receive their thalamic input from a different, normally multi- 
modal region of the thalamus'®, and unlike SI and SII, do not 
contain an orderly representation of the body’. 

A long-held tenet of sensory system organization is that in 

















= se ~ 
_ av 
: ta 4 à 


Fig.3 Lesion at recording site of the RF from penetration 12 that 
is illustrated in Fig. 2b. Roman numerals on the left denote cortical 
layers. The asterisk at the cortical surface indicates the SI/SII 
border, as determined by the criteria of Caviness'*: in SII there is 
an overall reduction in cell packing density compared with SI, and 
the granule cells of layer IV in SII are more widely spaced and 
globular than in SI. The lesion is located in layer Vb at the SI/SII 
border. The arrow indicates the lesion; the arrowhead indicates 
the electrode track; V, blood vessel. Calibration bar, 500 um. 
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adult animals, the primary ascending pathways for the various 
sensory modalities are segregated in modality-specific, multisy- 
naptic ‘labelled lines’. However, several instances are now 
known in which different functional systems are transiently 
connected early in development*'*-**. When normally transient 
optic axons in the main thalamic somatosensory nucleus are 
experimentally stabilized, they form electron microscopically 
identifiable synaptic connections there**; the stabilized projec- 
tion also transports intraocularly injected proline via VB to the 
somatosensory cortex*. Here we have shown these connections 
to be functional in that neurones of the somatosensory nucleus 
can be activated by visual stimuli within well-defined receptive 
fields. Thus, neurones from different sensory systems that are 
normally not connected in adult animals, are capable of forming 
functional connections in appropriate conditions. The normal 
elimination of transient inter-system connections must be 
explained on some basis other than a fundamental incompatibil- 
ity of the sets of neurones concerned. 

The neuronal circuits of the various sensory systems share 
many morphological and functional features*’. This fact and 
the existence of clear multi-unit visual RFs in the somatosensory 
cortices of operated hamsters suggest that some of the sensory 
systems may have enough in common to allow them to process 
inputs from a modality other than that which they normally 
mediate. In particular, when supplied with visual input, the 
circuitry of VB and the somatosensory cortex may permit 
neurones in these regions to elaborate visual RFs similar to 
those found in the normal hamster LGd and visual cortex, 
respectively. We are presently exploring this possibility by means 
of neurophysiological studies of single visual neurones in VB, 
SI and SII. Behavioural data confirm the functional competence 
of other anomalous olfactory”® and visual” projections in ham- 
sters. Thus, the abnormal visual projections to the somatosensory 
system may be able to mediate some aspects of visual perception. 

This research was supported by NIH grant RO1-EY03465 and 
Basil O'Connor Starter grant 5-417 from the March of Dimes 
Birth Defects Foundation. C.M. received travel funds from the 
Fondation pour la Recherche Medicale. 
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Studies on erythrocytes have shown that the formation of the 
membrane attack complex on a cell surface inevitably results in 
lysis. However, it is known that nucleated cells are much more 
difficult to kill with complement'™, although the molecular basis 
of this resistance has never been established. We have shown that 
a very early intracellular event, occurring within seconds of forma- 
tion of the attack complex in the membrane, is a rise in cytoplasmic 
Ca?* (ref. 4), which can activate cell responses without cell death*”. 
Here we report the use of a monoclonal antibody to the terminal 
complement component C9 (refs 7, 8, 13), quantified by '**I and 
visualized by fluorescein, to demonstrate a protection mechanism 
in polymorphonuclear leukocytes (PMNs) attacked by comple- 
ment, involving removal of the attack complex by vesiculation. 
Concomitantly, there is a Ca**-dependent activation of reactive 
oxygen metabolite production without cell lysis. These findings 
have important implications in the evolutionary and pathological 
significance of the terminal components of the complement 
pathway. 

Two experimental approaches were adopted to establish the 
existence of a protection mechanism in PMNs attacked by 
complement. First, the fate of the membrane attack complex 
(C5b6789,,) was investigated using '**I-labelled or fluorescein- 
labelled monoclonal antibody against C9 (Figs 1-3). Second, 
the ability of the membrane attack complex to activate cells in 
the absence of cell lysis was established by observing its effect 
on reactive oxygen metabolite production in PMNs (Fig. 4), a 
response known to be activated by an increase in intracellular 
Ca** (refs 9 and 26). It was therefore necessary first to form 
stable cell intermediates bearing sub-lytic amounts of the attack 
complex (sub-lytic PAC 1-9). 

Polymorphonuclear leukocytes, sensitized with a rabbit anti- 
PMN antibody, were first incubated for 10 min at 37°C with 
human serum depleted specifically of C9 (NHS-C9) using a 
solid-phase monoclonal antibody to C9 (ref. 8) at a dilution 
which, in the presence of C9, caused <10% end-point lysis 
(detected using trypan blue exclusion and lactate dehydrogenase 
release). These PAC1-8 intermediates were then incubated at 
0°C with C9 (10 ug1~™'; 140 nM). The PAC1-9 intermediates 
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Fig. 1 Removal of the membrane attack complex from polymor- 
phonuclear leukocytes. Rat PMNs sensitized with antibody were 
incubated for 15min at 37°C with human serum depleted 
specifically of C9 at a dilution (1:25 in Krebs HEPES, pH 7.4) 
which in the presence of C9 caused ~10% end-point lysis. The 
PAC1-8 intermediates thus formed were washed, resuspended to 
a cell concentration of 10’ per ml and incubated with pure C9 
(10 ug mi~’, 140 nM) at 0°C for 10min. The sub-lytic PACI-9 
intermediates thus formed were washed and stored at 0°C. Sub- 
lytic PAC1-9 (107 cells ml~') were placed at 37°C and 250-pl 
aliquots (2.5 10° cells) removed at defined time intervals and 
immediately placed on ice. Radiolabelled monoclonal antibody 
against C9 (MC47, 5x 10* d.p.m. '251) was added and the cells 
incubated at 0°C for a further 10 min. The radioactivity in the 
washed cell pellet was then measured. Results are expressed as 
percentage of radiolabelled antibody bound at time 0 (no incuba- 
tion at 37°C) and are the means of two observations. Cell death 
was estimated by measuring lactate dehydrogenase release and by 
trypan blue exclusion. 


thus formed were stable at 0 °C, and end-point lysis on incuba- 
tion at 37°C was <5%. '**I-labelled monoclonal antibody 
against C9 (coded MC47), which had previously been shown 
to bind to C9 after its insertion into the cell membrane attack 
complex'®, showed that >2,000 MC47 antibody molecules per 
cell were bound specifically in the sub-lytic PAC1-9 intermedi- 
ates. This indicated that many attack complexes were required 
to cause cell lysis, suggesting that not all the attack complexes 
on the cell surface were functional lesions'’'*. Nonspecific 
binding of anti-C9 antibody MC47 to PMNs alone or to PAC1-8 
intermediates was less than 5% of its binding to PAC1-9. Prein- 
cubation of PMNs with C9 alone caused no detectable increase 
in the binding of antibody '*°I-MC47. The stability of the sub- 
lytic PAC1-9 intermediates at 0°C was confirmed by the fact 
that no decrease in '**I-MC47 binding was detected after the 
intermediates had been stored at 0 °C for 60 min. Similarly, using 
fluorescein-labelled anti-C9 antibody MC47, >95% of the sub- 
lytic PAC1-9 intermediates had visible fluorescence, and thus 
membrane attack complexes, on their surfaces. 

The fate of the attack complex on incubation of sub-lytic 
PAC1-9 at 37°C was quantified using '*I-MC47 (Fig. 1) and 
visualized using fluorescein MC47 antibody (Fig. 2). Binding of 
1251. MC47 antibody to sub-lytic PACI-9 intermediates 
decreased rapidly at 37 °C, being reduced to 50% within 3.5 min 
and to <10% of the original binding within 10 min (Fig. 1). 
Removal of the attack complexes containing C9 at 37°C was 
confirmed by visualizing it with fluoresceinated MC47 (Fig. 2). 
Before incubation at 37°C, fluorescence was uniformly dis- 
tributed over the cell surface (Fig. 2a). Within 2 min at 37°C 
the cell-surface MC47 fluorescence coalesced into bright patches 
(Fig. 2c). This was followed by the formation of highly fluores- 
cent vesicles (Fig. 2e, g) which were shed into the surrounding 
medium. Internalization of fluorescent MC47 vesicles was also 
observed in many cells (Fig. 2c). These events were not the result 
of capping induced by the anti-C9 monoclonal antibody itself, 
as patching and vesiculation of cell membrane fluorescence were 
also observed in sub-lytic PAC1-9 intermediates where C9 had 
been labelled directly with fluorescein. Use of labelled antibody 
to visualize C9 provides a larger fluorescence signal, making it 
easier to record the protection mechanism. 
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Fig. 2 Visualization of removal of membrane attack complexes 
from polymorphonuclear leukocytes. a, C, e€, 8, Fluorescence; b, d, 
f, h, phase contrast. Before incubation at 37 °C, sub-lytic PAC1-9 
intermediates exhibited a diffuse cell-surface fluorescence (a). 
Within 2 min of being placed at 37°C, patching of fluorescence 
on the cell surface and the appearance of fluorescent vesicles within 
the cell were observed (c). At 4 min, highly fluorescent vesicles 
were observed on many cells, which were subsequently released 
into the surrounding medium (e, g). After incubation at 37 °C for 
60 min, <5% of cells had detectable surface fluorescence (h). 
PAC1-8 intermediates similarly incubated with fluorescent anti- 
body had no detectable cell-surface fluorescence. 

Methods. Rat PMNs bearing sub-lytic amounts of the membrane 
attack complex (sub-lytic PAC1-9) were prepared as described in 
Fig. 1 legend. Sub-lytic PAC1-9 (107 per ml) were then incubated 
with fluorescein-conjugated antibody against C9 (MC47, 
20 ug ml~') at 0°C for 10 min. The cells were washed at 0 °C, then 
incubated at 37 °C. Portions were removed at intervals, placed at 
0°C and cell-surface fluorescence was examined using a Zeiss 
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Fig. 3 Temperature dependence of removal of membrane attack 
complexes. Rat PMNs bearing sub-lytic amounts of attack complex 
(sub-lytic PAC1-9) were incubated at various temperatures in the 
range 10-37 °C, and binding of radiolabelled antibody against C9 
was measured at intervals as described in Fig.1 legend. The 
decrease in binding of radiolabelled antibody appeared to be 
exponential down to 10% of original binding. The time taken for 
binding of radiolabelled antibody to decrease to 50% of original 
(t,,.) was estimated from duplicate measurements and plotted 
against incubation temperature. 


The removal of attack complexes from the cell membrane of 
sub-lytic PAC1-9 intermediates was markedly temperature 
dependent (Fig. 3). At 10°C the time for loss of 50% '*°I-MC47 
binding was 133 min, compared with 3.5 min at 37°C. At 0°C 
there was no detectable loss of antibody MC47 binding over 
3 h. C9 was required to remove the attack complexes, as removal 
of the C5-8 complexes without C9 was slow, 50% being lost 
within 42 min at 37°C; this was demonstrated by measuring 
binding of '**I-C9 to PAC1-8 intermediates. 

We have shown previously that formation of the attack com- 
plexes on PMNs causes a stimulation of reactive oxygen meta- 
bolite production (O3, -OH,H,02, OCI, 'O,), detectable within 
20 s using luminol-dependent chemiluminescence*”*"*. This acti- 
vation requires C9 and extracellular Ca**, occurring many 
minutes before significant cell lysis is detectable. Addition of 
C9 to PAC 1-8 intermediates at 37 °C, thereby forming sub-lytic 
PAC1-9 intermediates, also caused a rapid, transient increase 
in reactive oxygen metabolite production (Fig. 4a). In contrast, 
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Fig.4 Stimulation of the production of polymorphonuclear 
. leukocyte reactive oxygen metabolites by sub-lytic amounts of the 
membrane attack complex. a, Sub-lytic PACI-8+C9; b, lytic 
PACI-8+(C9. End-point lysis was calculated by measurement of 
lactate dehydrogenase release after 90 min incubation at 37 °C and 
was 4.2% for a and 39.5% for b. 
Methods. PAC1-8 intermediates were produced by incubation of 
antibody-sensitized PMNs with C9-depleted serum at a dilution 
which, in the presence of C9, caused <10% end-point lysis (sub- 
lytic PAC1-8) or ~40% end-point lysis (lytic PAC1-8). Intermedi- 
ates (5x 10° in 0.5 ml Krebs HEPES containing 11 pM luminol) 
were then incubated at 37 °C in the reaction chamber of a computer- 
ized chemiluminometer'*. C9 (10 pg in 0.5 ml medium at 37 °C) 
was then added and luminescence monitored. 


addition of C9 to PAC1-8 intermediates to form PAC1-9 lytic 
intermediates (end-point lysis ~40%) resulted in a biphasic 
luminol-dependent chemiluminescence (Fig. 4b) similar to that 
previously observed using whole serum at lytic doses of attack 
complex”. The first phase is thus a sub-lytic event, ceasing on 
the removal of the attack complexes from the cell surface, 
whereas the second phase is a pre-lytic or lytic event and may 
be the result of myeloperoxidase release'*'’. The rapid first 
phase parallels the rapid rise in intracellular free Ca?* induced 
by C9 incorporation into the attack complex**, Thus, this 
increase in intracellular Ca** may activate not only metabolic 
pathways such as that responsible for reactive oxygen metabolite 
production, but also membrane recovery processes preventing 
cell death in nucleated cells at sub-lytic levels of complement 
attack". 

_ Although the pathways for complement activation are well 
known, the precise mechanism by which the membrane attack 
complex affects nucleated cells remains controversial®'!*!*. The 

~ —-— tesults presented here shed new light on complement action on 
nucleated cells. Cell death caused by complement belongs to a 
_.. ¢lass of phenomena defined as ‘threshold’!’, where cell death 
is dependent on a critical chemical or osmotic threshold within 
-the cell or cell membrane. This threshold may not be reached 
for several minutes after formation of the attack complex on 
the membrane of an individual cell”, yet chemical events can 
-occur within the cell in seconds as a result of changes in the 
‘intracellular concentration of ions such as free Ca2* (refs 5, 6, 
19, 26). In cells which can protect themselves before the thresh- 
old is reached (Figs 1, 2), chemical and morphological changes’? 
ean still occur and yet the cell can survive. Consequently, any 
‘inhibitor of the recovery process will increase the number of 
tells passing through the threshold and thus increase cell lysis. 
‘We have recently shown that adenosine, an activator of adeny- 
- late cyclase in PMNs, inhibits removal of the attack complex 
and concomitantly increases cell lysis?’ 

Vesiculation and activation of cells by complement have been 
_ reported previously”**’, but such studies could not distinguish 
whether these events were sub-lytic or pre-lytic. Our findings of 
a mechanism for removal of membrane attack complexes from 
_the cell surface, together with activation of intracellular events 
-without cell lysis, provide a new basis for understanding the 
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possible role of complement in the pathogenesis of immune- 


based disease*'**. The recovery process in PMNs is quite 


distinct from resistance of prokaryotes to complement attack, 
the latter being due to failure of the attack complex to insert 
into the outer or inner membrane of the bacterium’. The estab- 
lishment of a recovery process, via removal of the attack com- 
plex, in nucleated cells other than PMNs will provide a new 
perspective in the understanding of a controversial problem— 
the natural function and evolutionary significance of C9, the 
terminal component of complement. 

We thank the MRC and the Arthritis and Rheumatism Council 
for financial support, also Drs M. B. Hallett and J. P. Luzio for 
helpful discussions, and the latter and Dr K. Siddle for help 
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Mmana eenma ra a aR penning enue 


HLA class II molecules are a highly polymorphic family of dimeric 
cell-surface proteins primarily involved in regulating T-cell 
responses to extrinsic antigens. To define regions of class II 
molecules involved in T-cell recognition, we have now compared 
sequences of three HLA DRB cDNA clones obtained from cells 
that all express the same serologically defined determinants but 
differ in terms of T-cell-recognized specificities. The comparisons 
indicate that very few (one to four) nucleotides differ between what 
are almost certainly alleles of the DRBI locus. All differences 
were in the first domain of the molecule and all localized to a 
region from amino acids 71~86. Because all differences were found 
only in this region of the molecule, and because DR a-chains 
seem to be relatively non-polymorphic’, these positions in the DR 
P-chain must have a major role in influencing T-cell recognition 
of the DR molecule. : 
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Start 
x ¥ La 7 x f 


LSS.8.1 $4 TCOOTEAG TGAGA CT CACCTGCTCCTCTOGCCOCTGGTCCTGTOLIGTICTCCAGE ATS GTS TOT CTG AAG TTC Ta 
P & G $ ç M A A L T ¥ T L M ¥ u g 8 F L S E eee 
CCT GCA GOC TCC TGC ATG GCA GCT CTG ACA GTG ACA CTG ATG GTG CTO AGE TLE CCA ete LIAO 
-1 + 10 a ae 
A L à G p T R P R F k £ g ¥ kK R, 
GCT TTG GCT GGG GAC ACC CGA CCA CGT TTC TTG GAG CAG GTT AAA CAT: 
53 .$ =o mhm me e eae mam ma emt A m ee aA ga i a e le” deee. my 
20 . 
ie Fow ¢ tf ÈE R YV R? L BERK 
ae TTC AAC GGG ACG CAC CGG GYG COG TTC CTG GAC AGA 
-i oo. Fig. 1 Sequences for clones LS5.8.1. and $3.4. Both Rie: ee ee bee See eo Sa es at ee 
© [85.8.1 and $3.4 were initially isolated from cDNA 60 i ae 
A PREE N T eo SE ee 8 Th ¥ R f p E _ ¥ 6- -T Ke A 
coui dibraries constructed from membrane-bound (LS5.8.1). or ; Gie coc TTC Gac AGC GAC GTG coo ‘eas AC CG GCC 
= -¢ytoplasmic (S3.4)RNA. cDNA was synthesized using ay rn eee Ar rene re Merge Oa oa ae 
~ > oligo(dT) to prime the first strand, and nascent mRNA OE es ee eae = n 
< -nicked with RNase H to prime the second strand. cDNA GCC GAG TAC TOG AAC AGC CAG AAG GAC CTC CTG: GAC 
was ‘blunt-ended’ with DNA polymerase and tailed with ea aaa aa ae a 
dCTP using terminal deoxynucleotidyltransferase. cDNA oe gs OE ce i ge ig eg oe 
was annealed with Pstl-cut, dG-tailed pUC9, and intro- TAC TCC AGA CAC AAC TAC GGG GTT GTC GAG AGC TTC 
duced into Escherichia coli strain JM83. Each library, epee ye, ON yds ea Rees Uae 
which contained ~7,000 colonies, was screened with a ee ee ae 
790-base pair SstI/ HindIII fragment of a DRB cDNA GAG CTG ACT GTG TAT CCT GCA AAG ACC CAG CCC CTC 
clone isolated by Long et al.’ This probe contains almost | 
the entire coding region from this clone and in the condi- Re ee eae re ae S, Dee. aati: ey Ea 
tions of hybridization used, reacts most strongly with DR Ber ete AAT gor Thc TAT Gh foe pat AT Gh OC MBG TOE TOE OEE OAC OTE ce oe 
cDNA but also reacts weakly with DPB and DQp. The ie 
á ; 146 ` ; ` 
-< inserts from these clones, or fragments thereof, were sub- a ee E ee SO EO ee 6 ee te a 
cloned into the single-stranded vector M13mp19. Sub- a untae ere ore atc tes eos ee ee 
clones were either sequenced directly or truncated sub- | 
: 160 170 
clones were generated by the method of Dale et al”. Lov so bL E rt vO es OOS ONO O T C Qq y E 8 
Sequencing was done using the dideoxy chain termination cta ore atc ore ob aca Gre. eof co AOE- AeA tae GEY Tac Aor TOC Che Site TAE ne 
method'®. N in the S3.4 sequence represents an ambiguous , 
A s> z i180 g 2 199 
area of the sequencing gel. In addition, ~90 nucleotides P s L TO 9 P b TESOB BnR ERA ans atk cha chi beak 
te 4 Tt AA GA GCA T AA GCA 
at the 5’ end of this insert have not been sequenced: Where ECA AGO CTG ACG AGC OCT CTA APM eee, TOA iinn meni wah coe mem mam en wae ee tN 
thé sequence k : EE yp of LS5.8.1, a dash ioa n PE a 
wW DOs QU €, K N L $ G V G G ¥ G S 
is shown below the a a AAG ATG CTG AGT GGA GTC GCG GOC TTC-GTG CTO GCC CTC CTC TTC CTT GOG ace GGG CTC 794 
220 :230 ; 
, i Y F R R Q KOG BROOS GOL Q COR E A EA 
TTC ATC TAC TTC AGG AAT CAG AAA GGA Cac TET CCA CTT CAG CCA AGA GGA TTC CTG AGES 
Stop 


TCAAGTCAAGATGACCACATTCAAGGAAGAACCTTCTGC CCCAGCTTTGCAGCATCAAACACTICCECECTIGGCTCTS 93. 
ATTOTICCACAAGAGAGACCTITCTCOGGACETCGTRGCTACTGETTCAGCAGeTCTGCAGAAAATGTCCTCCeTTETe 
GOTGOCTCAGCT CG TACCTTTCGC CTGAACTCCCAGCATTAATGGCAGCCCCTCATCTTCCAAGTTITCTOCTCCCETT 


Serological and molecular cloning experiments have shown 
that there are three families of class I] molecules within the 
HLA complex, termed DP, DQ and DR. For the DR4-DRw53 
haplotype which we have studied, within the DR family, one 
a and three complete 8 genes are known; one B gene is a 

< pseudogene”. At least two DR aß dimers are expressed. The 
“serological determinant DR¢4 is associated with the aB1 dimer 
whereas the DRw53 determinant is associated with the 82 
dimer. To date, comparisons of DRB nucleic acid sequences 
have been made between cells differing both serologically and 
in terms of T-lymphocyte-recognized determinants, making it 
impossible to ascribe determinants recognized by T lymphocytes 
~~ to particular polymorphic sequences. To minimize differences 
= to those potentially. involved in T-cell recognition, we have 
<<< compared sequences of what appear to be DRB1 cDNA clones 
<- from cells which differ with respect to determinants, designated 
as ‘Dw’, recognized by allogeneic T cells, but which share the 
serologically defined specificity DR4. | 
Among cells which express DR4, at least five distinct Dw 
subtypes have been defined, designated Dw4, Dw10, Dw13, 
-0 Dw14 and Dw15 (ref. 3). Clones LS5.8.1 and $3.4 were obtained 
=. from cDNA libraries of two homozygous typing cells, LS40 and 
> SSTO, expressing Dw14 and Dw13, respectively. The sequences 
hese clones are shown in Fig. 1. The clones differ by a single 
sleotide, resulting in an alanine in LS5.8.1 (Dw14) and a 
ic acid in $3.4 (Dw13) at amino-acid position 74 (Table 
a, b). 
3.1 differs by only three nucleotides (two amino acids, 
‘1, lines a, c) from an unpublished DRB sequence 














TACCTAATOCTICCTCCCTCCCATEC ATCTCTACT COTCCTGTCCCACAAACANATTACATT ATTARATOTTTCTCAAA 





CATCCAGTTAA 3° 


(E. Long, B. Mach et al., personal communication) obtained: PRAE 
from a DR4° cell, referred to as ‘DR4,6’. To make this sequence 
comparison more meaningful, we used cloned cytotoxic T lym- 9 
phocytes that differentiate between the DR products (probably 
DRB1)* of Dw4 and Dw14, and established that DR components 
of Dw4 are associated with the DR4 haplotype of DR4,6. As 
shown in Table 2, both LS40 and DR4,6 served as effective 
targets for cloned cytotoxic T lymphocytes which recognize both | 
Dw4- and Dwl4-associated determinants of DR4,6 and LD40; 0 
only DR4,6 was lysed by cloned cytotoxic T lymphocytes recog- oes 
nizing Dw4 but not Dwi4 determinants. Supe eee 
Based on the high degree of sequence homology between the 
DRB clones from Dw14, Dw13 and Dw4 cells described, it is 









Table 1 Summary of amino-acid differences between DRBI alleles. 


Amino-acid position - 





Cell ODR 


Clone el Dw 71 74. 86 ; 
a LS5.8.1 OLS pi 4 è Arg Ala Val 
b $3.4 SSTO Bl B Arg Glu 
č DR4,6* Bi 4 Lys Ala Gh 
d Preisst Bl 4 Lys Ala Gly” 
Preisst g2 4 Ag Gu Vao 





_* Taken from the sequence of a DRB cDNA clone obtained by Bo 
Grubenmann, E. O. Long and B. Mach, in preparation. aa 
+ Taken from ref. 5.. 







a oe : Table 2 Lysis of DR4,6, LS40 and other targets by cytotoxic T-lymphocyte clones 


DR4/6 LS40 
Clone* 
KD15 43.0+4,.4t 0.8+ 1.4 
KD33 §9.2+6.6 2.141.2 
KD4s — §5.44+8.3 §6.3+9.5 


The cell-mediated lympholysis (CML) assay was performed as follows. 
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Target 


Sennen r r UULU 
BO (Dw4 homozy- 
gous typing cell) 


K.Blo (Dw3,4) J.Nor (Dw2,3) 


35.7+4.6 40.5 +6.3 2.141.3 
27,.2+3.9 40.0+2.8 10.1+2.0 
16.142.7 | 112.5 


23.442.7 


Target cells were labelled with 0.25 mCi chromium-51 for 1h, washed 


three times with cold RPMI-1640 containing 20% pooled human serum, and adjusted to 1 x 10* cells mi~'. The cloned effectors were resuspended 


> 


in interleukin-2-free culture medium the day before testing. Effectors were adjusted to the appropriate concentration and 100 wl effectors + 100 wl 
targets were added to V-bottom microtitre plates, spun at 500 r.p.m. for 5 min and incubated in a 37°C, 5% CO, humidified environment for 4h. 
The plates were then spun at 1,0001r.p.m. for 10 min and 150 pl of supernatant was aspirated and placed in scintillation vials. Ready-Solv HP 
(Beckman 566436) (2.5 ml) was added to each vial and the samples were counted in a 8 scintillation counter. Spontaneous release of “Cr was 
assessed by incubating target cells without effector cells and maximum release of the isotope was assessed by incubating target cells with 0.1% 
hexadecyltrimethylammonium bromide. Results were calculated as follows: 


% Cytotoxicity = ( 


c.p.m. experimental wells—c.p.m. spontaneous release x100 
bat ii ia aean P ED AAAA E ual ded ati 
c.p.m. maximum release—c.p.m. spontaneous release 


-* KDIS and KD33 are Dw4 specific; KD48 lyses Dw4 and Dw14 targets’. 


t% CML:+s.d. The effector: target ratio is 20:1. 


extremely likely that these clones represent transcripts of alleles 

of a single locus. The clones presumably represent transcripts 

-of the DRB1 locus for the following reasons. Speis et al> have 
compared sequences of the first domains of known (based on 
amino-acid sequencing of characterized proteins) DRBI and 
DRB2 genomic clones from Priess (a DR4-Dw4 homozygous 
typing cell) and have found 19 amino-acid differences between 
them. The DR4-Dw4 81 sequence from Priess is identical to 

the sequence of DR4,6. Our allelic sequences, because they differ 

by 2-3 amino acids from the DRA 1 sequence of Priess, but by 
16-17 amino acids from the DRB2 sequence, probably represent 

- DRB sequences. Also, at the positions where the DRBI] sequen- 

ces of Dwl4, Dw13 and Dw4 differ from each other, one of the 
alternative amino acids and the corresponding codon are also 
present at the same position in the DR82 sequence. Whether 

this has occurred as the result of accumulated mutation in the 
DRBI gene, or through a gene conversion-like mechanism, is 
unclear. If gene conversion-like events have occurred, it is thus 
possible that the DRG2 locus functioned as a donor gene respon- 

sible for the substitutions seen between DRB1 alleles: however, 

>o a DRB pseudogene sequence reported by Larhammar et al” 
__ also contains codons identical to those of DR@2 at these posi- 
tions and ‘could therefore also have functioned as a donor gene. 
_.. The conclusion that these sequences represent DRB1 tran- 
. seripts is also consistent with the observation that there is an 
approximately 10-fold higher level of DRG1 than DRB2 
-expressed on the surface of B cells transformed by Epstein-Barr 
virus"; that finding may well be reflected in levels in the 
messenger RNA pool. We have now sequenced all or part of 
three different DRB cDNA clones from our LS40 library and, 




















although there is evidence that transcripts of this gene are 
differentially processed (J.S.C., C.A.D., J.M.C. and F.H.B., in 
preparation), all are apparently transcripts of a single locus. 
The clone sequenced by Long et al. is also a member of a highly 
represented family of DRB clones (group 2 in ref. 7 ). 

_As it is likely that these sequences represent transcripts of the 
DR£ 1 locus, these data suggest that a few amino-acid differences 
may profoundly affect how the molecule is recognized by T 
ymphocytes. This situation is not without precedent: relatively 
-minor amino-acid substitutions in the heavy chain of the HLA- 
-A2 molecule” and in mutants of the K? molecule! drastically 
alter T-cell recognition of those molecules. 

_Structural models of the DR molecule have placed residues 
71, 74 and 86 on the outer face of the DR molecule!'. Residues 
71 and 74 are included in the third hypervariable region of the 
DR £-chain, the only proposed a-helical region in the first 
-domain''. Amino-acid substitutions in the I-A mutant bm12 are 














in this same region’. If determinants of the DRa@1 dimer are - 
involved in restricted recognition of foreign (nominal) antigens, 
and there is some evidence for this'*""*, these same amino-acid 
differences among DRB1 must be involved. 

Whether the changes in DNA sequence noted here are directly 
responsible for encoding T-cell-recognized determinants or 
whether they are responsible for conformational changes involv- 
ing other parts of the molecule which are recognized by T cells 
remains unclear. We would also expect to find other sequence 
differences that could result in determinants recognized by T 
cells. We postulate, however, as we have discussed recently'™!°, 
that the allelic differences reported here in a naturally evolving 
population may be of primary importance evolutionarily and 
functionally for T-lymphocyte recognition. 
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Simian virus 40 (SV40) replicates efficiently in monkey kidney 
cells. However, we have now found that SV40-based vectors trans- 
fected into most human cells replicate poorly, if at all. In contrast, 
strong SV40 replication is observed in human embryonic kidney 
(HEK) cells transformed with the adenovirus early region, but not 
in untransformed HEK cells. Vector replication in adenovirus- 
transformed cells is dependent on the presence of the SV40 origin 
of replication and large-T antigen. However, vigorous replication 
occurs at levels of large-T antigen that are undetectable by 
immunofiuorescence. These data suggest that the adenovirus 
oncogenes create a replication-permissive environment to which 
the SV40 replicon responds. Furthermore, replication and gene 
expression seem to be antagonistic on our vectors. High levels of 
large-T antigen are observed only when vector replication is 
blocked by mutations in the gene for large-T antigen or the origin 
of replication, or by direct inhibition of DNA polymerase with 
aphidicolin. 

We have been examining mutagenesis in mammalian cells 
using a shuttle vector approach'’. Extension of these experi- 
ments to human cells requires efficient replication of a shuttle 
vector in the human cell environment. As human cells are 
considered semi-permissive for SV40°, we examined replication 
of an SV40-based vector in various human cell lines. The vector, 
pJYMib, contains the entire SV40 genome inserted into the 
BamHI site of the pBR322 derivative pML (ref. 4) and also 
contains the lacI gene*. Vector DNA was introduced into human 
cells in culture using the calcium phosphate co-precipitation 
technique”. After replication for 1-5 days, plasmid DNA was 
collected by the Hirt procedure® and digested with Mbol to 
distinguish replicated from input DNA’. The Mbol digest was 
run on an agarose gel, blotted to a filter and probed with 
**P_labelled pJYMib DNA. The intensity of the Mbol pattern 
gives a direct measure of the amount of vector replication in 
the mammalian cell. 

This replication assay was used on various human cells, 
including SV40-transformed xeroderma pigmentosum skin 
fibroblasts (Human Genetic Mutant Cell Repository NIGMS 
GM 4312A), 143 thymidine kinase-negative osteosarcoma cells’, 
HeLa cervical carcinoma cells and primary HEK cells derived 
from 9-12-week-old human fetuses® (kindly provided by E. 
Major), but none showed any indication of pJ Y Mib replication 
except HeLa, where a low level of replication was detectable 
(see below). 

Because large-T antigen is required for SV40 replication, it 
was possible that poor expression of SV40 large-T antigen might 
be responsible for the observed block to SV40 replication. It 
has been reported” '* that transfected DNA is strongly expressed 
in the 293 cell line'’, an adenovirus-transformed derivative of 
HEK. The effect is apparently mediated by the adenovirus Ela 
gene products, which are efficiently expressed in 293. It therefore 
seemed possible that SV40 large-T antigen might be expressed 
at a high level in 293. Accordingly, we transfected pJ Y Mib into 
late-passage 293 cells (from A. Berk via C. Hsu) and assayed 
replication. Figure 1 shows pJYMib indeed replicated very 
strongly in these cells*. Its replication in 293 was much stronger 
than that detected in CV-1, the African green monkey kidney 
line commonly used for propagation of SV40. Replication levels 
in 293 were comparable to those observed in COS-7, an SV40- 
transformed CV-1 derivative which produces large-T antigen 
constitutively'*. Replication increased over at least 72h. The 
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Fig.1 Time course of pJYMib replication. 60-mm dishes of CV-1, 
COS-7 and 293 cells were transfected with 2 ug of pJYMib DNA 
using the calcium phosphate technique’. The cells were collected 
20, 44, 72, 96 and 120h after transfection. Plasmid DNA was 
purified by Hirt extraction® and one-third of the sample was 
digested with Mbol (New England Biolabs) and loaded on a 1% 
agarose gel. Uncut p)YMib DNA (5 ng) was loaded at the left as 
a marker for input DNA. pJYMib (25 ng) digested with Dpnl 
(Boehringer Mannheim) was used as the marker for the Mbol 
digestion pattern. Bacterially grown DNA is sensitive to Dpnl 
digestion, but only DNA which has been replicated in the mam- 
malian cells and lost its bacterial adenine methylation is sensitive 
to Mbol. The bands near the top of the gel represent residual input 
plasmid DNA, while the bands at the bottom reflect DNA repli- 
cated in the mammalian cell. 
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Fig.2 Comparative vector replication. 60-mm dishes of cells were 
transfected and DNA collected at 72 h and digested with Mbol as 
in Fig. 1. Only the Mbol patterns are shown. Lanes a-f represent 
pJYMib DNA transfected into COS-7 (a), CV-1 (b), HEK (c), 
HeLa (d), 293 (e) and JW-2 (f ) cells. Lanes g-k represent various 
vectors transfected into 293 cells. g, pJYMib; h, pJYMib, plus 
20 uM aphidicolin added 20 h post-transfection; i, pMK16/SV40; 
j, pMK16/ori ; k, pMK16/SV80. 


high yield of replicated SV40 DNA in 293 was in contrast with 
all the other human cell lines tested and occurs even though the 
transfection efficiencies of the cell lines are comparable (see 
below). 

293 was created by transfection of HEK cells with sheared 
fragments of adenovirus-5, resulting in a transformant which 
contains and expresses the early genes Ela and Elb, the trans- 
forming functions of adenovirus". Figure 2 (lanes a-e) shows 
the relative replication levels of pJ YMib at 72 h in COS-7, CV-1, 
HEK, HeLa and 293. Replication in HeLa was markedly below 
that in 293, and replication in HEK was undetectable. As HEK 
cells are derived from the same tissue type as 293, the adenovirus 
early genes may be responsible for the replication permissivity 
of 293. Further evidence implicating the adenovirus oncogenes 
comes from our study of the JW-2 line (from P. Gallimore, 
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courtesy of J. Williams). JW-2 is an independently derived HEK 
transformant constructed by microinjection of the EcoRI-C 
restriction fragment containing the leftmost 16.5% of 
adenovirus-12 into HEK cells'*. Replication levels in JW-2 are 
comparable to those in 293 (Fig. 2, lane f). Therefore, two 
independently derived adenovirus-transformed HEK lines both 
support high levels of SV40 replication. This result, together 
with the failure of all the other human lines to replicate SV40 
efficiently, argues for a role for the adenovirus gene products. 
We performed genetic experiments to verify that large-T anti- 
gen and the SV40 origin were required for SV40 replication in 
293. A plasmid, pSVi ori, lacking all SV40 sequences*, was 
assayed for replication and produced a negative result. Similarly, 
pSVi2 (ref. 1), pSV2gptib (ref. 2) and several other plasmids 
containing the SV40 origin of replication, but lacking the coding 
region for large-T antigen, showed no replication. Plasmids 
pJY Mib and pMK16/SV40"°, which contain both the viral origin 
and large-T antigen, replicated strongly and at similar levels 
(Fig. 2, lanes g, i). However, derivatives of pMK16/SV40 
possessing defects in the origin or large-T antigen failed to 
replicate. Plasmid pMK16/or , which contains a mutation at 
the Bgll site of SV40 which inactivates the origin'®, showed no 
replication in our assay (Fig. 2, lane j). Similarly, pMK16/SV80, 
which contains a point mutation affecting amino-acid 147 in the 
DNA binding region of large-T antigen (W. Gish and M. Bot- 
chan, personal communication), also failed to replicate in 293 
(Fig. 2, lane k). These results suggest that both the origin and 
large-T antigen are required for SV40 replication in 293 cells. 
This replication can be blocked by aphidicolin (Fig. 2, lane A), 
a specific inhibitor of DNA polymerase a, the polymerase that 
normally replicates both SV40 and the chromosomal DNA”. 
It was an essential control for these experiments to determine 
whether the differences in replication levels we detected resulted 
from large difficulties in the transfection efficiencies of the cell 
lines treated. We examined this point extensively using several 
different assays. Perhaps the most relevant was a comparison 
by immunoprecipitation of the amount of large-T antigen 
synthesized when equal amounts of the non-replicating plasmid 
PMK16/ori were introduced into 293, HeLa and 143 cells (see 
Fig. 4b). The amount of large-T antigen synthesized in HeLa 
and 143 cells averaged 2.4- and 3.6-fold less, respectively, than 
in 293 as determined by densitometer scans of gels from two 
experiments and normalization for cell number. These small 
differences in transfection efficiency (and/or gene expression) 
cannot account for the large differences in replication observed. 
As an additional transfection control, we measured the number 
of stable hygromycin-resistant colonies resulting after transfec- 
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Fig. 3 Large-T antigen immunofluorescence. 
a, COS-7; b, 293 transfected with pMK16/ 
SV40; c, 293 transfected with pMK/ori_ ; d, 293 
transfected with pMK16/SV40, plus aphidi- 
colin (see text). 

Methods, 60-mm dishes of cells were fixed with 
methanol (Mallinkrodt) for 20min 48-72h 
after transfection. 10 ul of 1: 16 dilution of ham- 
ster anti-SV40 tumour serum (gift of M. Bot- 
chan) in phosphate-buffered saline (PBS) was 
applied to a 1-cm diameter section of the dish 
and incubated in a CO, incubator for 30 min. 
After two washes with PBS, 10 ul of a 1:10 
dilution of fluorescein isothiocyanate-labelled 
goat anti-hamster IgG (Cappel Laboratories) 
was applied to the circle and incubated at 37° C 
for a further 30 min. After two washes with PBS, 
the cells were examined for indirect immuno- 
fluorescence with a Zeiss standard epifluores- 
cence microscope (X10 ocular) and a x40 Pan- 
neofluor objective. Cells were photographed on 

Kodak Tri-X film. 


tion of 293, JW-2, HeLa and 143 cells using a vector encoding 
resistance to hygromycin'®. Our results indicated that these lines 
are comparable in transfection efficiency. This conclusion is 
supported by previous studies'**’. Alwine*’ recently reported 
that 293 cells stabilize transfected DNA much better than other 
cell lines, although we have not been able to confirm this 
interpretation. Primary HEK cells (obtained from E. Major) 
take up DNA well, since they express large-T antigen efficiently 
following transfection with pMKI16/ori , as determined by 
immunoprecipitation (data not shown). Thus, we cannot explain 
the failure of HEK and lines such as 143 to replicate SV40 
efficiently by an inability to take up DNA or express large-T 
antigen. Rather, a replication-permissive environment seems to 
exist in 293 cells. 

We had originally considered that efficient SV40 replication 
in 293 might be caused by high levels of large-T antigen 
expression. The SV40 early promoter fused to the a-globin gene 
has been shown to be transcribed in 293 cells in an enhancer- 
independent manner''. However, we were surprised to learn 
that D. Lewis and J. Manley (personal communication) had 
demonstrated that expression of large-T antigen from its own 
promoter on an SV40 vector is very low in 293 cells. On the 
other hand, these investigators also observed that SV40 early 
expression was easily detectable in 293 cells when a vector 
containing a defect in the origin of replication was used. In the 
light of our observation that SV40 replication is strong in 293, 
these results could suggest an antagonism between replication 
and gene expression. This interpretation was suggested by Bot- 
chan, whose laboratory had observed an apparent incompatibil- 
ity between replication and transcription detected on SV40- 
based vectors encoding the herpes thymidine kinase gene (P. 
Robbins and M. Botchan, personal communication). 

To test this hypothesis, we used indirect immunofluorescence 
to examine levels of large-T antigen in 293 cells transfected with 
replication-competent and replication-defective vectors. Figure 
3a shows the immunofluorescence result for COS-7 cells. All 
the cells showed positive nuclear fluorescence; in contrast, no 
positive cells were detected when 293 was transfected with 
pJY Mib or pMK16/SV40, another plasmid containing the whole 
SV40 genome’®. Figure 3b shows a representative field of 293 
cells transfected with pMK16/SV40. All the nuclei were dark; 
no bright nuclei were found in six independent plates examined. 
(The cytoplasmic background fluorescence is typical of 293 and 
occurs to the same degree in untransfected cells.) This result 
indicates that levels of large-T antigen must be very low or 
absent, even though vigorous pMK16/SV40 replication is 
readily detected in the same conditions. 
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Fig.4 Immunoprecipitation of large-T antigen from transfected 
cells. Approximately 1-5x10° cells were seeded onto 100-mm 
tissue culture dishes and transfected 24h later with 10 ug of the 
designated plasmid using calcium phosphate co-precipitation. 
Twenty hours after transfection, the cells were labelled with 
100 Ci *°S-methionine in methionine-deficient Dulbecco’s 
modified Eagle’s medium containing 0.5% fetal calf serum. After 
24 h labelling, the cells were washed with PBS, lysed with 150 mM 
NaCl, 50mM Tris pH 7.6 and 0.5% Nonidet P-40, and pelleted 
to remove cellular debris. The resulting supernatants were preab- 
sorbed with IgGsorb (Enzyme Center), then absorbed with an 
IgGsorb-L19 monoclonal” anti-large-T antigen conjugate. The 
precipitates were washed with 150 mM NaCl, 50 mM Tris pH 7.6, 
0.5% NP40 (A) or 500 mM NaCl, 50 mM Tris pH 7.6, 0.5% NP40 
(B) to remove proteins which nonspecifically bind to the conju- 
gates. The precipitates were boiled in 2% SDS, 20 mM Tris pH 6.8, 
20% glycerol, 10% -mercaptoethanol and run on 11% Laemmli 
SDS polyacrylamide gels’. Large-T antigen is indicated by arrows 
in the figure and its position in the lanes is marked by a dot. Since 
only a small percentage of the cells were productively transfected, 
it was difficult to both retain the large-T antigen signal and com- 
pletely remove labelled cellular background bands. The higher salt 
wash used in B was more successful in making large-T antigen the 
most strongly labelled band. The positions of 67,000 and 94,000 
relative molecular mass markers (bovine serum albumin and phos- 
phorylase b) are indicated. A, 293 cells were transfected with: a, 
a calcium phosphate precipitate with no DNA; b, c, pJYMib; d, 
e, pMK16/ori_. In c and e, 20 M aphidicolin was added to the 
culture medium 20h after transfection. B, 2 x 10° 293 cells (a, b), 
4x 10° HeLa cells (c, d) and 3 x 10° 143 cells (e, f) were transfected 
with no DNA (a, c, e) or pMK16/ori” (b, d, f). Relative amounts 
of large-T antigen were determined by densitometer scan of the 
gels, with normalization for cell number, and are reported in 
the text. 


To see whether increased levels of large-T antigen could be 
obtained if replication were blocked, we performed immuno- 
fluorescence in 293 cells transfected with the replication-defec- 
tive vector pMK16/ori (ref. 16), the large-T antigen-defective 
pMK16/SV80, and pMK16/Gm638, a large-T antigen mutant 
affecting amino-acid 457 and defective in replication (W. Gish 
and M. Botchan, personal communication). Immunofluores- 
cence of cells transfected with these vectors produced bright 
positives, 5-10% of the cells displaying bright nuclear fluores- 
cence with each of the mutants on each of three independent 
plates. Figure 3c shows an example of the positive nuclei 
observed with pMK16/ori . This result is in contrast with that 
obtained using the replication-competent pMK16/SV40, where 
no positives were found (Fig. 3b). Furthermore, large-T antigen 
expression could be obtained from a replication-competent vec- 
tor by blocking replication with aphidicolin, although these 
positives (Fig. 3d) were generally less intense than those 
obtained using mutant plasmids. 

Our immunofluorescence results were corroborated by 
immunoprecipitation of large-T antigen 24h after transfection 
(Fig. 4a). Addition of aphidicolin to cells transfected with 
pJYMib led to a threefold increase in the amount of large-T 
antigen synthesized. This result is remarkable considering that 
aphidicolin effectively blocks replication (Fig. 2h) so that the 
vector copy number is much lower than in the cells not treated 
with aphidicolin. The level of large-T antigen expression per 
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vector copy is therefore very much higher for the non-replicating 
situation. Large-T antigen levels for the pMK16/ori vector 
were two- or threefold higher than those obtained with the drug, 
paralleling the results obtained by us using immunofluorescence 
and by Lewis and Manley (see accompanying paper’') using 
cytosine arabinoside. The addition of aphidicolin to cells con- 
taining pMK16/ori_ produced no further rise in large-T antigen 
levels, showing that the increase is not due to presence of the 
drug per se, but rather is likely to be a result of the ability of 
aphidicolin to block replication. 

We thus observe an inverse correlation between ability to 
replicate and levels of large-T antigen expression. This finding 
is in agreement with results obtained by Lewis and Manley in 
which large-T antigen expression is detectable in 293 only with 
replication-defection vectors*'. Their RNA analysis indicates 
that the effect is operating at the transcriptional level*'. Large-T 
antigen levels are known to be controlled in part by autoregula- 
tion”. The antigen, by binding to the origin-early promoter 
region, inhibits its own transcription***°. However, we do not 
believe that autoregulation can completely explain our results 
because large-T antigen binding to the origin-promoter region 
is apparently normal for pMK16/ori_ (ref. 26) and in the pres- 
ence of aphidicolin, yet in each of these situations, high levels 
of large-T antigen are observed. Instead, it appears that replica- 
tion per se is antagonizing large-T antigen expression. 

Our experiments show a requirement for large-T antigen in 
SV40 replication in 293 cells, yet immunofluorescence indicates 
that levels of the antigen expressed in 293 are very low. We 
suggest that vigorous SV40 replication can occur in 293 cells at 
marginal levels of large-T antigen because the cells are already 
primed for DNA synthesis. Large-T antigen has many functions. 
In its SV40-transforming function it induces a set of host genes 
involved in proliferation®. It is possible that these functions are 
subsumed by the E1 proteins, the adenovirus transforming func- 
tions. 
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The small DNA tumour virus simian virus 40 (SV40) has served 
as an excellent mode! for many studies on the mechanism and 
control of gene expression in eukaryotic cells. The SV40 early 
region produces two protein products. One product (large-T anti- 
gen) is known both to repress early viral transcription’? and to 
stimulate viral replication’* by binding to specific sites in the 
origin-promoter region*’. The early promoter has several 
similarities to other RNA polymerase H promoters, for example, 
it possesses a TATA box, an upstream element®”'® and an enhan- 
cer‘? However, the SV40 early promoter differs from other 
known RNA polymerase II promoters in that the origin of viral 
DNA replication is embedded within it'*'*. Here we show that the 
SV40 early region is expressed at an extremely low level following 
its introduction ito human 293 cells, contrasting with results 
observed in a large number of other cell lines'*. We show further 
that the lack of expression is due to repression of transcription 
from the SV40 early promoter by viral DNA replication which 
occurs efficiently in 293 cells. 

293 cells are human embryonic kidney cells that were transfor- 
med by and constitutively express the Ela and Elb genes of 
adenovirus-5 DNA‘'*'’, An Ela-encoded protein (or proteins) 
has been shown not only to be required for the positive regulation 
of ern agen of other adenovirus genes'®"”, but also for 
activating’’, in some cases, repressing’, transcription of 
cellular ne To examine expression of the SV40 early region 


in 293 cells, a recombinant plasmid containing the entire SV40. 


genome, pSVRI (Fig. la), was introduced into both HeLa and 
293 cells by calcium phosphate co-precipitation’? and its 
expression was monitored by indirect immunofluorescent” 
visualization of large-T antigen in cells fixed 48h following 
transfection (Table 1). As expected, efficient expression of large- 
T antigen was observed in HeLa cells; however, no indication 
of its expression could be detected in 293 cells. In contrast, the 
plasmid pg4-SVAe, which contains the adenovirus late pro- 
moter fused to $V40 large-T antigen-encoding sequences (see 
Fig. la), gave rise to efficient expression of large-T antigen in 
293 cells as well as in HeLa cells°°. The observed lack of large-T 
en oy antigen expression in pSVRI-transfected 293 cells was not 
>. Unique to pSVRI. We have tested several different plasmids 
<- containing intact SV40 early regions, including pSTER (Fig. 1), 
-and all failed to express large-T antigen in 293 cells, as judged 
-by indirect immunofluorescence. 

a -To determine whether mutations in the promoter-origin 
as -region might. ‘activate’ the early promoter in 293 cells, we first 
“tested a mutant, pSVRlori”, which contains a small insertion 
at the origin of replication, defining a Bell restriction site (see 
ig. 1). Because this mutation has virtually no effect on early 
i e expression in several other cell types™* e , although prevent- 
g viral DNA replication in permissive monkey cells*>, we were 

ised to find that 293 cells transfected with pSVRIori™ 
oduced significant quantities of large-T antigen (Table 1). In 
fact, the percentage of cells expressing the antigen was roughly 
“the same as in cells transfected with pe4- -SVAe. In contrast, 
. HeLa cells behaved very like other cells in their response to the 
> origin mutation; that is, no effect was detectable (Table 1). To 
_ determine whether the observed activation was unique to 
O pSVRlori”, we tested several other mutants (obtained from Y: 
_ Gluzman) possessing deletions at the Ball restriction site” for 
large-T antigen production in both 293 and HeLa cells. The 
results (Table 1) are similar to what was observed with 
pSVRIori”; large-T antigen was expressed efficiently in both 

cell types, 
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Table 1 Expression of large-T antigen from SV40 plasmids in 
HeLa and 293 cells by indirect immunofluorescence 





% T-positive cells 


Plasmid HeLa 293 
po4-SVAe 31 10.5 
pSVRI 38 < 9.0058 
pC6K1* 20.3 15.2 
pc2 29 15.5 
pcll 32.2 10.5 
pSVRIori 40 11.8 
p8-47 40.7 14.4 
p6-1 15 71 
p3-20 35.8 3.6 
pSVRI+ AraCt 0.4 
pSVRI+HU 1.5 
pSVRIori + AraC 4.3 
pSVRIori” + HU 4.4 





Supercoiled plasmid DNA (6 pg) was transfected onto 4x 10° 
cells (either 293 or HeLa) on a 60-mm plate by calcium phosphate 
co-precipitation’’. Four hours after the addition of the DNA pre- 
cipitate to 293 cells, the DNA and medium were removed and the 
cells were glycerol shocked with 10% glycerol for 1.5 min®®. The 
cells were washed with TBS*’, fresh Dulbecco’s modified Eagle’s 
medium (Gibco) with 10% fetal bovine serum (Gibco) was added 
and the cells were incubated for a further 44h. The HeLa cells 
were glycerol shocked after 18 h of contact with the DNA precipi- 
tate, and incubated a further 30 h. For the indirect immunofluores- 
cence experiments, cells that had been grown on coverslips were 
fixed in 3.7% formaldehyde for 15 min and treated with Nonidet 
P-40 for 1 min. Large-T antigen was detected by first adding a 
mouse monoclonal antibody to large-T antigen (Pab 416)*' and 
then staining with fluorescein-conjugated goat anti-mouse second 
antibody (Cappel). Cells were visualized with a Zeiss fluorescent 
microscope. These results represent the average of several separate 
experiments. 

* pC6K1 has three base changes affecting three amino acids'®. 
pC2 has a mutation of one amino acid and pCl has base changes 
affecting two amino acids of large-T antigen“? 

t p8-4, p6-1 and p3- -20 have 4 base pairs (bp), 6bp and 58 bp 
deletions, respectively”®, 

+ Four hours before the addition of the DNA precipitate, the 
medium on the cells was changed to fresh medium with either 
2g ml"! of cytosine arabinoside (AraC) or 1 mM hydroxyurea 
(HU). The transfection protocol described above was followed 
except that medium supplemented with the appropriate drug was 
added following the glycerol shock. Although the percentage of 
cells expressing large-T antigen was low, significant numbers of 
positive cells were detected in each of five separate experiments. 

§ 0.005% means that no T-positive cells were ever detected. This 
experiment has been repeated more than 20 times. 


To characterize further the block to large-T antigen synthesis 
in 293 cells, we analysed total cytoplasmic RNA obtained from 
transfected 293 and HeLa cells by quantitative 5’ S; nuclease 
mapping. The results (Fig. 2) are consistent with the immuno- 
fluorescence analysis. Although readily detectable amounts of 
SV40 early RNA, with the correct 5’ ends, were detected in the 
RNA obtained from pSVRI-transfected HeLa cells, virtually no 
specific RNA was found in samples obtained from 293 cells 
transfected with that DNA. However, both HeLa and 293 cells 
that had been transfected with pSVRIori” produced significant 
quantities of SV40-specific RNA, with a single 5’ end (shifted 
several nucleotides upstream by the insertion mutation). 

The position of these mutations suggested at least two possible 
explanations for our results. First, as Bg/I mutations are within 
large-T antigen binding site 2 (see Fig. 1b), it was possible that 
they might affect large-T antigen-mediated autoregulation. By 
this model, very low levels of large-T antigen would be synthe- 
sized in pSVRI-transfected 293 cells which would, however, be 
sufficient to block further early transcription in a form of ‘super’ 
autoregulation, so that very low levels of large-T antigen protein 
and messenger RNA would accumulate in the transfected cells. 
We considered this explanation unlikely for several reasons, 
including the fact that the major large-T antigen binding site 
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Fig. 1 a, Plasmid constructs. pSTER was constructed from 
pSVAdL (D. S. Grass and J.L.M., manuscript in preparation), 
which contains an EcoRI linker at the unique KpnI site (at nucleo- 
tide 294) of SV40. The EcoRI (at nucleotide 294) to BamHI (at 
nucleotide 2,533) fragment of SV40 containing the entire early 
region was inserted into the corresponding sites in pBR322. The 
plasmid pe4-SVAe contains the 72-bp repeats of SV40"', 438 bp 
of the adenovirus-2 (Ad2) late promoter from —405 to +33 (relative 
to the Ad2 transcription start site at +1) attached to the protein 
coding sequence of the SV40 early region at the HindIII site at 
nucleotide 5,171 of SV40 (for details of construction, see ref. 42). 
The construction of pSVRI and pSVRlori_ are described in ref. 25. 
These plasmids contain the entire SV40 genome cloned into 
pBR322 at the respective EcoRI sites. All restriction enzymes used 
were from New England Biolabs. pBR322 sequences are represen- 
ted by dashed lines. SV40 sequences are represented by a narrow 
line and hatched boxes, while the Ad2 late promoter is represented 
by a thick line. b, Enlargement of the SV40 origin of replication- 
promoter region. Cross-hatched boxes, 72-bp enhancers; hatched 
box, G+C-rich segment; solid bracket, heterogeneous early tran- 
scription starts; narrow bracket, early region transcription starts 
seen at late times in an SV40 infection. T1, T2, T3 are large-T 
antigen binding sites. The numbering system of Buchman et al.** 
is used. This figure was derived from one in ref. 44. 


(site 1) implicated in autoregulation? is intact in pSVRlori. A 
second possibility was suggested by the observation that all the 
mutations that activated large-T antigen expression are defective 
in DNA replication. This raised the possibility that only plasmids 
that could not replicate their DNA would be able to express 
large-T antigen efficiently in 293 cells, that is, replication and 
early transcription are incompatible. 

To distinguish between these two alternatives, we analysed a 
series of recombinant plasmids (obtained from Y. Gluzman) 
containing point mutations within the large-T antigen-encoding 
sequences’. Large-T antigen from one mutant, pC6, is both 
defective in catalysing viral DNA replication and also fails to 
bind specifically to viral DNA’. Since autoregulation is effected 
by specific DNA binding, this mutant is presumably defective 
in autoregulation. Two other mutants, pC2 and pC11, are also 
defective in DNA replication, but retain the ability to bind 
specifically and efficiently in vitro to the viral origin (to both 
sites 1 and 2)’, and are presumably unaffected in their ability 
to autoregulate. 

pC2, pC6 and pC11 DNAs were used to transfect both HeLa 
and 293 cells. The results obtained from indirect immunofluores- 
cence assays were clear. Although large-T antigen expression 
in HeLa cells was essentially unaffected by any of these muta- 
tions, all three plasmids expressed large-T antigen efficiently in 
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Fig. 2 S, analysis of SV40-specific RNA from 293 or HeLa cells 
after transfection with the plasmid DNA. Lane M, relative 
molecular mass markers (x10 ~). The sample analysed in the "COS- 
7° lane contained total cytoplasmic RNA from an SV40-trans- 
formed monkey cell line**; the SV40 DNA used to make the cell 
line contains a 6-bp deletion at the Bgll site, which causes the 
transcription start sites to shift downstream by 6 bp relative to wild 
type. The asterisk in the diagram below signifies the labelled end 
of the probe. 

Methods. 25 ug of each plasmid DNA was used to transfect 1.8 x 
10° cells on a 150-mm plate. 48 hours after the addition of DNA 
to cells, the medium was removed, 5 ml of cold TSM (150 mM 
NaCl, 10 mM Tris-HCI pH 7.5, 3 mM MgCl,) was added, and the 
cells were scraped off the plate. The plate was washed with 2 ml 
more TSM and rescraped. The cells were pelleted and washed 
three times with 7 ml of cold TSM for each wash at 4 °C. After the 
final wash, the cells were resuspended in 0.5 ml TSM which was 
brought to 0.6% Triton X-100 (Sigma) and incubated for 5 min 
on ice. The nuclei were pelleted and the supernatant was taken 
and designated total cytoplasmic RNA. This RNA was extracted 
three times with phenol and chloroform, precipitated with 24 
volumes of ethanol and stored in 0.2% sarkosyl, I mM MEDTA 
at —20 °C, 30 ug of total cytoplasmic RNA was hybridized for 4h 
at 43 °C to 10 ng of denatured, double-stranded DNA probe label- 
led at the 5’ end. The DNA probe used was the 311-bp BstNI 
fragment of SV40 extending from nucleotide 160 to 5,902. Nuclease 
S, digestion* was at 43 °C for 30 min with 8 x 10° U ml“ of enzyme 
(Boehringer Mannheim). The digestion products were elec- 
trophoresed through an 8% polyacrylamide-8 M urea sequencing- 
type gel“. The DNA size marker was pBR322 digested with Hpall 
and 5’ end-labelled with T4 polynucleoctide kinase (New England 

Biolabs). 


293 cells, in striking contrast to 293 cells transfected with plas- 
mids encoding a wild-type large-T antigen (Table 1). These 
results were confirmed for one of the mutants (pC6) at the RNA 
level by quantitative S, nuclease mapping (Fig. 1) and show that 
significant quantities of SV40-specific early RNA, with the same 
5' ends as wild-type RNA (in HeLa cells), were produced in 
293 cells, and suggest that super autoregulation is not the basis 
for the absence of large-T antigen expression observed in 293 
cells transfected with plasmids containing a wild-type SV40 early 
region. The results are, however, consistent with a strong repress- 
ion of early transcription resulting from large-T antigen-depen- 
dent, origin-specific DNA replication in 293 cells. 

It was therefore of interest to learn that Calos and co-workers 
had recently obtained evidence that SV40 DNA does indeed 
replicate efficiently in 293 cells (see accompanying paper)*’. To 
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Fig. 3 Southern blot analysis of transfected DNA. 48 hours after 
transfection, low relative molecular mass DNA was extracted from 
60-mm plates by the method of Hirt*®. One-twentieth of each DNA 
sample was used for digestion with 8 units of DpnI (Bethesda 
Research Labs) at 37°C for 5h. Equal amounts of each sample 
were electrophoresed through a 1% agarose (Sigma) gel, transfer- 
red to nitrocellulose (Schleicher & Schull)** and hybridized to 
nick-translated pSVRI probe. sc, supercoiled, nc, nicked circles, 
ori , pSVRlori . 


test whether this was so in our system, Hirt supernatants*” were 
prepared from cells transfected with different plasmids and 
aliquots were incubated with the restriction endonuclease Dpn I 
(this enzyme only cleaves DNA grown in bacteria and therefore 
methylated at the adenosine residue in its recognition signal). 
DNA samples were then analysed by the method of Southern?’ 
and plasmid DNA was detected by hybridization with nick- 
translated’ pSVRI DNA. Only DNA that replicated in the 
animal cell will remain intact (that is supercoiled or nicked 
circles) after treatment with Dpn1; non-replicated DNA will be 
digested to small fragments. Significant quantities of Dpnl- 
resistant (replicated) DNA were present in samples from cells 
that had been transfected with pSVRI (Fig. 3). Plasmid DNA 
from cells transfected with pBR322, pSVRI ori or pC6 were 
digested to completion. We conclude that pSVRI does indeed 
replicate in 293 cells, and that this replication requires an intact 
origin of replication and a functional large-T antigen. 

Because mutations that block replication activate the synthesis 
of large-T antigen, we wondered whether chemical inhibitors 
of DNA replication might allow early gene expression to occur 
in 293 cells. To test this hypothesis, we carried out transient 
expression assays in the presence or absence of cytosine arabino- 
side or hydroxyurea, known inhibitors of SV40 (and cellular) 
DNA replication, and monitored large-T antigen expression by 
indirect immunofluorescence. The results (Table 1) show that 
large-T antigen-positive cells could indeed be detected following 
transfection of 293 cells in the presence of either drug. Although 
the percentage of cells expressing large-T antigen was low 
(caused at least in part by a toxic effect of the drugs; large-T 
antigen expression with pSVRI ori was in fact reduced by the 
drugs), significant numbers of positive cells were detected in 
each of four separate experiments. This contrasts sharply with 
results obtained in the absence of the drugs, where we have 
never detected a large-T antigen-positive cell. That the observed 
activation of large-T antigen expression was a result of the 
inhibitory effect of the drugs on DNA replication is supported 
by the observations of Lebkowski et al’, who obtained results 
essentially identical to ours, except that in their experiments 
DNA synthesis was blocked with aphidicolin. These results 
strongly suggest that viral DNA replication represses early tran- 
scription in 293 cells. 

This situation seems paradoxical: early transcription is 
necessary to produce large-T antigen, which is in turn required 
for viral DNA replication to occur. Thus, we propose that small 
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amounts of large-T antigen are synthesized in transfected 293 
cells, and that this amount is sufficient to catalyse DNA replica- 
tion, which then further represses early transcription. Our results 
thus raise the possibility that either much lower levels of large-T 
antigen than previously thought are sufficient to bring about 
DNA replication and/or that its role in DNA replication in 293 
cells is different from its action in permissive cells. 

An interplay between DNA replication and transcription is 
not without precedent. For example, in several prokaryotic and 
eukaryotic viruses, shifts from ‘early’ to ‘late’ gene expression 
are associated with the onset of viral DNA replication. Although 
the so-called late promoter of adenovirus is active at very early 
times after infection*’**, the entire late transcription unit is not 
expressed until late times. DNA replication seems to be required 
for the RNA polymerase to traverse the entire transcription 
unit“; that is, changes in the DNA template brought about by 
replication seem to affect its interaction with RNA polymerase. 

Several other examples suggest an inverse correlation between 
DNA replication and transcription. For example, transcription 
from the human a-globin promoter is increased ~50-fold in 
transient expression assays when the gene is contained on 
replicating, relative to non-replicating, plasmids; however, 
transcription from the B-globin promoter is not affected by 
replication”. Additionally, DNA replication is necessary to 
bring about repression of silent mating type loci in yeast” 

Why are 293 cells proficient at SV40 DNA replication? The 
notion that an adenovirus Ela and/or Elb gene product is 
involved is strengthened by the findings”? not only that human 
embryonic kidney (HEK) cells (the cell type from which 293 
cells are derived) are unable to replicate SV40 DNA, but also 
that another independent Ela plus E/]b-transformed HEK cell 
line (JW-2) also supports efficient SV40 DNA replication. We 
suggest that 293 cells have higher concentrations of factors 
required to replicate SV40 DNA. For example, the concentration 
of topoisomerase I is 10-fold greater in 293 cells than in HeLa 
cells”. This may result from the known ability of Ela-encoded 
proteins to activate gene expression. 

We thank C. Prives and M. Botchan for stimulating conversa- 
tions during this work, C. Prives for her comments on the 
manuscript, M. Calos for communicating her results to us before 
publication, G. Blanck for supplying nick-translated pSVRI in 
the early stages of these experiments, and Y. Gluzman for 
providing plasmids. Technical assistance was by H. Thomas and 
R. Mathews. This work was supported by NIH grants GM28983 
and CA33620. 
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During the past few years, several methods have been developed 
for the detection of specific nucleic acid sequences by in situ 
hybridization using non-radioactive labels such as fluorochromes, 
cytochemically detectable enzymes and electron-dense markers’ ~* 
These methods are preferable to autoradiography in terms of speed 
of performance and topological resolution. Their limited sensitiv- 
ity, however, has so far restricted their use to the detection of 
repeated sequences. Here we report single gene detection with a 
procedure using 2-acetylaminofluorene (AAF)-modified probes, 
immunoperoxidase cytochemistry and reflection-contrast micro- 
scopy. We confirmed the autoradiographic data on the localization 
of the human thyroglobulin (Tg) gene to the distal end of the long 
arm of chromosome 8 (ref. 5). A mixture of cosmid cCHT2-derived 
subclones of the 3’ part of the Tg gene, 22.3 kilobase pairs (kbp) 
in total, was used as a hybridization probe. This procedure can be 
used to map other unique sequences, if genomic clones are available 
from which clones with an appropriate amount of inserts can be 
_ isolated. 

In non- autoradiographic procedures, labels are either coupled 
directly to the probe®’ or introduced via specific antibodies after 
hybridization with haptenized probes**®. The procedure 
described here is an example of the latter, in which the nucleic 
_ acids are chemically modified with N-acetoxy-2-acetylamino- 
fluorene (N-AcO-AAF). This compound reacts mainly at the 
C-8 position of guanine, yielding N-(guanin-8-yl)-AAF 
_ adducts’. Using anti-AAF antibodies and a fluorochrome-conju- 
gated second-layer antiserum, we could localize high- and 
middle-repetitive sequences on mammalian metaphase chromo- 
somes'’. Recent developments in the visualization of in situ 
hybridization results have prompted us to investigate whether 
this procedure could be used for the detection of unique 

. Sequences. The Tg gene was used, because the gene is well 
 eharacterized'''* and recently localized by more conventional 
methods such as Southern blot analysis of human-rodent 
ic cell hybrids with human-specific chromosomal losses 
situ hybridization with titrated probes’. 
; stablish a non-autoradiographic assignment of the Tg 
gene, hybridizations in situ with AAF-labelled probes were 
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performed. A mixture of seven single: -copy subclones derived a 
from. cosmid cHT2 was used to- eliminate highly repeated = 
sequences in genomic cosmid DNA. This cosmid contains = 


45 kbp, 38 kbp of which comprise the 3' end of the Tg gene’ 
The subclones cover a total of 22.3 kbp, including 3 of the 5 
exons in this region (0.55 kbp in total), ~20 kbp of intronic 
DNA and 2 kbp of 3'-flanking sequences'* (Fig. 1). The DNA 
of these recombinant plasmids was sonicated to a single- 
stranded (ss) length of ~400 bases and modified with N-AcO- 
AAF to a substitution degree of about 5% '°. The probe mixture 
was hybridized to metaphase spreads of cultured human lym- 
phocytes and detected by means of an indirect immuno- 
peroxidase reaction. 

The diaminobenzidine (DAB) precipitates, deposited at the 
chromosomal sites of hybridization, were observed with reflec- 
tion-contrast microscopy'*'*. This type of microscopy allows 


the visualization of reflection, rather than absorption of incident i : 
light by the dye precipitate. The light is reflected: because of a oo 
critical difference in the refractive indices of the stained structure 


and the embedding medium, a phenomenon termed anomalous 
dispersion’. Because the DAB precipitate does not dissolve or 
recrystallize, these preparations are permanent and can be evalu- 
ated under the microscope several times without loss of detail. 
in addition to the specific hybridization signal, a low level of 
overall chromosome staining can be observed. This eliminates 
the need for a supplementary total DNA counterstain (Fig. 2). 
The applied combination of in situ hybridization and visualiz- 
ation also produces a banding pattern in the chromosomes 
resembling R-bands'®. Although the banding is not as detailed 
as can be obtained with, for example, a routine G-banding 
procedure”, the chromosomes can be karyotyped. Direct micro- 
scope evaluation of the chromosomes is possible but a higher 
contrast is obtained on photographs taken from the metaphases. 
Standard banding protecols, when tested, had the disadvantage 
that specific hybridization signals could no longer be distin- 
guished from the other staining results, 

The exact localization of the Tg gene was determined by 
analysing the distribution of DAB reflection signals from 40 
metaphase spreads of a representative slide. The scoring was 
performed from photographs of randomly selected metaphases 
by two observers who were unaware of the gene involved. 
Different types of signals can be seen (Fig. 2), as dust particles 
or other contaminants present in the incubation solutions or 
immersion oil can cause reflection of the incident light. These 
background signals can be readily distinguished from DAB 
reflection by a few criteria, such as a different colour (blue 
instead of yellow), a halo effect, or a difference in focus plane 
between the signal and the chromosomes. Of the total of 99 
chromosomal sites labelled, 36 (36% ) were located at the end 
of the long arm of chromosome 8 and the remainder were 
randomly distributed over the chromosomes (Fig. 3). More 
illustrative, 45% of the individual metaphases showed one or 
more chromatids of chromosome 8 containing a signal at the 
q24 band. In-several instances, all four chromatids of a single 
metaphase spread were positive (Fig. 2a). The fact that not every 
possible specific hybridization site reacts, can at least partly be 
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Fig.2 Non-autoradiographic in 
situ hybridization of single-copy 
human Tg gene probes. Two 
examples of metaphases, which show 
in addition to the specific signals a 
weak overall DNA staining and an 
R-banding pattern, are shown. a, 
Each of the four chromatids is 
labelled at the end of the long arm 
of chromosome 8 (arrows). b, Both 
chromatids of one chromosome 8 are 
positive. In the latter metaphase, a 
DAB signal, which was also scored 
(Fig. 3), is indicated as well. A few 
background signals showing halo 
effects are marked by bars. Original 
magnification 1,000. 

Methods. A mixture of seven recom- 
binant plasmids, derived from the 
3'-end Tg cosmid clone cHT2 (see 
Fig. 1), was used as a probe. These 
plasmids, containing 22.3kbp of 
unique fragments of the gene in total, 
were modified with AAF and hybrid- 
ized to human metaphase prepar- 
ations. The hybridized probes were 





detected by an indirect immunoperoxidase/diaminobenzidine reaction in combination with reflection-contrast microscopy. Chromosome 
preparations of cultured human peripheral blood lymphocytes were made according to conventional methods. Amounts of 1 pg DNA of each 
probe were pooled, sonicated to a'ss length of ~400 bases, and labelled with N-acetoxy-2-acetylaminofluorene ( N-AcO-AAF) to a substitution 
degree of about 5% (ref. 10). After purification the nucleic acids were dissolved at a concentration of 15 ng yl”! in the hybridization mixture, 
containing salmon sperm DNA (750 ng pl '), formamide (50%, v/v) and 2*SSC (0.3 M NaCl, 30mM Na-citrate, pH 7.0). Five ul of this 
mixture were applied per microscopic slide and hybridized for 18 h at 37°C. The slides were denatured for 5 min in 0.07 M NaOH in 70% 
ethanol and treated for 15 min at 37 °C with proteinase K (10 pg per 100 ml 20 mM Tris-HCl, pH 7.5, 2mM CaCl,) prior to the hybridization. 
Immunocytochemical detection occurred through subsequent incubation with a rabbit anti-AAF serum (diluted 1:500 in phosphate-buffered 
saline (PBS) containing 2% normal serum and 0.05% Tween 20; SERVA), and a peroxidase-conjugated goat anti-rabbit serum (DAKO, 
diluted 1:50 in the same buffer) for 1 h at room temperature each. The slides were washed 3 times for 10 min in PBS between and after the 
incubations. The preparations were then stained with 0.01% 3,3'-diaminobenzidine tetrahydrochloride (Merck) and 0.01% HO, in 0.05 M Tris- 
HCl, pH 7.6 for 20 min at room temperature in the dark. After rinsing with PBS (3 times for 10 min), the preparations were dehydrated, 


air-dried and visualized by reflection-contrast microscopy’, 


explained by loss of chromosomal DNA. We have found that 
under optimal conditions this loss still equals ~30% of the 
DNA initially present (Raap et al., in preparation). In control 
experiments, which included both unrelated AAF-modified 
probes and unrelated primary antibodies on hybridized slides, 
no significant labelling was observed. 

This ‘statistical localization’ is typical of autoradiographical 
chromosomal mapping of single-copy genes'**'”. The reported 
assignment of the Tg gene to the 8q24 band in situ’, obtained 
by the use of a similar set of probes, required the observation 
of a significant number of silver grains in 50 spreads. However, 
those results could only be evaluated after exposure times vary- 
ing from 2 to 3 weeks, whereas our slides can be viewed the 
next day. Another disadvantage of autoradiography is the loca- 
tion of most of the silver grains near the hybridized probe, rather 
than on the chromosome itself, because of the thickness of the 
emulsion. 

In its present form the technique allows for the first time the 
non-autoradiographic detection of single-copy genomic sequen- 
ces. In terms of slide preparation before hybridization, two 
elements are significant: the addition of alcohol to the denatur- 
ation mixture, which is important for the preservation of DNA 
sequences'’, and the application of proteinase K in enhancing 
accessibility for the antibodies*’. The use of a set of unique 
recombinant plasmids as a hybridization probe and reflection- 
contrast microscopy may further account for the sensitivity 
obtained. This method of visualizing DAB precipitates favour- 
ably compares with absorption microscopy'*; DAB signals on 
these preparations (both. the banding pattern and the hybridiz- 
ation signals), for example, are not visible with the latter method. 

Other unique genes can be localized by the strategy of using 
flanking sequences in combination with coding fragments. The 
necessary subcloning of single-copy segments from large 
genomic clones is not a disadvantage and usually required for 
gene characterization. The precise lower detection limit of the 








9q |p 9 
1 2 3 4 | 5 
2 
w 
C 
2 x! 
9 " 
b 
© . E 
o . 
© =>. >. >. . =. . > EE E e lee -= 
£ ptp El a i ea 4 
P CEP a lp alpalp alp aie a 








9 | 10/11 | 12 | 


slg 
x 


Fig. 3 Distribution of DAB reflection signals over metaphase 
chromosomes. Human chromosome preparations were hybridized 
with the AAF-labelled Tg probe mixture, visualized by means of 
the immunoperoxidase/ reflection-contrast combination described 
in Fig. 2 legend and 40 randomly selected metaphases were ana- 
lysed. The chromosomes were karyotyped by the R-banding pat- 
tern, which is provided by the procedure itself. The DAB reflection 
signals were scored and are marked as filled squares (W) above 
the schematic representation of the corresponding chromosome. 
Ten signals are indicated as filled circles (@). Thirty-six chromatids 
of chromosome 8 exhibited a signal at the distal part of the long 
arm (8q24 band), representing 36% of all labelled sites (99 in total) 
throughout the chromosome complement. This unambiguously 
confirms earlier autoradiographic data” on the localization of the 
Tg gene. 
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procedure has not yet been determined, although it may be 
lower than the 22.3-kbp genomic DNA used here. Furthermore, 
the sensitivity of the method can still be improved at various 
levels of the procedure, for example, by optimalization of the 
hybridization efficiency. (The application of pure ssRNA, 
obtained by in vitro asymmetrical transcription of recombinants 
with SP6 RNA polymerase” has been reported to result in an 
eightfold increase of the in situ hybridization signals.) 
Improvements also seem possible at the level of immuno- 
cytochemical detection. The use of the streptavidin biotinylated- 
peroxidase system in combination with AAF-modified probes 
has proved to be advantageous over an indirect peroxidase 
reaction’. With such refinements, the localization of smaller 
single-copy fragments should be feasible. The speed of detection 
and the high resolution of the technique should greatly favour 
its applicability for the localization of structural genes or break- 
points in chromosomal rearrangements. In particular, the deter- 
mination of the orientation of loci within a chromtosome™ would 
benefit from a non-autoradiographic approach. 
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Genes encoding types I, II and III collagens (fibrillar collagens) 
contain many discrete-size exons, most of them 54 base pairs (bp) 
long, in addition to the 45-, 99-, 108- and 162-bp exons’. It has 
been suggested*® that these collagen genes evolved from an ances- 
tral coding unit of 54 bp. Type IV collagen is a specific component 
of basement membranes and contains two genetically distinct 
polypeptides, the a 1(1V) and @2(IV) chains’~”. It differs from the 
types I-III collagens i in that it contains interruptions in the Gly-X- 
Y repent sequence’’-"* and does not form ordered fibrillar struc- 
tures". We have isolated complementary DNA and genomic 
clones for the mouse @2(IV) collagen chain and here characterize 
64-, 123- and 182-bp exons in the Gly-X-Y coding domain of the 
gene. The data suggest that the a2(IV) collagen gene may have 
evolved differently from those encoding the fibrillar collagens. 
From a mouse parietal endoderm (PE) cDNA library'* 

isolated a cDNA clone which by messenger RNA hybrid selec- 
tion and in vitro translation was shown to be specific for one 
of the type IV collagen chains. In Northern analysis (Fig. 1) 
this cDNA, PE69 (430 bp), hybridizes to a 6.4-kilobase (kb) 
RNA, distinct from the major 6.8-kb and minor 6.2-kb RNA 
species which hybridize with a mouse cDNA probe specific for 
a@1(IV) collagen chain (refs 14,15 and M.K. et al., in prepar- 
ation). The nucleotide sequence of PE69 cDNA was determined 
and an amino-acid sequence of 143 residues was derived from 
it which contained Gly-X-Y repeats with three interruptions 
(Fig. 2). This sequence overlapped and was nearly identical with 
the partial protein sequence available from mouse and human 
«2(IV) collagen chains'®. From these results we conclude that 
the mouse PE69 cDNA, reported here, is specific for the a2(1V) 
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Fig. 1 Northern hybridization. Total cellular 69 131 
RNA (10 ug) of mouse embryo parietal endoderm 
cells (lane 2) and F9 embryonal carcinoma cells 
(lane 1) were run on an agarose - formaldehyde 
gel and transferred onto a nitrocellulose filter. 
One-half of the filter was hybridized with the PE69 
cDNA probe and the other half with an a1(IV) 
collagen-chain-specific CDNA probe, PE131 (refs 
14, 15). These probes hybridized to a 6.4-kb RNA 
(arrowhead) and a major 6.8-kb and minor 6.2-kb 
RNA, respectively, visible only in lane 2. As re- 
ported previously , mouse parietal endoderm 
cells synthesize 100-fold more type IV collagen 
than do the F9 embryona! carcinoma cells. Size 
markers were mouse ribosomal RNAs’! visualized 
in the gel by ethidium bromide staining. 
Methods. A cDNA expression library was con- 
structed from total poly(A) RNA of 13.5-day 
mouse embryo parictal endoderm (PE) cells by 
the double-linker method*>. The double-stranded | a et, GO : 
cDNA, with an EcoRI linker at the end corre- 

sponding to the 5' end of the mRNA and a Sall linker corresponding to 
the 3’ end of the mRNA, was digested to completion with both EcoRI and 
Sall and size fractionated on a Sepharose 4B column. cDNAs ~500 bp and 
larger were then ligated to EcoRI/Sall double-cut vector pUCS8 (ref. 23). 
Transformation of Escherichia coli strain DH- 1 with recombinant plasmids 
was carried out as described previously~*. The bacteria were plated onto 
82-mm nitrocellulose filters overlaid on ampicillin (50 yg ml‘) plates to 
give 1,000-2,000 colonies per filter. For long-term storage at —70 °C, colonies 
were replica plated | onto nitrocellulose filters and replicas were grown on 
5% glycerol plates’. Duplicate filters of the PE cDNA expression libra 
(~25,000 colonies) were screened with antibodies as described } previously 
using a mixture of antisera against mouse laminin and entactin™” and mouse 
PYS-2 cells”, a teratocarcinoma-derived PE cell line that produces large 
amounts of type IV collagen. After this ‘shotgun’ screening nine signal clones 
were selected for further analysis by Northern hybridization, mRNA hybrid 
selection and in vitro translation'*. One clone (pPE69) was found to hybrid 
select mRNA for a polypeptide of 168,000 relative molecular mass, similar 
in size to one of the in vitre synthesized chains of mouse type IV collagen’. 
The mouse library was constructed in the hope that cDNA clones expressing 
sequences for basement membrane components or other abundant PE pro- 
teins could be identified directly by immunological screening. Indeed, in 
separate experiments, one CDNA clone expressing a fragment of mouse 
laminin B2 chain was isolated by this technique”. However, isolation of 
the pPE69 clone from the PE cDNA expression library by antibody screening 
was only fortuitous, Sequence analysis of PE69 cDNA revealed, quite 
surprisingly, that the DNA strand corresponding to mRNA is in the wrong 
orientation for expression in the pUCS8 vector (Fig. 2). 


collagen chain. At present, the exact position of this sequence 
within the 1,740-amino-acid'’ a@2(IV) collagen chain is not 
known. However, the mouse protein sequence (Fig. 2) represents 
the N-terminus of pepsin fragment P2, of relative molecular 
mass 70,000, which is located near the N-terminal end of the 
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line: amino-acid sequence encoded by the cDNA. Third line: partial amino-acid 
— sequence of the a2-chain of type IV collagen from mouse tumour'®. Fourth line: 
partial amino-acid sequence of the @2-chain of type IV collagen from human 
placenta’®, Symbols: —, amino-acid sequence which is the same as the cDNA-derived 
amino-acid sequence: x, unidentified amino-acid sequences marked by lines interrupt 
the Gly-X-Y repeat sequence. The numbering of nucleotides is for reference purposes 
only. On its 5’ end, the PE69 cDNA sequence is flanked by a Sall octanucleotide 
linker sequence used for the cloning. The EcoRI recognition sequence on its 3’ end, 
however, is present in the cDNA itself, as shown by sequence analysis of genomic 
DNA (Fig. 4). The PE69 cDNA-derived amino-acid sequence differs from the mouse 
protein sequence in five positions. Also, an additional Gly residue in the protein 
sequence’ is present between nucleotides 324 and 325. Because both strands of the 
cDNA were sequenced with compatible results and because we have carefully 
examined the sequencing gel data in the respective regions, we consider it unlikely 
that this variation is a result of an erroneous DNA sequence reading. In addition, 
the cDNA-derived sequence established that seven previously unidentified amino- 
acids were lysine. The lysyl residues in these positions are presumably modified 
Coco post-translationally to glycosylated hydroxylysine and therefore not detected during 
“amino-acid sequencing. 
Methods. For sequencing according to the protocols of Maxam and Gilbert”, pPE69 
DNA was cut with EcoRI and the ends were labelled using T4 polynucleotide kinase 
and [ y- P]dATP. The end-labelled 430-bp cDNA was isolated by Sall digestion and 
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Fig. 2 Nucleotide sequence and encoded amino-acid sequence of the mouse aX IV) | 
collagen chain. First line: nucleotide sequence of the mouse PE69 cDNA. Second. 
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Salt Asp Arg Gly Fro Pro Gly Pro Pro Pro Leu Ile Leu Pro Gly Met 
linker - + = 
- Pro ~ one ~ ~ - - ~ Yal ~ ~ ” m -~ 


AAG GAC RTC AAG GOA GAA AAG GGA GAT GAA GGA CCA ATG GUU CTG AAR GGG 
ys Asp tie Lys Gly Glu Lys Gly Asp Glu Gly Pro Met Giy Leu Lys Gly 
= =- m x “ - x. = ~- - ~ æ - - ~ ¥ 


one 


5 æ ” Gly n ~ xX ~ ~ - w m - m w x ” 


TAT CIG GGC TTA AAA GGC ATC CAA GGA ATG COE GGA GTC CCC GGA GTG TCT 
Tyr Leu Gly Leu Lys Gly Ile Gin Gly Met Pro Gly Val Pro Gly Val Ser 
a fa z -= X m ç w = A ps - i ae 


- - - - X ~ ai S ad ~ = ~ Tie ~ ~ feu Gly 


GGA THC CCT GGG CTA CCT GGA AGG CCT GGC TTC ATC AAA GOA GTC AAG GGA 
Gly Phe pro Gly Leu Pro Gly Arg Pro Gly Phe Iie Lys Gly Val Lys Gly 
a XX x - x ~- 


~ Iie m ” - a - ” ua an ~ ” 





GAC ATC GGA OTC COP GG ACA CCA GGO TTG CCG GGA TIO COT GGG GTG PIT 
Asp Yle Gly Val Pro Gly Thr Pro Gly Leu Pro Gly Phe Pro Giy Val Ser 


=» -” ae ~ ~ ae "w Eo 


GOC CCT COT GGA ATT ACC GGG TTT CCA GGA TTC ACA GGC AGC CGG GGC GAG 
Gly Pro Pro Gly Ile Thr Gly Phe Pro Gly Phe Thr Gly Ser Arg Gly Gin 
W a = ~ Leu Bis -~ = m ~ Asp 


AAG GGT ACT CCA GGA GTA GCA GGA GTT TTT GGC GAG ACC GOC COT ACT Gag 
Lys Gly Thr Pro Gly Yal Ala Gly Val Phe Gly Glu Thr Gly Pro Thr Gly 
KR = = © = « Asp -liye =o eee me mm 

Tyr ~ - fle =- Ala -~ ~- 


GAC TTT GGT GAC ATT GGG GAC ACT GTG GAC TTA CUA GOG GGC CCA GUE Ot 
Asp Phe Gly Asp Ile Gly Asp Thr Val Asp Leu Pro Gly Gly Pro Gly Leu 


am d a m ~ ~ æ- 





e "= a m ç u = -~ Ije Aan ~ ~= ~ BER > = = 


AAG GGG GAA CGG GHC ATS ACG GGA ATT C 
Lys Gly Gls Arg Gly Tle Thr Gly Ile 


=- The - = 


X os an æ 


“polyacrylamide gel electrophoresis. To obtain the sequence of the complementary strand, pPE69 was first cut with Sall, end-labelled and then 
- gut with EcoRI. For sequencing by the dideoxy method*’, using **S-dATP (ref. 31) and reverse transcriptase”? (Seikagaku America Co.), PE69 
CONA insert was released by EcoRI/ Hindili digestion and cloned into similarly cut Mi3mp8 vector. 
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chain'®. Thus, the PE69 cDNA originated near the 5‘ end of the suggests that four of the exons detected by heteroduplex analysis 
mRNA. | map close together within the 1.1-kb EcoRI fragment. When the 

Using the PE69 probe, 1,100-bp cDNA clone (pE18) was nucleotide sequence of this fragment was determined, the 
isolated from the mouse PE cDNA library. Sequence analysis sequences of three adjacent exons containing 64, 123 and 182 bp 
showed that this cDNA contains the PE69 sequence at its 3 could be established (Fig.4). Comparison with the cDNA 
end and, thus, that the PE18 cDNA extends 5’ about 650 bp sequence (Fig. 2) showed no nucleotide differences. These exon 
(data not shown), Mouse A libraries were screened with the lengths agree well with those measured by electron microscopy 
PE69 probe to isolate genomic clones for the a2(TV) collagen and thus confirm the alignment of the restriction map and exon 
gene. By heteroduplex analysis, PE18 cDNA was found to distribution map. The complete sequence of the fourth exon (at 
hybridize to at least seven small exons of 60-200 bp in one least 72 bp) remains to be determined because it extends beyond 
genomic clone, HA3. After examining 20 heteroduplex the 3’ end of the 1.1-kb EcoRI fragment. 
molecules, sizes of the exon and intron sequences were measured The 64-, 123- and 182-bp exons in the Gly-X-Y coding domain 
to generate the exon map shown in Fig. 3. In the EcoRI restric- of the mouse a2(IV) collagen gene, reported here, differ in 
tion endonuclease map of this genomic clone (Fig. 3), only the several respects from those characterized so far in other types 
1.1-kb fragment hybridized to the PE69 probe, whereas the PE18 of collagen genes. First, in the fibrillar collagen genes (types 
probe, a 5’ probe (see above), hybridized to the 1.1-, 1.4- and I-III), most exons are 54 bp long and others are 45, 99, 108 and 
2.8-kb fragments and established the 5’ to 3’ orientation of the 162 bp long, that is, they all are multiples of 9bp'*. This 
genomic clone. As shown (Fig. 3), alignment of the two maps conservation of exon sizes has led to the suggestion’ that the 


Fig. 3 Partial exon map. a, Mouse a@2(IV) collagen genomic clone 
HA3 was mapped with restriction endonucleases; the sites for 
EcoRI and Kpni (K) are shown. S and L refer to the short and 
long arms of the Charon 4A vector, respectively. Numbers denote 
the sizes in kilobases of the EcoRI fragments. The position of a 
150-bp EcoRI fragment, present in this clone, remains to be deter- 
mined. An 1,100-bp mouse a2(IV) collagen cDNA probe, PE18, b K 
_ hybridized to the 2.8-, 1.4- and 1.1-kb fragments (asterisks). b, 
-Heteroduplexes were formed between the PE18 cDNA and 
genomic clone HA3, analysed by electron microscopy, and the 
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sizes of exons and introns measured. The results of these experiments are shown in the schematic drawing. PE18 cDNA hybridized to seven 


exons (vertical bars) of 60-200 bp. The exons are numbered 1-7 for reference purposes only. The horizontal line between the exons represents 


the approximate sizes of the introns. In addition, the following intriguing results were noted. Introns 2 and 3 (between exons 2 and 3, and 3 


~ and 4; respectively) often. hybridized to each other, indicating that they contain inverted repeat sequences. Also, in many heteroduplexes, the 


x 3' genomic DNA hybridized to intron 2 and the 5’ genomic DNA to intron 3. 


- Methods. A A library of HaelIl/ Alul-digested mouse liver DNA (P. Leder, personal communication) was screened” with the PE69 cDNA 


> probe. One clone, HA3, containing ~16kb mouse DNA was selected for further studies. With the PE69 probe, a 1,100-bp cDNA clone 





(pPE18) was isolated from the mouse PE cDNA library. Sequence analysis showed that the PE18 cDNA contained the PE69 sequence on its 

3’ end, Similar to the PE69 cDNA, PE18 cDNA also contained a Sall linker sequence on its 5’ end and an EcoRI site on its 3’ end. To 
~ determine the 5’ and 3’ orientation of the HA3 clone, EcoRI fragments were run on agarose gel and first hybridized™ with the PE69 probe, 
O then rehybridized with the PE18 probe. Heteroduplexes formed between the PE18 cDNA and the genomic clone HA3 were analysed by 
electron microscopy as described previously’>*. For these experiments, to remove most of the vector sequences, HA3 DNA was cut with 
KpnI, which cleaves within the mouse DNA about 500 bp from its 3’ end and removes the long arm of the Charon 4A vector. On its $’ end, 
7.5 kb of short arm sequence remains after the KpnI digestion. The pPE18 cloned in pUC8 was cut with Ddel to produce a molecule in which 
the 1,100-bp cDNA remains flanked by vector sequences, 250 bp at its S’ end and 650 bp at its 3’ end. To determine the 5’ and 3’ orientation 
of the HA3 clone by electron microscopy, heteroduplexes were formed using pPE18 DNA cut with EcoRI, which leaves the cDNA flanked 
- by the 2.7-kb pUC8 vector sequence on its 5’ end. In such heteroduplexes, a long DNA stretch was seen at the end with the large intron sequences. 
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4 423 Ekecagos ARC CGA UGA GAC CSG GGG CCC CCA GGA OCA COT fot cre ATC CIG ces GOG ATG 


Giy Lys Arg Gly Asp Arg Gly Peo Pro Gly Pro Pro Pro Ley Ila Leu Pre Rly Met 


AAG GAC ATC AAG GGA GAA AAS GGA GAT GAA SCA CCR ATO SOO CFG ARA OGG TAT cng 
Lys Asp Tle Lys Gly Glu bys Gly Asp Gle Gly Pro Met Gly Leu Lys Giy tyr Lew 


SGT TTA ABA Ggtagac | 
“iy beu Lys 


chavagct AT? CAA GUA ATG OFC GGA GTC OCC GGA DIS TOT GGA TTC OUT GGG CTA CCT SGA 
Giy Tle Gln Gly Met Pro Gly Val fra Gly Val ser Gly Phe Pro Gly Lee Pro Gly 


AGG COTY GSC TIC AC ARR GGA GI AAG GGA GACT ARC GGA GIT COT GOC ACA cea cer 
arg Pre Gly Phe Lie Lys Gly Val Lys Gly Aap Lie GLy Val fro aly Thr Pro Gly 


TRG CLG GGA TE! COP GGG GTG TCT GGC Cot CCT BGA ATT ACC GGO TTE COA GGA TIC 
Leu Pro Gly Phe Pro Gly Val Ser Gly Pro Pro Gly tle Thr Gly Phe Pro Gly She 


ACA GUC AGC Cougregty 
fhe Gly Ser arg 


EDERA GAG AAG GOT ACT CCA GGA GTA SCA GOA OFT trr au GAG ACT GGT COT ACT GOG 
ly Glu Lys Giy The Pro Gly Vai Ala Gly Vai Phe Giy Glu Thr Gly Pro Thr uiy 


CAG TET Geytqagt 
Asp Phe 


teseagGe? GAC ATT GOG GAS ACT GPG GAC PTA OCA SoG dsc CHA CGC OFS ARG GGG SAA OGG 
Gly Asp Ile Gly Asp fhe Val Asp Lew Pro Gly Gly Pre Gly tea Lys Giy Giu Arg 


GO ATC ACG GGA ATT ¢ 
Giy tle The Giy Tle 


Fig. 4 Mouse a2(IV) collagen gene contains 64-, 123- and 182-bp 

exons. The sequences of three exons were determined from the 

nucleotide sequence of the 1.1-kb EcoRI fragment of the genomic 
clone HA3 (Fig. 3). Exons are numbered as in Fig. 3. Because of 

oo the nucleotide redundancy, boundaries of the intron between exons 
~ 6 and 7 were chosen to be consistent with consensus splice sites?” 

- (underlined). The sequence of exon 7 (at least 72 bp) extends 

~ beyond the 3’ end of the 1.1-kb EcoRI fragment. 

. Methods. The genomic clone HA3 was digested with EcoRI and 
the fragments were ligated to EcoRI-cut and phosphatase-treated 
pUC13 vector (Pharmacia PL Biochemicals). After transformation 
of DH-1 cells, clones containing the 1.1-kb EcoRI fragment were 
isolated using the PE69 cDNA probe. This fragment was partially 

sequenced by the Maxam-Gilbert technique”. For dideoxy 
sequencing, this fragment was cloned in both orientations into 
EcoRt-cut and phosphatase-treated M13mp18 vector”, and after 
Pst] digestion the 300- and 800-bp fragments were cloned into 

EcoRI/ Psti-cut M13mp8 vector. 


fibrillar collagen genes have evolved by amplification of an 
ancestral 54-bp exon unit embedded in intron sequences. Exon 
sequences other than 54 bp presumably were derived from later 
recombination events between the 54-bp exons”*®. Second, in 
the fibrillar collagen genes, exons coding for the Gly-X-Y repeat 
sequence always start with an intact glycine codon. In this 
respect exons in the a2(IV) collagen gene are also different. 
Three out of the four exons characterized here start with a 2/3 
intact glycine codon (Fig. 4). Third, in the fibrillar collagen 
genes, the third base in Gly and Pro codons is almost always 
U or C (ref. 1). However, such an unusual third-base preference 
is not seen in the @2(IV) collagen gene. Thus, in the 46 Gly 
codons examined (Fig. 4), the third-base frequency for G, A, U 
and C was 0.22, 0.43, 0.04 and 0.31, respectively, and in the 
24 Pro codons, 0.08, 0.37, 0.42 and 0.13, respectively. These 
<- Fesults. suggest that the a@2(IV) collagen gene is structurally 
different and may have evolved independently from the fibrillar 
collagen genes. 

Similar results to those described here have also been obtained 
_ by analysis of mouse a1(IV) collagen gene (Y. Yamada et al., 
personal communication). All the exons ‘characterized so far are 
distinct from the exon sizes found in fibrillar collagen genes. In 
addition, other novel exon sizes have recently been described 
-in the chicken a1(IX) and @2(IX) collagen genes'®. Type IX 
collagen is very unusual in that it contains three triple-helical 
domains separated by non-collagenous domains. It is of interest 
_ that 5 out of the 11 exons characterized start with a 2/3 intact 
| Gly codon similar to the type IV collagen exons reported here. 
_ Based on the exon structure, fibrillar collagen genes were pro- 
~~ posed to belong in one class and type IX collagen genes to 
-another separate class'*. It remains to be seen whether this class 
: s juldalso contain type IV collagen genes. Finally, the inverte- 

brate collagen genes from Drosophila melanogaster? and 
Caenorhabditis elegans™ provide yet another type of exon 
organization. The two small (1 kb) collagen genes isolated from 
C. | legan ‘contain only one or two introns and the analysis of 












the Drosophila collagen gene also shows clearly that it lacks’ 
54-bp coding units. Like the vertebrate type IV and IX collagen: 3 
genes, these genes code for proteins containing several interrup- j 
tions in the Gly-X-Y repeat sequence. 7 
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Spl binds to promoter Sequences and 
activates herpes simplex virus | 
‘immediate-early’ gene 

transcription in vitro 
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During a herpes simplex virus (HSV-1) lytic infection, three classes 
of viral genes are transcribed in a temporally regulated manner’. - 
The HSV-1 ‘immediate-early’ (IE) promoter sequences contain — 
multiple copies of a hexanucleotide sequence, GGGCGG, known 
as a GC box, and one or more copies of an 11-base pair (bp) 
conserved A+T-rich element, designated TAAT GARAT. The 
TAATGARAT elements are thought to mediate the trans-activa- 
tion of IE RNA synthesis by a virion-associated protein(s)”, and 

















the flanking G+ C-rich sequences appear both to potentiate this 


- induction and to direct IE promoter activity in vivo” '*. The 
- similarity of the herpesvirus GC box repeats to those of the simian 
virus 40 (SV40) early promoter'*-"” prompted the in vitro analysis 
- of HSV IE transcription reported here. We show that the mam- 
- malian gene-specific transcription factor Spl (refs 18-20) binds 

to eight distinct regions of the HSV short terminal repeat and 
stimulates transcription 25-fold from the divergent IE-3 (ICP-4) 
and LE-4/5 promoters. 

The long and short unique segments of the HSV-1 genome 
are flanked by paired terminal and inverted repeats that contain 
four of the five IE promoters (see map in Fig. 4). In the present 
study we have focused on an in vitro analysis of transcription 
directed by promoters from the short inverted and terminal 
repeats. The IE-4 and -5 RNAs initiate at equivalent positions 
within the short repeated segments, but splice into unique coding 
regions”! and thus represent distinct transcripts regulated by 
a duplicated promoter region (designated as the 1E-4/5 pro- 
moter). The HSV short repeats also contain an origin of DNA 
< replication (ORI; refs 23-25) and two copies of the IE-3 gene, 





Le which encodes the ICP-4 protein that has a key role in the 


induction of viral early and late transcription”??? 


To facilitate the in vitro analysis of IE gene transcription, we 
used hybrid plasmid constructions in which the IE-4/5 or IE-3 
promoter sequences were fused to the HSV thymidine kinase 
gene (fk) at the tk BglII (+50) site (Fig. 1). RNA synthesized 
in vitro from these hybrid constructs was assayed by primer 
extension with an end-labelled DNA primer complementary to 
tk RNA within the coding region. Optimal expression of the 
IE-3/tk fusion in vitro was found to require sequences from 
41 to —110, upstream of the IE-3 TATA box at position —25 
(Fig. la, lanes 1, 2). These in vitro results resemble those 
obtained on microinjection of LE-3/tk plasmids into Xenopus 
oocytes'*, where a promoter was mapped from position —50 to 
~108 relative to the RNA start site. 

The IE-3 upstream region (—40 to —330) contains eight GC 
box repeats similar to the six tandem direct repeats that bind 
the Spl transcription factor and activate SV40 early RNA syn- 
thesis'?”°. In contrast to the SV40 promoter, however, the IE-3 
repeats are spaced at greater intervals and are present in both 
orientations. To determine whether IE-3 promoter recognition 
is mediated by Spl, the HeLa whole-cell transcription extract 
was fractionated’? and used to reconstitute IE-3 transcription 
in vitro. A combination of the partially purified RNA polymerase 
Il and Sp2 general transcription fractions was insufficient to 
recognize the IE-3 promoter, whereas this combination ts 
sufficient to direct transcription from other RNA polymerase II 
promoters'®. Instead, IE transcription was found to be strongly 
dependent on the addition of the Sp1 fraction (Fig. la, lanes 6, 
7). Spi-dependent transcription was also observed with the —110 
deletion mutant (Fig. 1a, lanes 4, 5), which contains only a 
single GC box. The transcriptional efficiency increases no more 


<>. than threefold in the presence of additional sequences (compare 


Janes 5 and 7 of Fig. ta), and this small effect was detected 
<- opiy in the Spl-reconstituted reaction, A similar 3-5-fold 
enhancement of RNA synthesis by far-upstream sequences 
{—110 to ~330) has also been observed in Xenopus microinjec- 
_ tion experiments'’. The IE-4/5 promoter also contains multiple 
_. GC box repeats that are distinct from the LE-3 repeats in orienta- 
_tion and/or location relative to the RNA start site. Nevertheless, 
transcription from the IE-4/5 promoter was also found to be 
highly responsive to Spl-containing fractions (Fig. 15). 
.... To determine whether this transcriptional activation is medi- 
-ated by sequence-specific interactions of Sp1 with the promoter, 
-as has been demonstrated previously for SV40 (ref. 19), the IE-3 
e promoter was tested for its ability to bind the Spl transcription 
factor in a DNase I footprint experiment”. Isolated fragments, 
end-labelled on either DNA strand, were incubated with various 
amounts of partially purified Spl, subjected to partial DNase I 
digestion and analysed as described in Fig. 2 legend. Five distinct 
regions (I-V) of nuclease protection were found within a 300-bp 
region upstream of the [E-3 RNA start site. Each binding site 
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covers 18-20 bp and is centred about a single GC box, indepen- 
dent of the GC box orientation. The first binding site (—71 to 
—90) lies within the IE-3 promoter sequences mapped in vitro 
(Fig. 1a) and in vivo™”. The other sites are located in the 
far-upstream (—110/—330) region, which does not have a large 
effect on IE-3 transcription in vitro or in the frog oocyte'’, but 
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Fig. 1 Primer extension analysis of RNA synthesized in vitro from IE/ tk 
fusion templates. The promoter regions of the hybrid [E/ tk constructs are 
shown in the schematic drawing. The regulatory region of the TE-3 gene 
(~330 to +26) or the IE-4/5 gene {—420 to +116) was fused to the HSV 
thymidine kinase structural coding sequences at the Bglll (+50) site as 
described elsewhere'’. Note that in vive transcription from these and similar 
hybrid constructs is r ie in a manner indistinguishable from that of 
unaltered IE genes'*:'*. The 5’ ~110 IE-3 deletion mutant has also been 
described (ptkBX7; ref. 13). The ~41 deletion mutant was constructed by 
preparative polyacrylamide gel isolation of a 220-bp fragment (from IE-3 
—41 to tk +180) generated by Nael digestion of the IE-3 ~110 plasmid, 
and ligation into Hincll-digested pUC9 vector’. Short arrows indicate the 
relative location and orientation of the hexanucleotide repeats (GGGCGG); 
solid boxes show the hybridization position of the 24-nucleotide DNA primer 
on the JE/ tk transcript. The primer extension protocol is described else- 
where™". a, b, Autoradiographic exposures (2h at -70°C, with intensifying 
screen} of 8% sequencing gels used to size the labelled DNA fragments 
extended from the hybridized primer to the 5’ ends of the RNA with AMV 
reverse transcriptase. a, Lanes 1-3 show the extension products of RNA 
synthesized from 200 ng of circular plasmid DNA of the —41, —110 and 
~330 IE-3 templates respectively, each contained in a 30- reaction mix- 
turet containing 25 pl (~50 ug} of a 04M KCI heparin-agarose step 
fraction (h.4) of the HeLa whole-cell extract. Subsequent chromatographic 
steps'® yielded the partially purified RNA polymerase II (CL. 225), and the 
Sp2 and Sp! fractions used to reconstitute IE transcription, shown in the 
remaining panels. Comparison of lanes 4-7 reveals the transcriptional 
efficiency of the —110 and ~330 IE-3 templates in the absence or presence 
of 8 ul Spt (4g: 12 pl (36g) RNA polymerase IH, 41 (2 ug) Sp2 per 
50-pl reaction) (+and-—indicate the presence or absence of Spl, respec- 
tively). Arrows indicate the fragment sizes expected for accurately initiated 
RNA transcripts. The transcription level in the Spi-reconstituted reaction 
is 2-3 times higher than that observed in the h.4 fraction. Additional evidence 
that IE-3 RNA synthesis is Spl-responsive derives from the observation that 
the promoter-specific factors required for [E-3 and SV40 early gene transcrip- 
tion in reconstituted reactions co-migrate on ge! filtration columns used in 
either the conventional fractionation procedure or a different protocol (M. 
Briggs and R.T., unpublished) used to fractionate Sp] derived from a nuclear 
extract (data not included). b, Transcription from a circular plasmid contain- 
ing the IE-4/5 regulatory region in the absence (lane 1) or presence (lane 
2) of 8 wl (4g) Spl (conditions as described for a); lane M, DNA size 
markers. All transcription reactions were incubated for 40 min at 30°C, and 
RNA was prepared as described elsewhere’*. A small number of the JE-4/ $ 
transcripts appear to initiate at reported upstream start sites*® 
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enhances transformation 10-100-fold on transfection into mam- 
malian cell lines?" 

Three regions of the IE-4/5 promoter are also recognized by 
Spl (Fig. 3). The far-upstream (III') site overlaps a single 
hexanucleotide whereas the larger regions (I' and II’) overlap 
tandem GC box repeats. The IE-4/5 promoter has been mapped 
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Fig. 2 DNase | footprint analysis of Spl binding sites in the HSV-1 IE-3 
(ICP-4) promoter and upstream regulatory region. a, b, Autoradiographic 
exposures of 8% polyacrylamide sequencing gels used to analyse the partial 
DNase I digests of end-labelled [E-3 DNA fragments in the presence or 
absence of Sp]. a, Lanes 1, 2 show control DNase digestion patterns obtained 
in the absence of the Sp! fraction. Lanes 3-5 show the DNase cleavage 
pattern in the presence of 10, 15 and 25 ul respectively, of a 0.Smgml ' 
Sp! fraction. Incubation and digestion conditions as in ref. 34. b, Lanes | 
and 6, 7 show the control reactions (no Sp1); lanes 2-5 show the DNase 
digestion patterns in the presence of 5, 10, 15 and 25 ul Spl (0.5 mg ml‘), 
respectively. The positions of these binding sites relative to the RNA start 
site are indicated on the map at the bottom of the figure. Solid arrows 
indicate the location and orientation of the GC box sequences central to 
each binding site; open arrows indicate two GC box hexanucleotides not 
recognized by Sp] in this experiment; open boxes (labelled AT) show the 
positions of two TAATGARAT elements, one or both of which are required 
for viral activation of IE-3 transcription. Additional evidence that the binding 
sites represent interactions with Spl was provided by the observation that 
DNA fragments containing the SV40 21-bp repeats competed specifically 
for binding to the IE-3 sites (data not shown). The finding that a single Sp] 
binding site covers only a 20-bp region is consistent with recent data which 
Suggest that the upstream control region of the SV40 promoter contains 
multiple tandem Sp! binding sites (D. Gidoni, J, Kadonaga, H. Barrera- 
Saldana, K. Takahashi, P. Chambon and R.T., in preparation). 

Methods. The plasmid used to generate the footprint probes was constructed 
as follows: the IE-330 recombinant plasmid (ptkBX8; ref. 13) was digested 
at the Poul site (—3, relative to the RNA start site), blunt-ended with Bal31 
nuclease, digested with Bam endonuclease, and the 330-bp fragment was 
isolated by preparative gel electrophoresis and ligated into a Bam-Hincll 
pUC9 vector. DNA footprint probes were 5' end-labelled at the Bam site 
(b) or at the pUC9 vector HindIII site (labelling the opposite strand; a) 
using [y- P]ATP and polynucleotide kinase, subsequently digested with 
Hindili or Bam, respectively, and the labelled fragments were isolated as 

described elsewhere’. 


in vivo to sequences within the I’ site, and additional upstream 
sequences do not affect transcription in the absence of viral 
induction'*. Interestingly, some of the IE promoter GC box 
elements are not recognized by Sp1 (open arrows in Figs 2, 3), 
which indicates that the GGGCGG sequence per se is not 
sufficient to specify a recognition site for Spl. Comparison of 
the HSV immediate-early GC boxes with those of the SV40 early 
promoter Suggests the following Spl recognition sequence: 
¢GGGCGG§ ŞE (ref. 37). 

Figure 4 shows a complete map of the Sp1 binding sites in 
the HSV short terminal repeat. Promoter activity in vivo'?~' 
and in vitro correlates with the Spl binding site proximal to 
each IE gene, and the distal Sp1 binding sites closely flank the 
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Fig. 3 DNase I footprint analysis of Spl binding sites in the 
HSV-1 IE-4/5 promoter and upstream regulatory region. The figure 
shows an autoradiographic exposure of a 5% polyacrylamide 
sequencing gel (acryl/bis = 29: 1) used to analyse the partial DNase 
digests of end-labelled IE-4/5 DNA fragments. The IE-4/5 recom- 
binant plasmid (ptkBX3; ref. 13) was 5° end-labelled at a BamHI 
linker (—475 relative to the RNA start site), cut with SphI and the 
700-bp labelled fragment was isolated by gel electrophoresis. Lanes 
1, 4, control DNase digestion pattern (in the absence of Spl); 
lanes 2, 3, pattern obtained on incubation with 15 and 25 wl, 
respectively, of a partially purified phosphocellulose Sp! fraction"®. 
G and A, G refer to guanine and purine sequence markers, respec- 
tively. The relative positions of the areas of DNA protected from 
digestion are indicated by ellipses on the map at the side. Small 
solid arrows indicate the position and orientation of GC box 
sequences present in each binding region; open arrow indicates a 
GC box element that is not recognized by Sp1. Also shown is the 
IE-4/5 TAATGARAT element (designated AT’), and the open 
box spanning sites I’ and II’ represents an origin (ORI) of DNA 
replication present in the short terminal repeat. Large arrows 
indicate a palindromic sequence within the ORI sequences. 
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Fig.4 Map of the Sp! binding sites in the 700-bp region spanning 
the RNA initiation sites for the EE-3 (ICP-4) and TE-4/5 genes. 
Top, a schematic representation of the HSV-1 genome: TR and 
IR designate terminal and inverted repeats, respectively, and the 
I and S subscripts indicate long and short segments, respectively; 
Li, unique sequences; the positions of the IE-1-5 transcripts are 
indicated by arrows. The portion of the small terminal repeat 
examined in the present study is expanded at the bottom. Spl 
binding sites are indicated by ellipses and the GC hexanucleotide 
repeats in each binding site are indicated by arrows. ORI, the 
palindromic sequence central to the origin of DNA replication; 
‘AT boxes show the relative positions of the TAATGARAT ele- 
ments implicated in the viral induction of IE transcription. 


TAATGARAT elements CAT boxes) that have been implicated 
in trans-activation by the virion-associated protein. The sequen- 
ces required for viral activation extend over 300 bp upstream of 
each gene, and appear to overlap only at the HT Spl site. 
Deletion of site IH sequences decreases the magnitude of the 
response of the IE-4/5 promoter to viral activation’*, and sug- 
gests that Spi may potentiate this induction process in vivo. A 
complete definition of the role of Spl in IE transcription, 
however, clearly awaits a more detailed mutational analysis of 
these promoters. This extended arrangement of promoter and 
regulatory elements appears similar, in principle, to that 
observed for metallothionein and interferon genes??? , and may 
be a general feature of inducible eukaryotic transcription units. 
Finally, we note that the role of Spl in HSV transcription is 
apparently not limited to IE gene expression because Sp! has 
also been implicated in transcriptional activation of the ‘delayed- 
early’ thymidine kinase genet. 
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It is now widely accepted that the ATP-induced active sliding of 
adjacent thin and thick filaments mediated by myosin heads (cross- 
bridges) is responsible for muscle contraction. Despite intensive 
studies, the behaviour of the myosin heads during muscle contrac- 
tion is still unclear. Recent progress in the rapid freezing electron 
microscope technique has greatly improved the temporal resolution 
of the images that can be obtained’. Here, we report a new type 
of actomyosin structure captured by rapid freezing. We have 
analysed images from thin sections of freeze-substituted rabbit 
skeletal muscle rapidly frozen during isometric contraction. For 
comparison, we also studied relaxed and rigor muscles. Our results 
show that, during isometric contraction, most myosin heads are 
regularly arrayed along the helix of the actin filaments and that 
this actomyosin structure appears to be distinct from that observed 
in rigor muscle. 

Glycerol-treated rabbit psoas muscle fibres were used. To 
measure the tension in the fibres up to the moment of freezing, 
the apparatus was modified (Fig. 1). The frozen muscles were 
freeze-substituted and embedded as described previously*. With 
this system, only the superficial layer (10-15 um deep) of the 
muscle was ultrastructurally well preserved. For detailed analy- 
sis at high magnification, we cut ultrathin sections <150 A thick, 
which contain only a single layer of thin and thick filaments 
arranged in a hexagonal lattice’. As found previously by Hux- 
ley®, the longitudinal sections cut parallel to the crystallographic 
1,1 planes of the lattice provided the most informative images 
of the crossbridges. The temporal resolution of these images is 
known to be at least 2 ms (ref. 1). 

We first compared the morphology of thin filaments and 
crossbridges in the overlap region of relaxed and rigor (ATP- 
free) muscles (Fig. 2a, b). In relaxed muscles, the thin filaments 
appeared relatively smooth because they were decorated (label- 
led) by only a few crossbridges. N, which we define as the 
number of crossbridges per 0.5 pm per thick filament in the 1,1 
plane, was 8+4 (+5.d., n =20) in relaxed muscles, although 
electron scattering caused by the embedding resin prevented 
our counting the exact number of crossbridges. In contrast, the 
thin filaments of rigor muscles were heavily decorated with many 
crossbridges ( N. = 23+45s.d., n = 20), as a result becoming sig- 
nificantly thickened. These crossbridges showed the well-known 
‘arrowhead’ configuration which is also characteristic of actin 
filaments decorated with an excess of isolated myosin heads 
(S1). In isometrically contracting muscles, we found that thin 
filaments are also extensively decorated with crossbridges ( N. = 
21+3s.d., n = 20) as abundantly as in rigor (Fig. 2c). The cross- 
bridges in contracting muscles appeared to be angled slightly 
nearer to 90° than rigor crossbridges, although they still showed 
a preferred tilt pointing away from the Z band. At this stage, it 
is difficult to document further the difference in the tilting angle 
of crossbridges between rigor and contracting states, and careful 
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Fig.1 Schematic diagram showing freezing of glycerol-treated muscle under conditions @ 
of isometric contraction, a, Freezing apparatus, modified from an Eiko apparatus 
(RF-10; Eiko Engineering Mito, Japan). b, Example of measurements of the isometric 
tension on an oscilloscope. T, tension; scale bar, 200 ms. 

Methods. a, To measure isometric tension up to the moment of freezing, we designed 

a plunger (PL) to which a tension gauge (TG) was connected. We placed a specimen 
holder (SH), a tension gauge (AE801, Akers) and a small arm on the tip of the plunger. 
Glycerol was washed out for >4 h in rigor solution (4 mM MgCl,,4mM EGTA, 20 mM 
MOPS and 50 mM KCI, pH 7.0), then a small bundle of muscle fibres (M) was stretched 
over the specimen holder by fixing both ends to the tip of the tension gauge and the 
small arm using collodion. After the muscle on the tip of the plunger was relaxed in 
relaxation solution (4mM ATP in rigor solution), it was transferred into contraction 
solution (4mM CaCl, in relaxation solution). Tension development was recorded on 

a pen recorder. When the tension reached a maximum level, the plunger was inserted 
into the freezing apparatus and the isometric tension level (T) was continuously recorded 

by oscilloscope (b). The muscle was then rapidly frozen by slamming against a copper 
block (Cu) cooled to 4 K by liquid helium (He); the impact artefact and low temperature 
obscured recording of fibre tension (arrowhead). The copper block was moulded as 
shown in the diagram so that the tension gauge and the small arm did not collide 
directly with it. The frozen muscle was removed from the plunger together with the 
specimen holder and freeze-substituted as described in Fig. 2 legend. Because of the 
slow diffusion of the substrate into the muscle fibre, a concentration gradient of ATP may develop inside the fibre during contraction. To 
avoid this problem, we used an ATP-regeneration system, but found that the added proteins decreased the contrast of the freeze-substituted 
image. Therefore, because only the outer layer of the muscle (~10 um deep) is analysed in the rapid freezing study, we have avoided using 
the ATP-regeneration system in this study, but used a sufficiently high concentration of ATP (4 mM). 
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Fig. 2 Images of longitudinal thin sections of freeze-substituted muscles. a-c, Comparison of the images of the overlap region between 
relaxed (a), rigor (b) and contracting (c) states. In all experiments, images parallel to the 1,1 planes of the lattice, in which two thin filaments 
were observed between two thick filaments (arrowheads) were selected. These images confirmed that the thin sections used here contained 
only a single layer of thin and thick filaments. In the relaxed state (a), thin filaments contained less contrast, showing rather smooth contours 
with a few crossbridges. In sharp contrast, thin filaments in rigor muscle (b) appeared thick and were characterized by arrowheads pointing 
away from the Z bands (Z). The crossbridges had greatly increased in number. In isometrically contracting muscle (c), thin filaments also 
appeared thicker than those in relaxed muscle. Note the large number of crossbridges between the thin and thick filaments. «97,750. d, 
Low-power electron micrograph of freeze-substituted muscle rapidly frozen in conditions of isometric contraction. Thickness of section, 
200-300 A. The most striking feature of the contracting muscle is that the Z bands (Z) and the M bands (M) were seen as zig-zag lines. There 
were no detectable ice crystals. x15,300. 

Methods. The rapidly frozen muscles were freeze-substituted for 2 days with absolute acetone containing 4% OsO, at —80°C. They were 
warmed by being transferred to a freezer held at —20 °C where they were kept for | h and then stored at 4°C for 2h. After being washed in 
absolute acetone, the samples were stained en bloc for 2h at room temperature in absolute ethanol containing 5% uranyl acetate. They were 
then washed in absolute ethanol, then in propyrene oxide and embedded in Epon 812. Ultrathin sections <150 A thick were cut tangential 

to the metal contact surface and stained with 4% uranyl acetate and 0.5% lead citrate for 3 min each. 
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Fig. 3 Optical diffraction patterns of the whole A band from 
longitudinal thin-section images of freeze-substituted muscles. a, 
Relaxed state; b, rigor state; c, isometric contraction. The muscle 
showed characteristic diffraction patterns in each set of conditions. 
Black and white arrows represent the reflections with spacings of 
143 A (myosin subunit repeat) and 370 A (crossover repeat of actin 
filament helix), respectively. The reflections with a spacing of 429 A 
(143 A x3) are indicated by arrowheads. In isometric contraction, 
all sarcomeres examined (n =70) showed the 370-A layer line, 
whereas only 13% of the sarcomeres produced the 429-A layer 
line. In addition to these major reflections, reflections with spacings 
of ~185 and 230A were clearly identified both in rigor and in 
isometric contraction, whereas in relaxation the so-called ‘forbid- 
den’ reflection with a spacing of 215 A was observed. The optical 
diffraction patterns in the rigor and relaxed states were mostly 
consistent with X-ray patterns of frog intact muscle, but our pat- 
terns were different in some respects. For example, in rigor state, 
some sarcomeres (6 of 71 sarcomeres; =9% ) provided a layer line 
at 700-800 A which was not reported in the X-ray pattern, and, 
in the relaxed state, the 429-A layer line had a rather small radial 
extent compared with that seen in the X-ray diffraction. We suppose 
these differences may be caused by a lattice-sampling effect 
enhanced by the staining properties of the thin and thick filaments, 
but further studies are required to settle this question. 

Methods. Using longitudinal thin sections ~500-700A thick, 
optical diffraction patterns were taken with an optical diffrac- 
tometer (Chuo Seiki) from a whole A band. A rectangular mask 
was overprinted on the electron micrographs, according to a *built- 
in method’ developed by Hosaka and Hosoi''. In relaxed muscle, 
the spacings of the outermost meridional reflection were ~139 A. 
Considering that in the X-ray diagrams of the relaxed muscle the 
spacing of the major reflection is 143 A, the specimens may have 
shrunk by ~3% during freeze-substitution and embedding and the 
values of the three major axial repeats detected in the relaxed 
muscles should be read as 143, 215 and 429 A. All other spacings 
were corrected using this 143-A reflection as a calibration factor. 


quantitative analysis using computer image processing is needed 
to clarify this difference. In this study, we focused our attention 
to the axial periodicities of the crossbridges using optical diffrac- 
tion analysis. 

Using thicker sections, we obtained optical diffraction pat- 
terns from whole A bands (Fig. 3). In relaxed muscle, three 
meridional reflections with axial spacings of 143, 215+3 and 
427+8A (+s.d., n=67 sarcomeres) were predominant. Both 
the 143- and 427-A reflections are thought to be caused by 
myosin filament organization, whereas the 215 A reflection may 
correspond to the so-called ‘forbidden’ reflection seen in the 
X-ray diagrams of resting muscle’. In the rigor state, in addition 
to the 143-A reflection that might arise from myosin filaments, 
- a prominent layer line was observed with a spacing of 376+ 12 A 
( +s.d., n =71 sarcomeres). This spacing (370 A) seems to corre- 
spond to the crossover repeat of the actin filament helix. 
However, this 370-A layer line in rigor muscles seems unlikely 
to arise only from the helical arrangement of the actin filament 
subunits, because no reflection with this spacing was detected 
in the diffraction patterns from relaxed muscle. Therefore, this 
strong 370-A layer line should be attributed to the myosin heads 
arrayed along the helix of the actin filament in rigor, correspond- 
ing to the ‘arrowhead’ configurations seen in images from thin 
sections. In muscles frozen during isometric contraction, both 
the 143-A reflection and the 370-A layer line (380+9 A, n= 
70 sarcomeres) were clearly identified in all sarcomeres 
examined (n = 70; 5 different samples), and the relative intensity 
of the 143-A reflection to the 370-A layer line appeared to 
increase compared with rigor muscles. The occurrence of the 
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Fig. 4 Optical diffraction patterns of the single ‘decorated’ thin 
filament in the overlap region from rigor muscle (a) and isometri- 
cally contracting muscle (b). a, Rigor state. The layer line with the 
spacing of 370 A (white arrow) was predominant. In this case, the 
meridional reflection with the spacings of 143 A was hardly detec- 
ted. b, Isometric contraction. Note that the 143 A reflection (black 
arrow) has strong intensity. The 370 A layer line (white arrow) 
was also detectable. Because the thickness of the sections used in 
this analysis was <150 A, the optical diffraction patterns obtained 
from the single decorated thin filaments were occasionally one 
sided. These patterns were reproducibly obtained from thin 
filaments in different sarcomeres. A rectangular mask was overprin- 
ted on the electron micrographs to analyse single thin filaments 
~0,6-0.8 um long. The width of the mask was ~150 A. 


370-A layer line clearly indicates that most of the myosin heads 
are arrayed along the actin filament during tension development. 
Time-resolved X-ray diagrams show that most myosin heads 
maintain the axial spacing of the myosin subunit repeat (143 A) 
during isometric contraction’*. Taken together, these findings 
suggest that in contracting muscle most crossbridges retain the 
axial periodicity of their myosin filament origins (143 A), are 
located along the actin filament helix and that the strong 143-A 
reflection in the optical diffraction pattern of contracting muscles 
is attributed not only to myosin filament organization but also 
to the myosin heads labelling the actin filaments. 

Optical diffraction patterns from single decorated thin 
filaments in contracting and rigor muscles show clearer evidence 
of the differences of their axial periodicities ( Fig. 4). In contract- 
ing muscles a 143-A reflection was reproducibly identifiable in 
addition to the 370-A layer line, whereas in rigor muscle this 
143-A reflection was very weak or undetectable. Therefore, we 
conclude that, in the acto-S1 assembly of the contracting muscle, 
the myosin heads maintain the axial spacings of the myosin 
subunit repeat (143 A), whereas in the acto-S1 assembly of rigor 
muscles most of the myosin heads are arranged according to 
the actin subunit repeat. These conclusions are mainly consistent 
with time-resolved X-ray diagrams obtained recently from 
isometrically contracting muscle™'® and with our deep-etch 
replica images of contracting muscles (manuscript in prepara- 
tion). Further analysis of the arrangement of myosin heads in 
the acto-S1 assembly in contracting muscles will lead to a better 
understanding of the molecular mechanism of muscle con- 
traction. 

We thank Drs H. Tanaka and Sa. Tsukita for collaboration 
in the rapid freezing experiments, Dr J. Usukura for technical 
advice, Dr J. Hosoi for collaboration in the optical diffraction 
experiments, Dr I. Matsubara for helpful discussions in the 
revision of this manuscript, and Drs H. Shimizu and H. Ishikawa 
for support. Rapid freezing with liquid helium was carried out 
in the Cryogenic Center, University of Tokyo. This study was 
supported in part by research grants from the Ministry of Educa- 
tion, Science and Culture, Japan. 
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PO E E N a A EE A AA ENEA E E E E 
The problems involved in producing unlimited quantities of hormones and similarly useful proteins by 
recombinant DNA techniques are fast being solved. With their solution comes the chance for hase, 


DNA makes Hirst makes money 


involved to reap almost equally unlimited financial rewards. 


Tr is just twelve years since Stan Cohen, 
Herb Boyer and co-workers published the | 
results of their work on transformation of | 
Escherichia coli by R-factor (plasmid) 
DNA and on the construction of biologic- | 
ally functional bacterial plasmids in vitro. 
This work provided the cornerstone of re- 
combinant DNA technology — the ability | 
to cut and join DNA molecules very speci- 
fically and to introduce these molecules 
into Æ. coli in such a way that individual 
molecules, or clones, are selected. Of 
course, as with all major advances, other 
discoveries were soon made that ex- 
panded the power of the technology. In 
1975 Ed Southern described a method for 
detecting specific sequences among DNA 
fragments separated by gel elec- 
trophoresis, the so-called Southern blot. 
We now have ‘Northern’ and ‘Western’ 
blot techniques for RNA and protein 
molecules respectively. Subsequently, in 
1977, Maxam and Gilbert in Harvard and 
Sanger and colleagues in Cambridge inde- 
pendently developed methods for se- 
quencing DNA. It is this combination of 
methods that has revolutionized molecu- 
lar biology in the last decade. One practic- 
al result of this revolution is the renaiss- 
ance of biotechnology with its potential 
applications in medicine, agriculture and 
industrial microbiology which a host of 
small companies hope to exploit. 

It was the prospect of being able to pro- 
duce unlimited quantities of proteins like 
insulin, growth hormones and the inter- 
ferons that provided the driving force for 
the formation of these companies. At that 
time it was tacitly assumed that expression 
of heterologous genes in prokaryotic hosts 
like E. coli and the purification of the 
resulting protein would be simple. This 
has turned out not to be so and we now 

_ know that E. coli is not the perfect host for 
producing human or animal proteins. 
Many of them are found, after synthesis, 
in an insoluble, denatured form within the 
bacterium and tedious procedures involv- 
ing chemicals like urea and guanidinium 
hydrochloride are required to render 
them soluble and active. E. coli has other 
problems too — frequently the initiation 
methionine is not removed from the pro- | 
tein and thus human growth hormone 

(hGH) for example is produced as Met- 

_ hGH. Moreover, E. coli does not add the 

-carbohydrate side chains found on some 

3 iryotic proteins and, in situations 
“where glycosylation is necessary for biolo- 

gical activity, this will clearly be a major 








| problem. Last but not least the complete 
removal of endotoxins from the product 
must be achieved during purification. 
Because of these difficulties major 
efforts have been made to develop ex- 
pression systems for yeast and mammalian 
cells. Yeast because of the existing know- 
ledge of how to grow yeast on a large scale 
and because of its potential for secreting 
proteins and peptides into the medium 
and lack of toxins. Mammalian cells have 
been used because they will glycosylate 
proteins as well as secrete them. In both 
cases, secretion should result in a product 
with the correct N-terminal amino acid. 
In the longer term the general opinion is 
that, for production, none of the above 
systems will predominate. Rather it will 
be ‘horses for courses’ and much will de- 
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pend on the final use of the protein, how 
much is required, the productivity of the | 
different systems and the final cost. For 
some medical products where the volume 
required is low and a premium price can 
be charged, an animal cell system might be 
suitable. For other products like animal 
growth hormones where the predicted re- 
quirement is greater than 100 tonnes per 
year and the cost per dose must be low to 
make economic sense, then a route using a 
fermentable microorganism seems the 
only option at present. 

As well as the progress discussed above 
on gene expression, all of which stems 
| from an understanding at the molecular 
level of the interactions taking place dur- 
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ing transcription and translation, recom- 
binant DNA technology has had a fun- 
damental effect on our ability to access 
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genes for proteins whose messenger 
RNAs are present in cells at low abund- 
ance. There are three methods that are 
commonly used at present. Genomic Hb 
raries made in phage vectors or com 
plementary DNA libraries made m plas- 
mids or phage vectors are screened using 
either a mixture of short oligonucleotides. 
or asingle long oligonucleotide as a probe. 
Obviously this approach is dependent on = 
knowledge of some sequence of the pro- 
tein of interest. In the second method — 
cDNA libraries are made in an expression = 
vector, such as the phage Agtil, so that a 
fusion protein is produced consisting of 
the majority of B-galactosidase with the _ 
information encoded by the cDNA insert 
as a C-terminal fragment. Recombinant: 
phage are then screened for the presence — 
of antigenic fragments using an antibod as 
to the protein. Oe 
The final method, unlike those above, a 
does not require any detailed knowledge 
of the protein itself; all that is needed isa. 
biological assay for the activity of the pro- 
tein. In this system, libraries are made in 
E. coli in ‘shuttle’ vectors which are cap- 
able of high efficiency, transient gene ex- 
pression in animal cells. Libraries are split 
into pools, DNA isolated from these pools 
and transfected into the animal celis. AF- 
ter incubation for 2-3 days medium from. 
these cells is removed for bioassay. Once 
an active pool has been identified the spe- 
cific clone in it is purified by stb selection. 
One or other of these procedures has been 
used in recent months tn the cloning of the- 
cDNA genes for protein such as tumour 
necrosis factor (TNF), colony stimulating: 
factor (GM-CSF), human transforming: 
factor-§ as well as a number of SESER 
molecules. 
Through genes and gene probes, re- 
combinant DNA technology is also im- | 
pacting on the diagnosis of (but not yetthe 
treatment of) inherited diseases such as. 
the haemoglobinopathies, haemophilia, — 
phenylketonuria and Down's syndrome. 
The aim at present is to offer antenatal 
diagnosis and the possibility of a termina- © 
tion to pregnant women identified as at 
risk. This is done by isolating fetal cells by 
amniocentesis or from chorionic villi and 
culturing these to provide sufficient DNA 
for analysis. Gene probes are then used in. 
Southern blots to show the presence 0 
absence of the particular gene. This is. co 
venient for gene deletions but wha 
point mutations? Until recenti 
























































short olode pbs mae 
has shown that conditions can be defined 
here they will hybridize to normal but 
not to mutant alleles. Thus, provided the 
nucleotide sequence around the mutant 
site is known, then diagnosis using this 
approach should be possible. 


_ cloned the present technology allows us to 
_ produce novel proteins either by ‘shuf- 
' fling’ domains or by the more specific 
techniques of in vitro mutagenesis. Do- 
- main shuffling has been used mainly for 
_ the w-interferon family and really involves 
: Switching restriction fragments between 
_ two related genes. In this way a hybrid 
A-D oa-interferon has been produced 
which shows different specificities from 
either parent interferon. Jn vitro 
_ mutagenesis however has far more poten- 
tial and, if we can ever predict accurately 
what effect a particular amino acid change 
will have on the structure and function of a 
protein, the technique will have very wide 
application. It may, for example, be possi- 
ble to increase the temperature stability of 
enzymes, to alter their pH profile or their 
substrate specifity. The most significant 
work done in this area is that of Fersht, 
Winter and colleagues on tyrosyl-tRNA 
synthetase. They have shown that single 
amino-acid substitutions can have drama- 
tic effects on the catalytic parameters of 
the enzyme. This is certainly a good start 
along the road attempting to lay the 
ground rules for future protein engineer- 
ing. 

As well as being able to modify proteins 
by manipulating their genes it is also possi- 
ble to modify pathways and so produce 
novel chemicals. An elegant example of 
< this is the production of a hybrid antibiotic 
in Streptomyces by the transfer of biosyn- 
thetic genes between streptomycetes. 
Although the particular antibiotic pro- 
duced in this experiment has no commer- 
cial value, just the demonstration of its 
production must be heartening to those 
z witerested in ‘discovering’ new antibiotics. 
The most recent and interesting ap- 
plication of recombinant DNA tech- 
~ nology is in the production of transgenic 
: animals by injecting foreign DNA into the 
. pronuclei or nuclei of eggs from supero- 
~~ yulated animals. This produces offspring 
with the inserted DNA in terminally 
‘differentiated cell types. So far transgenic 
mice, rabbits, sheep and pigs have been 
‘produced, in most cases containing a fu- 
sion between the mouse metallothionein 
< promoter/regulator region and either the 
-yat or human growth hormone structural 
gene. Now that the technique has been 
_ established, however, it offers the possi- 
bility of investigating the mechanism of 
tissue- specific gene expression and maybe 
eventually of producing useful proteins in 
the milk of cows or in the eggs of chickens. 
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J. S. Emtage is Director of Molecular Biology at 
Celltech Lid, 244-280 Bath Road, Slough SLI 
4DY. UK. 


Once a gene, or a gene family, has been | 
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The increasing number of laboratories engaged in recombinant 
DNA research is supporting a thriving industry. 
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è Instrument Research has introduced a 
high voltage pulse generator, the Model 
958A, designed specifically for cell fusion 
systems. The instrument delivers a posit- 
ive pulse adjustable from 0 to over 3.5kV, 
with pulse currents to 2A and peak powers 
over 7kW. This large voltage range 
permits adequate fusion gradients for 
large cells, and offers the further possibil- 
ity of using series resistance in the cell 
circuit to approach a constant current 


characteristic. A digital pulse control. 


module —- 921A -— permits direct setting 
of pulse width from lus to 99s in lus 
steps, control of pulse period from 0.1 to 
9.9s in Q.1s steps, and burst control of 
counted pulses from 1 through 99. An ana- 
log driver, Model 904A, offers continuous 
pulse control from less than 0.5us up to 
seconds in 11 ranges, and also features 
triggered delay, burst, and single-shot 
modes. For maximum flexibility, the user 
can order both the analog and digital front 
ends, selecting either control via a rear 
panel connector. Applications include 
monoclonal antibody production (see M. 
Lo et al. Nature 310, 792; 1984). 

Reader Service No. 100. 

è Cambridge Biotechnology Laborator- 
ies, a division of Uniscience Limited, has 
added a further four restriction enzymes 
to the company’s range. The new enzymes 
are Banl, Bci, GspAUl and Scal. GspAll 
is exclusive to CBL and recognizes the 
sequence TGCGCA. 

Reader Service No. 101. 

è Transcriptaid RT from P & S Bio- 
chemicals of Liverpool is a new multi- 
component system for cDNA generation. 
By removing the need for the S, nuclease 
digestion step of ordinary procedures, 
Transcriptaid RT makes cDNA synthesis 
simpler and complete cDNA libraries can 
be constructed even from low abundance 
mRNA. In the new method, after the 
primary DNA strand has been synthesized 
with reverse transcriptase, the original 
mRNA strand is partially digested with 
RNase H. The remaining fragments then 
act as primers for synthesis of the secon- 
dary DNA strand using DNA polymerase 
1. The reaction sequence is then com- 
pleted by the removal of the non- 
transcribed 3’ overhang with T4 DNA 
polymerase. A Transcriptaid RT kit con- 
tains five special reagents plus all the 
necessary buffers and nucleotides and 
control mRNA. The five reagents are 
used sequentially in a simple, step-by-step 
protocol. Each kit has enough material for 


Lehrererrtche Alba rid be reli bey atin Ay erent iA AL AAA PAO RL LAY il Hl thi Mierthimermamrmaniniiehannannte 


These notes are based on information provided 
by the manufacturers. To obtain further details 
about these products use the reader service card 
bound inside the journal, 
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ten complete reactions starting with 5 ug 
of mRNA. 
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@ A new range of in vitro RNA transcrip- 
tion products is now available from Phar- 
macia’s Molecular Biology Division. 
MultiProbe pSPT 18 and pSPT 19 are two 
new SP6/T7 dual promoter plasmids con- 
taining the multiple cloning site from pUC 
18 and 19 respectively, and together allow 
both strands of an inserted DNA to be 
transcribed. New FPLCpure T7 RNA 
Polymerase has exceptionally high func- 
tional purity, and has provided transcripts 
of up to 4.1 kilobases. Also now available 
are new RNaStop= RNAguard ribonuc- 
lease inhibitor, a RNase/DNase-free 
bovine serum albumin and the ‘mGpppN 
nucleotide caps necessary for translation 
of RNA transcripts. 

Reader Service No. 103. 

@ The lambda GT 11 sequencing primer 
is available as a kit from Clontech. A 
synthetic 15-mer adjacent to the cloning 
EcoRI site in lambda 11 is used for rapid 
DNA sequencing using the dideoxy 
method. This enables researchers to sequ- 
ence clones identified by immunoscreen- 
ing and other methods and eliminates the 
necessity to subclone in M13. The pro- 
tocol is as simple as using M13 and yields 
sequence lengths comparable to M13. 
M13 primers are also available from Clon- 
tech. 

Reader Service No. 104. 

@ Bethesda Research Laboratories’ 
biotinylated lambda DNA/HindIll frag- 
ments provide a convenient method for 
estimating the size of genomic DNA 
directly on nitrocellulose in Southern blot 
analysis. Following electrophoresis and 
transfer to a nitrocellulose filter, the frag- 
ments are visualized within 3h using a non- 
radioactive streptavidin/biotin detection 
method, such as BRL’s DNA detection 
system. The size of the genomic DNA can 
be estimated by following three simple 
steps: (1) the biotinylated fragments and . 
the biotin-labelled sample DNA are elec- 
trophoresed side-by-side on an agarose 
gel; (2) they are then transferred together 
onto a sheet of nitrocellulose by Southern 
blotting; and (3) the sample and the mar- 
kers are visualized colorimetrically. 
Reader Service No, 105. 

è Beta-lactamase screening filters are 
now available from Bio-Rad for the rapid 
detection of Amp’ recombinant clones. 
The filters provide a simple, rapid and 
reliable chromogenic assay for recom- 
binant plasmids resulting from insertion of 
DNA into the ampicillin resistance gene 
of cloning vectors. After transfer to the 
sterile filters, recombinant (Amp‘) col- 



















Phosphoramidites Phosphotriesters 
*Now available in our *SPS GRADE - 

SPS GRADE range of the ultimate standard 
specially purified of purity for solid phase 
reagents for solid phase DNA Saa | 
DNA synthesis. 

*Chromatographically fi $ B E 

*31P nmr checked aie” £2 N 

*Synthesis tested 


CRUACHEM LIMITED Tel 0506 32146/35934 CRUACHEM Inc. 


11 Napier Square Telex 72637 CRCHEMG PO. Box 5787 

Livingston EH54 5DG Bend. Oregon 97708 

Scotland (800) EASY DNA 
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Available from UNISCIENCE LTD. 


* FOTO UV 300 — reliable and sensitive, detects less 
than 2ng of DNA. 


* FOTO UV400 — more versatile with control unit 
and reflected light option. 


* FOTO UV310 — economical one gel capability 


* FOTO UV450 — especially for TLC analyses and 
DNA agarose gels. 


For further information on a wide range of Fotodyne 
| instruments and accessories, 
į please contact: 


UNISCIENCE LTD 

12-14 STANN’S CRESCENT 
LONDON SW'18 2LS 

TEL: 01-870-8753 
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= 
Glass Cartridges 


A new system for HPLC | 
in glass-bodied columns — 


~ chemical inertness as well 
as unequalled surface 
smoothness of the internal 
tube wali 

~ usability under high pres- 
sures due to a special 
hardening procedure for 
the glass tube 

~ @asy connection to an 
optional HPLC unit 

~ advantageous price com- 
pared with steel columns 


Please ask for our brochure 


E. Merck, Frankfurter. Pie 250, p- 6100 Darm 
Federal Repubi at 
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OUR LIGHTS! 1 


A complete range of 254-302-365nm and multiband U.V. lamps and ee 
for your FLUORESCENT ANALYSIS 
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V im table flasresceante 362 
Fluorescent table 
CN-15 ULV. darkroom V.L. lamp with stand 
__ FIRST FRENCH MANUFACTURER 
11 254-302-365nm lamps | | Huorescent tables VILBER LOURMAI 
Li Multiband lamps ©) UN. radiometers 

| Portable lamps E am erasers BP 66 - Torcy. ZI. Sud. 77202 Marne-la-Valiee Cedex 2 

UV. carkroorms l France - Tel. (6) 9066.07.71 4+ - Telex VILBER 691062 F 
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LOOKING FOR EXPORT AGENTS : 


RAe AE e NEEE ETOR EAE E ENTERAR ERRER et tatetytetatatatetatt tate tetetyt yet ty tat Qitye teh helaletanly 
AOAIE ORDENE NSS ENEN EN niet at peata seca OAS 
AERE EAEOI ENTIEIRA aR aCe GC AC Son a ats 


The Detection of 


New Adverse Drug 
Reactions 


| 

| 

| 

| Dr M. D. B. Stephens 

| Head of Adverse Drug Reactions Unit, 
| Glaxo Research, Ware 

with an additional chapter by Dr J. C. C. Talbot 
| 

| 

| 

i 

| 
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| CAMBRIDGE 
‘BIOTECHNOLOGY 
LABORATORIES 


-F C.B.L. are the Prime Producers of HIGH QUALITY 
RESTRICTION ENDONUCLEASES and DNA 
MODIFYING ENZYMES in the U.K. 


We are now selling the following: 














| 
| 
| 
| 












innnan A MAA NS HN RAR Nt POA aaa RAE REAR RAD I ite RMA ARRAN ele mad ee Pl NM A EI TEE HEHE RE A AAA Ma e krna a  onerrncuipsinmtadmsahn airmen etl 
cpa y 












I ae Kpn | Sca | 
i PEA ; a : Ma ; mi : This book describes the methodology for collection 
| Ava | Dra l Nru | Sst | assessment and storage of adverse drug reaction 
i a : ey ae A Sty data adapted to the development of a new drug. 
Ban H EcoRV Rsa | Taq | The emphasis throughout is on the integrated 
Belt Hincll Sall Xba | approach required to establish the adverse reaction 
= a ta a EE profile from the time the drug is first used in man 
Bst I Hpa H Klenow ~ throughout its subsequent usage. 
T4DNA 
LIGASE it will be invaluabie for the pharmaceutical 


physician and non-medical researcn worker and 
| will prove very useful to those involved in clinical 
| Studies with drugs. 


June 240pp hc ` 033336886X £40.00 


@HIGHLY COMPETITIVE PRICES @ EXCELLENT 
DELIVERY @ CONTINUALLY EXPANDING RANGE 









| CAMBRIDGE BIOTECHNOLOGY LABORATORIES 


| A DIVISION OF UNISCIENCE LIMITED 
| 19-14 ST. ANN'S CRESCENT 
LONDON, SW18 ALS 

TELEPHONE 01-870 8753/8886 

| TELEX NUMBER 916212 AIRSEA G 
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nies appear blue, while non- , gels. It is suitable for both acrylamide and 


recombinants (Amp’') turn yellow within | 


seconds. Colonies for further analysis may 
be picked directly from the filters, thus 
eliminating tedious replica-plating. 
Reader Service No. 106. 
® Boehringer Mannheim Biochemicals 
now offers two new restriction enzymes 
isolated from Deinococcus radiophilus, 
Drall and Dralll, and a protein-synthesis 
inhibitor, hygromycin B. Drall recognizes 
the sequence PuG | GNCCPy and will 
produce fragments which have 5° cohesive 
termini. Dralil recognizes the sequence 
CACNNN | GTG, generating fragments 
with 3’ cohesive ends. Both enzymes are 
free of detectable nucleases and are ideal 
for use in all cloning and sequencing proc- 
edures. 
Reader Service No. 107. 
è For separation of biopolymers, What- 
man now produces a comprehensive range 
of Advanced Ion Exchange Celluloses 
(AIEC) in microgranular (both pre- 
swollen and dry) and fibrous forms. Ap- 
plications for these media include open 
column or batch techniques for the 
separation of proteins, nucleic acids, hor- 
mones, peptides, antibodies and other 
biological compounds. 
Reader Service No. 108. 
è A greater than 98% pure, high binding 
and precipitation capacity recombinant 
protein A is now available from Miles Sci- 
entific. Produced in £. coli, recombinant 
protein Ais entirely free of staphylococcal 
toxins. The product’s specific activity is 
equal to the most active protein A prepa- 
rations extracted from Staphylococcus au- 
reus. Over 95% of the recombinant pro- 
tein A in all lots tested has been found to 
have active binding to an immobilized 
human IgG preparation. Recombinant 
protein A is supplied by Miles Scientific as 
a salt-free, lyophilized pove The purity 
of every lot exceeds 98% as determined by 
SDS gel electrophoresis and HPLC analy- 
sis using a TSK-3000 column run in 0.2M 
NaPiat pH 6.8. Because of its high affinity 
for immunoglobulins of many species and 
its low level of nonspecific binding, re- 
-combinant protein A is useful in the study 
of cell surface antigens and receptors, and 
for detecting antibody-secreting cells. 
Reader Service No. 109. 
@ Amersham Corporation ts offering for 
the first time a slide chart which matches 
over 200 restriction enzyme recognition 
sequences with their restriction enzymes, 
isoschizomers, and enzymes which gener- 


ate compatible ends. Developed by 
Amersham, the site selector measures 


only 4 inches x 9 inches folded, and con- 
cisely compiles information normally re- 


o quiring cumbersome wall charts or multi- 


T page reference sources. The chart is avail- 
able free of charge to workers in the field. 

der Service No. 110. 

tional Diagnostics has introduced a 

Silver Stain Kit which ts capable of 

“detecting levels of polypeptide as low as 

o: Olt nanograms mm” 





in electrophoretic | 


agarose gels and is extremely sensitive for 
the detection of single and double 
stranded DNA and RNA. National Di- 
agnostics Silver Stain Kit is simple to use 
and is adequate for about 20 gels. 

Reader Service No. 111. 

è The new LKB Maxiphor gel casting and 
electrophoresis unit is designed for rapid 
preparative and analytical separations of 
DNA/RNA fragments with agarose sub- 
marine and bridge gels. including wedge- 
shaped field gradient gels. Even soft, low 
concentration agarose geis can be reliably 
cast and run with the new device. Max- 
iphor markedly simplifies the casting and 
handling of wedge gels, enhances resolu- 
tion and improves linear frame reading. 
The unit accommodates horizontal agar- 
ose gels up to 10 mm in thickness, 15 cmin 
width and 25 cm in length. Up to 40 sam- 
ples at a time can be separated with the 
double-comb technique. A complete 
agarose submarine system can be built up 


| by adding the MacroDrive I power supply 


and MacroVue UV transilluminator to the 
basic Maxiphor unit. 

Reader Service No, 112. 

® Labquip’s Caracol isa new DNA synth- 
esizer for simultaneous multiple syntheses 
of oligomers. The Caracol principle is a 
vertical stack of PTFE disks containing 
ports which can be realigned by individual 
rotation. Reagents are delivered under a 
low pressure of inert gas to the upper 5 
disks, which embody switching and mixing 
functions and pass reagents to the lower 
disks. Each of the disks has a reaction 
chamber containing a specially pre- 
treated paper, 6 mm in diameter, to which 


| the first nucleotide is chemically coupled. 


Typically, 40 sequences (of oligonucleo- 
tide) are entered into the computer. All 
subsequent operations are controlled via 
an interface unit by a desk-top computer, 
which may if desired be several feet away. 
The package includes disk drive. program, 
computer, interface unit and cables. 
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è The American Bionetics 


me a 
Inc. 2 x 2 Oligo Sizing Lad- ae 
der is a set of electrophoretic 38 
standards for accurate length a6 
l à j 26 
tides. Prepared from a mix- 24 


ture of purified synthetic 

DNA fragments ranging in 

size from 12 to 48 bases, these 

standards are useful for | 
measuring oligonucleotides | 
of up to 50 bases in length. | 
The 2 x 2 Oligo Sizing ‘Ladder may be 
used for length confirmation of synthetic 
DNA, as electrophoretic standards for 
DNA sequencing gels. and for elec- 
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| trophoretic determination of base com- 


position of oligonucleotides. The ladder is 
provided lyophilized ready for reconstitu- 


tion and end labelling with *P-ATP. Each | 


tube contains sufficient material for 10 
labelling reactions. 
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ACTIVATOR -- 
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R-Phycoerythrin 


HIGHLY PURIFIED 
ECONOMICALLY PRICED 
R-phycoerythrin is now available from 


UPTON 
BIOCHEMICALS 


Please write for details to:— 


Upton Biochemicals Ltd., 
20 Helena Road 
Plaistow, London E13 0DU 
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HEC Sa mMrs 


REPRODUCIBLE — HOMOGENEOUS — _ 
EXTREMELY RAPID 


Our new commercial LIPOSOMAT 
guarantees rapid (ami within 60 minutes} 
preparation of uniformly sized 


~ UNILAMELLAR OR 
~ OLIGOLAMELLAR OR EVEN 
~ MULTILAMELLAR LIPOSOMES 


depending on the used experimental 
conditons. Liposome size 1s selectable 
between 25 and ca. 600 nm diameter up 
to 1000 am for mulilameliar lipos Omes 
Sampie volume is normally $-TOm! or up 
to 200ml i used in combination with an 
additional mstnument High encapsulation 
efficrency for hydroponic and/or lnophdic 
agents. Lind concentration can be up to 
300 memi lipid loss dumng preparation 
8 extremely low: dawn to G1". 


TAPP - Geräte 


POR 126. D-80009 Munich 65. FRG 
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THE LEADER HAS EMERGED 
R. SHADEL, INC. 


THE NEXT GENERATION IN ELECTROPHORESIS EQUIPMENT 


shit ECONOMIC CHOICE FOR Ta 
ET A. SHADEL, INC. $ 


THERE 1S NO SUBSTITUTE FOR QUALIT 


R. SHADEL. INC, 
AVAILABLE EXCLUSIVELY FROM: 
RAEL international 
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è Vector Laboratories is offering an ap- 
plications note entitled ‘Immunodetection 
of Antigens on Nitrocellulose Using the 
Vectastain ABC Kit’. The protocol pro- 
vides clear stepwise instructions for the 
use of the Vectastain ABC immunoperox- 
idase system to detect antigens bound to 
nitrocellulose membranes. This protocol 
is applicable for electrophoretic or passive 
transfer systems including Western blots, 
dot-blots, or screening recombinant DNA 
libraries. 

Reader Service No. 115. 

è An Ultra Pure Acrylamide is now avail- 
able in an electrophoresis grade from 
Schwarz/Mann Biotech. The acrylamide is 
manufactured under rigidly maintained 
Standards to ensure a purity of greater 
than 99.9%. Specially controlled and 
tested, Ultra Pure Acrylamide can be suc- 
cessfully utilized in gel electrophoresis. 
Material is available now for shipment, 
packaged in 100 g, 250 g or 1 kg containers. 

Reader Service No. 116. 





Hoefer's rocking Deca-Probe. 


è Especially suited to nuclear acid hybri- 
dizations and immunological screening, 
the new Hoefer PR 200 Deca-Probe is a 
10-chamber micro-incubator manifold for 
the simultaneous probing of up to 10 
membrane-bound samples previously 
fractionated on an acrylamide or agarose 
slab gel. Two solid acrylic plates fit 
together with an intact 15 x 15cm transfer 
membrane between. Parallel troughs mil- 
led into one plate become the incubation 
chambers when the plates are joined. An 
O-ring gasket surrounding each chamber 
prevents leakage between them. A small 
port at one end of each 5 ml chamber 
allows introduction and removal of suc- 
cessive reagents. Rocking the unit ensures 








ADVERTISEMENT 


Automatic Tracking 
Track that rat, insect, fish, limb, 
vehicle, crack, etc. 

Tracking unit accepts input from video 
camera or recorder, and outputs the location 
of a high-contrast object in the TV image. 


Can be interfaced to Apple Il, BBC, etc. 
HVS IMAGE ANALYSING LTD, 
22 Cromwell Road, Kingston, 
Surrey, England KT2 6RE 
Tel; 01-546 9090 
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adequate mixing with incubation volumes 
as small as 1 to 2 ml. Accessory 10-well 
combs align electrophoretic lanes to 
match the spacing of the Deca-Probe 
chambers. 

Reader Service No. 117. 

è Charles River Biotechnical Services. 
Inc. (CRBS) has developed a preliminary 
screening procedure for monoclonal anti- 
body producing cell lines through Hybri- 
doma Assessment and Evaluation (HAE) 
which includes the maintenance and ex- 
pansion of hybridoma cells in vitro; stor- 
age of hybridoma cell lines in liquid nit- 
rogen; MAP testing for murine viral con- 
taminants; murine mycoplasma testing; 
pilot study ascites sample produced for 
approval; ascites yield determination; im- 
munoglobulin yield determination; and 
production of one litre of raw ascites fluid. 
The tests, based on in vivo monoclonal 
production in mice, take approximately 
12-15 weeks from the date CRBS receives 
the cells. Once the yield and viral status of 
a hybridoma are determined, further eva- 
luation of that cell line is not required. 
Each aliquot of ascites fluid (after the ini- 
tial litre) will be produced in approximate- 
ly 6-8 weeks. 
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è The ‘shotgun’ approach to the sequ- 
ence analysis of large DNA molecules in- 
volves shearing into random fragments by 
sonication and then cloning these frag- 
ments into M13 bacteriophage vectors. A 
standard probe sonicator is not entirely 
suitable for this procedure due to the risk 
of DNA contamination. Life Science 
Laboratories of Luton now offer the Mod- 
el W-375 sonicator with a special cup- 
horn probe to overcome this problem. 
The cup-horn is a flow-through device 


ak 


PRODUCT REVIEW————— 





The Life Sciences W-375 sonicator. 

which uses water as both the transfer 
medium for sonication energy and sample 
cooling, allowing the DNA to be treated 
in sealed Sarstedt tubes in small volumes 
and without the risk of contamination. 
Distance from the vibrating tungsten 
probe, power control setting and time of 
treatment can all be adjusted to optimize 
results. The W-375 is a very powerful 
sonicator and breakage normally only re- 
quires 3 or 4 bursts of maximum energy of 
30-40 seconds duration. 
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è The Orgenics DNA Chemiprobe kit 
was a radioactive labelling system for 
DNA in which the DNA probe includes 
DNA chemically modified by a sulphone 
residue so that it becomes an immunogen. 
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Mass ion 


lo ‘Lhe new force in b 


ZetaPrep® Technology. Engineered for mass ion exchange. Powered 
with a unique solid matrix. Thrusting you in to a new age of upstream 
purification. Boosting mass flow and volume flow with results that 
outdate every other known separation method. 

Giving you quantum savings in time and money. 





Unique solid matrix! 


Designed for highly efficient, ultra- 
fast extraction of proteins, peptides 
and enzymes, the ZetaPrep solid 
matrix comes in a cartridge that’s 
completely self-contained. With 

its unique, multi-directional radial 
flow, this patented rigid format of- 
fers optimal surface area for rapid 
bulk binding, plus the strength to 
withstand high flow rates. 

All ZetaPrep housings and cartridges are 
completely sterilizable and compatible — 
with standard equipment. Shown ~~’ 


here is the ZetaPrep 100 for la- 
boratory separations. 
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Economics you just | . 


can’t ignore! 
Capable of one-step puri- Bia. < Jee 
fication and concentration with up to 80% purity or more, ZetaPrep 
will slash your production costs to a fraction of what they are today. 
Because ZetaPrep is so easy to operate, simple to automate and effi- 
cient in use, you'll cut expensive man hours to a minimum. 


ZetaPrep’s incredible flow lets you radically reduce total processing 
time. Gets you fast binding, wash and elution flow rates. And at 
least 10 times higher throughput. With no more packing problems. 
No more fines removal. Just all the benefits of a totally enclosed sys- 
tem—and yields that are truly astounding. 


`~- 


Amazing scale-up potential 


LKB’s comprehensive range of ZetaPrep cartridges and Multi-Cart- 
ridge Systems lets you select different sizes, extend in series or even 
couple in parallel for virtually unlimited flow rate and process capacity. 
With DEAE, QAE and SP functional groups, you can now exploit this 
amazing scale-up potential from lab, through pilot to fullscale industrial 
production. In biotechnology, pharmaceuticals or any other process that 
needs cost-effective purification of proteins and biopolymer products. 
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‘ocess engineering! 


Scale up to 720 liters per hour HIE | 


Find out how much you can win. That'll 
convince you just why ZetaPrep Techno- 
logy has been so successful in such a 
short time. Why many of the world’s 
leading biotech and drug companies 
have gone from initial trials to routine 
industrial processing in just a few | Oi iis 
months. Why you should try ZetaPrep E SP 
yourself. Post this coupon today, and 

we ll send you technical information, Available also in plastic hous- 
full details on test kits available and all i”8 this ZetaPrep 3000 Multi- 
prices. Your nearest LKB office delivers 
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Seeing is believing! 
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Cartridge System, is used for 
full-scale industrial bioproces- 


fast. sing. 
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LKB-Produkter AB. Box 305, S-161 26 Bromma, Sweden. Tel. +46(8)98 00 40, telex 10492 


Antwerp (03) 218 93 35 Athens-Middle East +30 (1) 894 73 96 Copenhagen (01) 29 50 44 Hongkong (852) 5-555555 
London (01) 657 88 22 - Lucerne (041) 57 44 57 - Madras (044) 45 28 74 - Moscow (095) 256-9002 Munich (089) 85 830 


Paris (06) 9286507 - Rome (06) 39 90 33 - Stockholm (08) 98 00 40 - Tokyo (03) 293-5141 : Turku (021) 678 111 
Vienna +43 (222)92 1607 - Washington (301) 963 3200 : Zoetermeer (079) 31 92 01 
Over 60 qualified representatives throughout the world 
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Get more facts fast! . 

C] Please send me more information [O Td like to try ZetaPrep in my lab i 

O Have your technical representative contact me 

Name = aiaa i ! 

Title/Dept ! 
Organization __ 
Address = 
ie Tel. No ive i 


ZetaPrep is manufactured for LKB by AMF Molecular Separations Division ANNA F— 
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Consistent Sera quality; 
Superior cell growths...” 


A commitment fröm REHAFUIN? 
The virus free Fetal Boviñe Serum 


from Armour Pharmaceutical: 


VIRUS FREE. 


Our process yields a serum with 
non-detectable virus titers. * 


CONTROLLED ANTIBODY 
TITERS AND ENDOTOXIN 
LEVELS. 

We can supply REHATUIN*® with 
low to non-detectable BVD virus 
antibody titers and REHATUIN* 
with endotoxin levels less than 
Ing/ mL. 


p= 


"USDA. Ames. lowa Procedure 


COMPUTERIZED CELL 
LINE SCREENING — 
SAVES TIME AND MONEY. 


Our Quality Control Group has cells 
representing over 100 unique lines 
available for screening. Doubling 
time, plating efficiency and con- 


fluent density are determined for ev- 


ery lot. Sera are computer allocated 
by customer cell line specifications. 

Computer selections assure that 
the sera meet your specifications — 
reducing your need for extensive 
testing. 

Our sera meet or exceed U.S. 
government requirements, (Title 9 
Code of Federal Regulations). 


YOU GET QUALITY 
SERVICE FROM OUR SALES 
AND TECHNICAL 
SUPPORT TEAM. 


Armour offers quality standards 
backed by an unsurpassed level of 
technical service and know-how. 


For more REHATUIN" informa- 
tion call 1-800-431-4505 or write: 
Technical Service Manager, 
Biochemicals, Armour Phar- 
maceutical Company, P.O. Box 


511, Kankakee, IL 60901. 

The Armour Biochemical Division 
also provides Normal Calf and 
Horse Sera, and ENZAR" -T (sterile 
Trypsin solution). 
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Armour Pharmaceutical Company 


Biochemical/ Diagnostic Division 


303 South Broadway. Tarrvtown, NY 10591 
1-800-431-4505 (in New York - 1-914-631-8888) 


Biochemicals with Pharmaceutical Quality. 
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Look at the NEW | A 
Automatic Injector ACT- 100”. 


.. because the Pharmacia 
Automatic Injector 
ACT-100 is a versatile, 
microprocessor controlled 
instrument designed to free 
you from the chore of 
repeated sample injection 
while your chromatographic 
separations run automati- 
cally. 


The Automatic Injector 
ACT-100 is the state of the 
art in high performance 
biocompatible chromato- 
graphy equipment designed 
specifically for the 
separation of biomolecules. 
Unlike any other injector, 
the Automatic Injector 
ACT-100 was designed, 





.for automated 


from the beginning, to meet 
the demands of high 
performance separations of 
complex biomolecules. All 
wetted surfaces in the 
ACT-100 are of titanium 
and fluoroplastic. So the 
ACT-100 and FPLC System 
can combine to form a 
totally biocompatible 
system. 


And, like the FPLC System, 
the ACT-100 is completely 
modular. Depending on 
your existing equipment, 
you can select the exact 
system configuration to give 
you a completely automated, 
biocompatible chromato- 
graphy station. 


biocompatible chromatography. 


Complete automation 
with the Pharmacia 
Automatic Injector 
ACT-100 means 


è Automatic analysis of up 
to 95 consecutive samples 
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What to make of nuclear winter 


The International Council of Scientific Unions (ICSU) report on nuclear winter, the supposed 
aftermath of nuclear warfare, is the best on this subject so far. But the policy implications are not clear. 


So do we know what are the policy effects of nuclear war? The 
question ts naturally prompted by the appearance last week of 
the monumental report by the working party called the Scientific 
Committee on Problems of the Environment (SCOPE) set up 
three years ago by the International Council of Scientific Unions 
(ICSU). There are two senses in which the answer can only be 
hesitant assent, neither of which detracts from the value of what 
the committee has done. First, like all previous studies in this 
field going back to the then invaluable document published by 
the government of India in 1957, and to nobody’s surprise, such 
documents inevitably draw attention to problems whose solu- 
tions are not to hand, but whose reality had not previously been 
apparent. Second, there 1s an uncertainty of a different kind 
arising because nobody can be really sure how a nuclear war 
would be conducted by the military The usual starting assump- 
tion 1s that the amount of nuclear explosives used would be a 
substantial fraction of the arsenals of the major powers, which 1s 
fair enough. The conclusions are usually (as in the SCOPE 
study) that a nuclear war would be a near-catastrophe, from 
which some go on to conclude that the steps that some govern- 
ments take to limit anticipated damage (such as civil defence) 
are quite beside the point. But there are all too many reasons for 
believing that nuclear wars falling short of full-scale catastrophe 
are the most likely — an unhappy circumstance because it can 
lead to the concept of a “winnable” nuclear conflict. 

None of this diminishes the value of the SCOPE study, which 
is best regarded as the latest contribution to a sequence of 
studies still far from complete. (Last week’s report, like many of 
its predecessors, 1s also an agenda for research.). But this study, 
to SCOPE’s credit, has been carried out in an open fashion. 
There have been opportunities for those who have had special 
knowledge to speak up at workshops and seminars, the func- 
tions of which have been advertised in advance. As a model for 
the conduct of inquiries in fields in which the uncertainties are so 
huge, SCOPE seems to have broken useful new ground. That 
the actual release of its report should have fallen into the hands 
of publicity managers more free with press releases than with 
copies of the full text (not yet available) is probably best ex- 
plained by the need in the United States to shout even to be 
heard. 


Fallout 


It is nevertheless a pity that the SCOPE report will be disting- 
uished from its predecessors chiefly because it provides an 
assessment of the proposition that nuclear winter may follow 
nuclear war. The other sections of the document, for example 
that dealing with the estimation of the effects of radioactive 
fallout after the explosion of several megatons of bombs near the 
surface of the Earth, 1s ın itself an important argument that 
should not be overlooked. (The conclusions are more gloomy 
than some previous calculations ) Yet nuclear winter needs 
pride of place (and gets it) because ıt is a novel idea only recently 
imported into the discussion of what will happen to those unfor- 
tunate enough to survive the immediate effects of a nuclear war 
The case deserves a hearing, which it will get at least from those 
who may hitherto have thought that geography would insulate 
them from the most damaging effects of nuclear war. 

What SCOPE says about nuclear winter does not differ qual- 


itatively, or in other significant ways, from the earlier accounts 
of nuclear winter (see Turco et al. Science 222, 1283; 1983). 
Smoke from fires ignited by nuclear explosions will be lifted high 
into the troposphere, the Sun will be obscured, the surface of the 
Earth will be cooled, photosynthesis will be stopped in many 
places and animals (including people) will die. The effects will 
be global, extending beyond the frontiers of the states directly 
involved with the war (which ts why states such as India are 
alarmed). Nuclear winters may also be seasonal, with smoke 
from summer wars spreading more quickly. Given the uncer- 
tainties of calculating nuclear winters, it is neither here nor there 
that SCOPE’s estimates of the severity, duration and distribu- 
tion of the effects of nuclear winter are on the cheerful side of 
those of Turco et al. The differences are small, and not impor- 
tant. For the time being, the nuclear winter must firmly be listed 
among the consequences of substantial nuclear wars, re- 
membering that time (but, it is hoped, not experience) will show 
that even present fears are immoderate SCOPE’s antecedents 
require no less. 


Uncertainties 


It is also important that the uncertainties should not be buried by 
last week’s razzamatazz. The SCOPE report acknowledges that 
the severity of a nuclear winter will be a function of the quantity 
of smoke remaining in the atmosphere, which is most probably 
not a linear function of the amount injected but rather an S- 
shaped function rising to a plateau. The quantities are huge, 
measured in tens of millions of tons of elemental carbon in the 
form of micrometre-sized particles Fifty million tons will be 
more than enough to make a serious nuclear winter. (The upper 
range of the SCOPE estimates is some 30 million tons of smoke 
in the atmosphere.) Twice as much will not make things very 
much worse. The crucial question for the theory of the nuclear 
winter is the proportion of the smoke that can be expected to 
stay in the atmosphere SCOPE properly lists the now familiar 
uncertainties, the effects of rain-clouds generated by rising 
plumes of heat, coagulation and so on. The report also allows 
that little 1s so far known of the atmospheric processes on the 
mesoscale (between that of a smoke plume and that of a conti- 
nent) which may have an important influence on the removal of 
smoke, but from now on ıt will probably be wise to follow 
SCOPE’s conclusion that nuclear winter 1s a probable consequ- 
ence of nuclear war. 

So what? The SCOPE report, for all its bulk, has steered clear 
of taking up the implications ofits conclusions But Sir Frederick 
Warner, chairman of the steering committee warned that the 
policy implications cannot be ignored But what are they? For 
forty years, many people and most governments have behaved 
as if they believed nuclear war to be such a potential catastrophe 
that international relations should be moulded so as to avoid tt. 
These good intentions have not been conspicuously successful. 
The possibility now that the effects of nuclear war will be spread 
beyond the territory of the combatants gives non-nuclear coun- 
tries an even greater interest in persuading the nuclear powers to 
arms control. But the countries concerned are already crying 
with frustration at their inability to persuade their bigger 
brothers down the path of mutuai restraint. The certainty that 
billions might die in neutral populations 1s no more likely to 
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affect the strategic relationship between the superpowers than 
the certainty, acknowledged for decades, that some tens of 
million would be put in hazard from radioactive fallout. The 
reasons of course are not technical but political. The SCOPE 
committee might have taken its courage in both hands and said 
that the two activities cannot be separated 

SCOPE seems to argue instead that it is for technical commit- 
tees to stick to the production of technical reports and for others, 
called politicians, to interpret them. The obvious danger is that 
technical arguments and conclusions will be misinterpreted. 
Sometimes, they may even seem to be used mischievously. But 
how can that be done when the conclusion of a technical report is 
as factual as the statement that large-scale nuclear war may have 
consequences even more damaging than previously thought? 
The United States government is right to say that a democracy as 
open as it is itself, is more vulnerable than its adversaries to 
public fears of the results of present policies. Its claim on the 
sympathy even of its friends is however diminished as its own 
policy on arms control becomes to seem more like a means of 
keeping things the way they are. The chances are high that the 
SCOPE report will be used in ways like these to persuade 
governments to make concessions leading to action that may be 
unwise. SCOPE might have acknowledged that the danger exists. 

What else might have been said? With the review conference 
of the Non-Proliferation Treaty coming to what seems (against 
the odds) to be an unexpectedly amicable end, but with several 
months of arms control negotiations, summit meetings and di- 
plomatic troubles lying ahead, SCOPE might have acknow- 
ledged the subtlety of the problems facing governments. It 1s a 
sensible starting point to take 600 megatons as the assumed 
quantity of nuclear explosives likely to be used in a major 
nuclear war, but governments may also fight lesser wars, where 
one or two nuclear bombs may be used in anger before good 
sense gets the better of the combatants, and they stop. (That 1s 
where civil defence comes in.) And while countries that calcu- 
late that even nuclear war would leave them immune from direct 
attack, but which may find nuclear winter a novel threat, should 
be reminded that they have as much to lose from the general 
collapse of international order. That is a point that SCOPE does 
make. ‘ 

What does this mean for research? The SCOPE report follows 
its predecessors in listing topics that call for urgent study Many 
` of these are problems that need more effort on other grounds in 
any case. Mesoscale processes in the atmosphere are a kind of 
missing link in climatology and meteorology. The effect of 
clouds (real clouds, not average cloudiness) on the insolation of 
the surface of the Earth is crucial to a proper understanding of 
the carbon dioxide problem, yet understanding ts far from com- 
plete. These are problems that need most urgently to be taken 
up. The prospect that they may conspire to produce a nuclear 
winter after a nuclear war should be noted as yet another proof 
that nuclear wars are to be avoided, and such funds as there are 
for more research should be put where the scientific problems 
are. In a decade or so, SCOPE would probably be able to 
produce an even better document. The trouble is that the ampli- 
fiers of SCOPE’s conclusions are already being tuned for action. 
When the United Nations secretariat wrote to Nature a few days 
ago requesting permission to reprint extracts from articles on 
nuclear winter, it became plain that its claims on others’ copy- 
right were curiously one-sided. The UN document is due to be 
published next year. O 


Bees in South-East Asia 


The Wall Street Journal's attack on Professor M. 
Meselson’s is unwarranted and unsubstantiated. 


Tue Wall Street Journal, widely acclaimed as one of the best 
newspapers in the world, seems to have a quirky streak that it 
should exorcise. Although the journal’s title suggests a paper 
designed to bring comfort to those whose interests extend no 
further than that day’s deal, in reality the journal is almost 
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always the first with the telling confession of the latest bank to 
have gone to the wall. More than that, the newspaper tells its 
readers perceptively of the best plays wherever they are put on 
in the United States, and it is perhaps most of all distinguished 
by its attempts, mostly successful, to account for economic 
trends by anecdotal accounts of human behaviour — often these 
days a painful interview with a farmer giving up the land — and 
the technical information (how may ECU to the dollar for 
example) is superb. The most obvious curiosity is that the 
thoroughly objective but adventurous body of the paper 
sandwiches each day two editorial pages whose temper ts that of 
the unreconstructed conservative. This does not mean that the 
journal supports the present government of the United States: 
that 1s more often denounced for backsliding from some public 
position or election promise. President Reagan often comes 
through as a kind of “pinko”. Curiously, for a newspaper so 
technically advanced that it can replicate itself at more places ın 
the United States than any other, the Wall Street Journal pays 
very little attention to science, which might be thought to be its 
bread and butter for the long term. 

Except occasionally. Two years ago, the journal startled its 
readers with a sensational series of articles spelling out the way 
in which the Soviet Union was supposed to be using biotechnol- 
ogy as a way of developing new kinds of biological warfare. The 
evil genius behind these schemes was supposed to be Academ- 
ician Ovchinnikov, vice-president of the Soviet Academy of 
Sciences, who inconsistently more often gives the impression 
that his cup of happiness would be full if only he were to succeed 
Academician Aleksandrov as president. Luckily, largely 
because of the internal inconsistencies, nobody of much im- 
portance seems to have taken the biological warfare scare 
seriously. The author of the series of Wall Street Journal articles 
was one William Kucewicz, described as a member of the editor- 
ial board of the newspaper 

Mr Kucewicz last week burst out again, with an attack on 
Professor Matthew Meselson’s claim that many of the reports of 
“yellow rain” in South-East Asia could be explained naturally as 
the excrement of bees. Meselson and some of his associates have 
found material such as this in South-East Asia, although not 
where the material is said to have been used malevolently, to 
damage people (see Nature 309, 205; 1985). 

There is no obvious reason why people wishing to harm 
populations with mycotoxins derived from fungi should choose 
to distribute them in intimate association with pollen particles 
(which occur in some samples from the Vietnamese battlefields, 
and in Laos, where the accusations first surfaced). Meselson 
seems never to have claimed that the absence of mycotoxins in 
particles of yellow rain, whatever their origin, would be a proof 
that the Soviet Union could be defended from the charge of 


„using the countries bordering Vietnam as a proving ground for 


new weapons. 

Mr Kucewicz’s attack on this position is curiously blunt. The 
“bee faeces” theory is discredited, he claims, on the basis of 
Meselson’s confession (when asked) that there were no traces of 
mycotoxin in the samples of bee excrement recovered away 
from the Vietnam battle areas. What, of course, this discovery 
implies ıs one of the possibilities suggested a few years ago, that 
toxic yellow rain might be made from pollen that had been | 
naturally contaminated, perhaps by fungal invasion. To claim 
that the absence of mycotoxins in yellow rain from one place 
proves that there are mycotoxins in yellow rain from another 
place, and that they must have got there by design, presumably 
Soviet, makes no sense that can easily be unravelled. The truth, 
of course, 1s that pollen, airborne or from the guts of bees, was 
never a plausible vehicle for a toxin. To confess that yellow rain 
all comes from bees would not in itself prove that toxins have 
never been used in South-East Asia. Other vehicles might have 
been used. What the bee theory does however do is to discredit 
the investigations on which allegations of the Soviet use of 
biological weapons have been based. The simplest solution 
would be for the State Department to publish the evidence on 
which the allegations are based. O 
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Nuclear winter 


NEWS 


International committee 
echoes gloomy forecasts 


Washington 

THE study of the environmental consequ- 
ences of nuciear war made public last 
week by the Scientific Committee on 
Problems of the Environment (SCOPE) is 
the most ambitious attempt yet to arrive at 
a comprehensive view of the problem. 
The report will be published in two 
volumes, and runs to 800 pages (see also 
p.192). The immediate effects ot nuclear 
explosions and of radioactive fallout are 
considered, but it 1s inevitable that most 
attention will be given to what the study 
says about nuclear winter and the prob- 
able biological consequences for both 
natural and agricultural ecosystems that 
would follow. The modelling in the study 
“extends very greatly” previous work, 
according to the chairman of the study’s 
steering committee, Sir Frederick Warner 
of the University of Essex in England. 

The principal authors of the report ack- 
nowledge the many uncertainties sur- 
rounding estimates of the amount of 
smoke likely to be released from mass 
fires and its residence time in the atmos- 
phere, two key factors for the nuclear win- 
ter principle. But the study found that all 
model simulations considered suggested 
“a strong potential for large-scale weather 
disruptions as a result of smoke injected 
by post-nuclear fires”. 

Although simplifications of the models 
and uncertainties about some physical 
processes may affect the details of predic- 
tions, they “probably do not affect the 
general character of the calculated atmo- 
spheric response”. Tentative estimates in- 
dicate that for a nuclear exchange tn sum- 
mer months in the Northern Hemisphere 
with 6,500 megatonne (MT) equivalent of 
weapons exploded, a temperature drop of 
between 15 and 35° C in the few weeks 
after an attack is plausible for continental 
interiors in the northern midlatitudes, 
with the day-to-day values depending on 
the presence or otherwise of patchy dense 
smoke. (But SCOPE does not believe that 
thresholds in the relation between depth 
of smoke and the amount of radiation 
reaching the ground imply that there is an 
“acceptable” amount of smoke below 
which cooling effects do not occur.) 

Other places in the Northern Hemis- 
phere, especially coastal areas and is- 
lands, might experience much smaller 
temperature drops of between 0 and 5° C, 
because of the effects of convection near 
the ocean/land boundary. But long-term 
effects might last for years and would 
slowly spill over into the Southern Hemı- 
sphere, even if the attack were limited to 
the Northern Hemisphere. Effects of a 
nuclear attack during winter months 


would typically be half as great as those in 
summer 

The estimates of temperature effects 
are based on sophisticated new modelling 
techniques that include the interaction be- 
tween absorption of radiation and move- 
ment of the atmosphere, smoke repre- 
sented as originating from regional 
sources and the use of scavenging rates 
determined by precipitation predicted by 
the model. 

The new models can also lead to a loft- 
ing of the smoke due to warming that leads 
to a changed atmospheric temperature 
profile, the tropopause in the Northern 
Hemisphere can be lowered to 5 km, and 
the smoke above the new tropopause 
would not be efficiently scavenged, again 
leading to longer residence times (and de- 
creased precipitation). The effect is more 
pronounced in summer because there is 
more solar energy to loft the smoke. 

SCOPE has made new estimates of the 
quantity of smoke that would probably be 
produced in mass fires resulting from a 
6,000 MT exchange. It arrives at an esti- 
mate of from 30 to 150 million tonnes once 
early scavenging has removed between 30 
and 50 per cent of gross input, about 30 
million tonnes of the remaining total 
would be strongly light-absorbent amor- 
phous elemental carbon which, if spread 
over the Northern Hemisphere, could re- 
duce insolation at the ground by 90 per 
cent. But the SCOPE authors admit that 
the effects of early scavenging represent 
one of the greatest sources of uncertainty, 
and the parameters are acknowledged as 
simplistic. Because of the strong concen- 
tration of fossil fuels and related products 
around cities and towns, the near-total 
burnout of less than one hundred of the 


Soviet missing person 


Washington 

Tue SCOPE report on the environmental 
consequences of nuclear war pays special 
tribute to the contribution of Vladimir 
Aleksandrov, the Soviet nuclear winter re- 
searcher who mysteriously disappeared in 
Madrid earlier this year. Asked about 
Aleksandrov at the press conference 
announcing the SCOPE report, Sir 
Frederick Warner of the University of 
Essex, chairman of the project steering 
committee, said that Aleksandrov’s where- 
abouts remained a mystery and a source of 
concern. He immediately offered the ques- 
tion to N. Lukyanov, who (like Aleksan- 
drov before his disappearance) works at 
the Computer Centre of the Academy of 
Sciences of the USSR in Moscow. Lukanov 
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world’s largest industrialized areas would 
cause the burning of 25-30 per cent of the 
combustible materials of the developed 
world. 

The SCOPE study explicitly disavows 
the term “nuclear winter”, which it says ts 
too restricting for the multitude of poss- 
ible effects of a nuclear war The study 
makes some assessment of the effect of 
toxic substances other than smoke likely 
to be produced in a nuclear exchange 
Nitrogen oxides, which may destroy 
atmospheric ozone, are seen as signifi- 
cant. And there are new gamma-ray dose 
estimates that suggest that under the same 
6,000 MT exchange (about half the 
world’s nuclear arsenal), lethal external 
gamma-ray doses (assuming no protective 
action) would cover 7 per cent of the land 
area of the United States, Europe and the 
Soviet Union If spent nuclear fuel rods 
were distributed in the environment, the 
dose could be trebled. SCOPE also con- 
siders the effects of electromagnetic 
pulses (EMPs) caused by nuclear explo- 
sions 

SCOPE breaks new ground ın its assess- 
ment of the biological consequences of 
cooling effects. The report considered the 
effects for a range of possible attack sce- 
narios Stress due to lowered tempera- 
tures, lowered light imtensities and in- 
creased levels of ultraviolet light 1s found 
to have very serious consequences for 
agricultural systems in particular and, 
when taken in conjunction with levels of 
food in store in different countries, 
threatens starvation on a large scale. Even 
rather modest decreases in average 
temperatures — say 5° C for a growing 
season —~- would, for example, make the 
cultivation of wheat ın Canada imposs- 
ible. Many staple food crops, especially 
rice, are extremely vulnerable to tempera- 
ture shifts, particularly during the growing 
season. The report recommends urgent 
research to clarify the effects of stress on 
crops as well as a comprehensive pro- 
gramme on the physics of smoke plumes 
and scavenging. Tim Beardsley 


said he was an old friend of Alksandrov’s 
but could add nothing to Sir Frederick’s 
statement other than “we miss him”. 

The absence of information about Alek- 
sandrov did not of course prevent specula- 
tion in the corridors of the US National 
Academy of Sciences, which was host to the 
1985 SCOPE general assembly. One 
theory was that Aleksandrov, who by one 
account had unexplained conversations 
with Swedish scientists immediately before 
his disappearance, had planned to defect to 
the West. According to this theory, his dis- 
appearance was a pre-emptive move by 
Soviet intelligence services; Aleksandrov’s 
whereabouts are believed to be unknown to 
the intelligence services of any Western 
country. Tim Beardsley 
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NEWS 


Other ways to reduce risks 


Washington 

THERE is much that can be done to reduce 
the risks of nuclear war independently of 
high-level strategic negotiations between 
the superpowers, according to the Amer- 
ican Assoctation for the Advancement of 
Science committee on science, arms con- 
trol and national security. At a congres- 
sional seminar held here last week, the 
committee suggested several possible 
courses of action, including developing 
better crisis control mechanisms, streng- 
thening conventional military forces, 
“confidence building”, avoiding provoca- 
tive strategic policies and trying to reach 
agreement on the reduction of nuclear 
weapons. 

Congress last year passed a non- 
binding resolution calling for the estab- 
lishment of nuclear risk-reduction cen- 
tres. The feasibility of the centres was in- 
vestigated by a group led by Senators Sam 
Nunn (Democrat, Georgia) and John 
Warner (Republican, Virginia) and used 
information from studies at Harvard, 
Stanford and Georgetown Universities in 
making specific recommendations. Last 
month, the Reagan administration for- 
mally agreed with the proposals and the 
concept was outlined to Mr Gorbachev by 
a group of senators who visited Moscow 
earlier this month. The Soviet reaction is 
reported to be “positive” and it is possible 
that the proposals will be included in the 
formal negotiations in November. 

Nuclear risk reduction centres would 
maintain a 24-hour watch on events that 
might lead to a nuclear conflict and would 
be linked directly to relevant political and 
military authorities. One function of the 
centres would be to provide fast informa- 
tion about accidental or unauthorized 
launch of nuclear missiles, others would 
be the exchange of information about 
safety devices, joint planning during ter- 
rorist incidents, cooperation in any nuc- 
lear detonation by a third party and ex- 
change of information about potentially 
threatening or misleading military activi- 
ties, such as manoeuvres. The centres 
would not have a role in the resolution of 
“genuine” crises or in the negotiation of 
agreements, but would provide an institu- 
tionalized mechanism for a dialogue on 
how the United States and the Soviet 
Union perceive nuclear weapons risks in- 
dependently of political negotiations. It 1s 
suggested that the centres be built in the 
two capital cities and linked via soph- 
isticated real-time communications; there 
would be a hatson officer from each 
embassy. The centres, if established, 
would begin “modestly” with a narrowly 
defined function and would gradually 
evolve more complex roles, forexample, a 
continuously updated database on nuclear 
forces could be maintained. Exactly how 
the centres would function and their res- 


ponsibilities await their appearance on the. 


negotiation agenda. 

The School of Government at Harvard 
University has produced an Agenda for 
Avoiding Nuclear War by lessening the 
chance of errors or accident. The propos- 
als include the maintenance of a credible 
nuclear and conventional military deter- 
rent, crisis management training for per- 
sonnel involved in making decisions under 
pressure and establishing procedures for 
termination of crises. Many of these sug- 
gestions have been incorporated in a re- 
solution passed recently by Congress, 
which requires a report on the proposals 
from the State Department by January 
1986. A similar resolution requiring the 
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Department of Defense (DoD) to assess 
the suggestions is likely to be passed later 
this month. 

Further specific recommendations 
made to congressmen include the estab- 
lishment of an annual “risk of nuclear 
war” report, requiring DoD and other re- 
levant agencies to assess the effects of new 
weapons systems not only on arms control 
but also on the broad array of factors that 
affect the risks of nuclear war. Others are 
more funding for intelligence collection 
and modernization of communications 
and sanctions against non-nuclear 
weapons states that try to acquire nuclear 
weapons without imposing adequate safe- 
guards. Representatives of the committee 
on science, arms control and national 
security say they are pleased by the in- 
terest shown by congressmen in their 
proposals. Maxine Clarke 





Nuclear winter 


Mechanics of SCOPE report 


Washington 

THE Scientific Committee on Problems of 
the Environment (SCOPE) pulled no pun- 
ches in presenting the principal conclu- 
sions of its report on environmental con- 
sequences of nuclear war in Washington 
last week 

The report, not yet formally published, 
is the product of a study launched in June 
1982. The work has been carried out by a 
series of workshops, involving more than 
300 physical scientists and biologists, and 
organized by a steering committee 
directed by Sir Frederick Warner and 
based at the University of Essex. 

Mark Harwell of Cornell University, a 
principal author of the section of the re- 
port dealing with biological effects, said 
the key conclusion was that the indirect 
effects of a plausible nuclear war, princi- 
pally starvation due to crop failures, might 
kill up to 4,000 milhon people, besides the 
several hundred millions who might die 
from direct effects. He invoked mass 
starvation in Ethiopia and the Sudan as 
more appropriate images of the aftermath 
of nuclear war than Hiroshima and Naga- 
saki, and estimated that more might die in 
a non-combatant nation such as India than 
in the Soviet Union and the United States 
put together. 

Although the SCOPE report does not 
address policy questions, the SCOPE 
steering committee makes no secret of its 
wish that policy lessons be drawn from it. 
Sir Frederick Warner said that “anybody 
who thinks they can read this and not draw 
policy conclusions ıs making a big mis- 
take” 

Through SCOPE’s parent body, the In- 
ternational Council of Scientific Unions 
(ICSU), efforts are being made to ensure 
that the striking conclusions from the new 
study are conveyed to the highest levels of 
government. The Prime Minister of India, 
Rajiv Gandhi, is already known to have a 


special interest in the subject, and the re- 
port has been directed as well to officials 
in the governments of Australia, the Un- 
ited States, the Soviet Union and Britain. 

The US Secretary of Defense, Caspar 
Weinberger, has said little on the subyect 
of “nuclear winter”, the usual name for 
large-scale cooling effects following a nuc- 
lear war. But an internal State Depart- 
ment memorandum to Secretary of State 
George Schulz dated 16 August 1984 says 
that “the implications for US policy of the 
nuclear winter theory as it 1s being argued 
by Turco, Toon, Ackerman, Pollack and 
Sagan (in Science 222, 1283; 1983) could 
be profound if the administration- 
sponsored studies agree with Turco et al.’s 
conclusions and/or if, by default, congres- 
sional and public attitudes are moulded by 
those results”. 

The US National Academy of Sciences 
study on the subject, published at the end 
of 1984, supported the “clear possibility” 
that the climatic consequences of a nuc- 
lear war might include a severe cooling of 
the kind described. 

For last week’s launching, SCOPE took 
the unusual step of hiring a public rela- 
tions organization, the Center for the 
Consequences of Nuclear War, to publi- 
cize the report to the Washington press. 
The report will be formally published later 
this year, and a final version is nearing 
completion with support from private US 
foundations. ICSU has established a group 
to look at the conclusions and decide what 
research should be done next. 

Some of the report’s authors urged the 
audience at a scientific presentation of the 
results last week to use the report to 
oppose the use of nuclear weapons. Anda 
Japanese SCOPE delegate, Yasuo Shi- 
mazu of Nagoya University, circulated an 
impassioned plea to delegates urging them 
to take active steps to prevent nuclear war 
from starting. Tim Beardsley 
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Ariane launcher 


NEWS 


Run of successes is broken 


Tue fifteenth launch of Ariane. Europe's 
expendable space launcher. ended as a 
further expense for space insurers last 
week. In the presence of the French 
President. M. Francois Mitterrand, the 
rocket had to be blown up over French 
Guiana with two communications satel- 
lites on board. The bill. according to 
Lloyd's of London, which had arranged 
the insurance of the satellites, will amount 
to some $170 million 

But “there's no need to panic” over the 
future of the European space effort, a 
spokesman for Arianespace, the company 
that builds Ariane, said the day after the 
accident. According to Klaus Iserland, 
deputy director-general of Arianespace 
for technical matters, “the opposite situ- 
ation” has prevailed for a few months: 
panic in the United States over satellite 
losses by the space shuttle and fears that 
Europe might sweep the board “This one 
failure may reduce their panic a little but 
it’s not suddenly going to reverse things.” 

The exact reason for failure in the 
Ariane 3 rocket is still unknown, so the 
effect of the loss on the Ariane launch 
programme is unpredictable. All that is 
known is that something went wrong with 
the ignition of the third-stage motor. 
Real-time data from the motor indicated 
the beginnings of ignition — a pressure 
build-up in the combustion chamber — 
and ignition was announced, but a few 
seconds later it was clear that the motor 
had not in fact ignited. The payload and 
third stage were then calculated to be on 
target for “a populated area”, according 
to the European Space Agency, whose 
communications satellite ECS3 was 
aboard, and ground crew at Kourou then 
pressed the destruct button. 

Now, teams are at work in Kourou and 
at the headquarters of Arianespace at 
Evry, near Paris, to analyse every hun- 
dredth of a second of telemetry from the 
launch vehicle to determine exactly what 
went wrong (which may take a few days) 
and why (which could take weeks). Iden- 
tical third stages have been used on four 
previous Ariane 3 launches without any 
apparent problems, said Iserland 

The effect on the Ariane launch pro- 
gramme depends on the fault. If pinned 
down to a single faulty component, 
perhaps one which turns out simply to be 
from a poor batch, “we could be back very 
quickly” says Iserland. If, on the other 
hand, the problem is more complicated 
and requires design modifications and 
ground testing of the motor, the return of 
Ariane could take months. 

Meanwhile, insurers who were tearing 
their hair out over space losses even be- 
fore the latest failure may now be more 
difficult to convince that Ariane is really 
more reliable than the space shuttle But 
Arianespace ıs going to continue to argue 


that insurers should not attempt to re- 
cover losses on shuttle insurance by high 
premiums on Ariane. Lloyd's plans to 
wait to see the reaction when the next 
“risk” [a satellite to insure] comes on the 
market. Robert Walgate 
è The European Space Agency (ESA) 
claimed last week that it could meet its 
commitments to provide the European 
telecommunications satellite organiza- 
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tion, Eutelsat, with four communications 
satellites, despite the loss of ECS3 on 
Ariane. A fourth satellite, ECS4, 1s under 
development for launch ın early 1987, and 
ESA says the programme could be ac- 
celerated to get ECS4 in space by mid- 
1986. A fifth satellite in the ECS series, 
a spare, will now also be made ready for 
production as ECS5S. The programme has 
already been voted and funded “so ESA 
can meet tts obligations without any dif- 
ficulty.” Launch costs for ECS5 will come 
from the $65 million insurance that ESA 
took out on ECS3 O 





Berne Convention 


Britain lags on protection 


Bars are well protected in Britain. They 
have ıt so good, in fact, that if other anim- 
als were equally well protected under the 
Wildlife and Countryside Act, Britain 
would have an excellent track record of 
enforcing the Berne Convention, which is 
the principal international agreement 
monitoring Europe’s endangered wildlife. 
Instead, according to a report published 
last week by Wildlife Link, a consortium 
of environmentalists, Britain is failing to 
provide adequate habitat or protection for 
the animals it has promised to conserve. 

“Britain voluntarily signed the Conven- 
tion in 1979", says World Wildlife Fund 
consultant Simon Lyster. “They knew 
what they were letting themselves in for.” 
The European Wildlife Convention, 
signed in Berne, outlines protection pri- 
orities for strictly protected plants (Ap- 
pendix J), strictly protected animals (Ap- 
pendix II) and protected animals (Ap- 
pendix III). Britain’s Wildlife and 
Countryside Act is intended to implement 
this agreement. 

Corncrakes and merlins, great crested 
newts and smooth snakes: the Berne Con- 
vention is notable for the nonglamorous 
animals it protects. Providing that protec- 
tion, however, requires complete surveys 
of animal habitats and population levels. 
France and West Germany, says Mr Keith 
Corbett of the British Herpetological 
Society, are running large computerized 
surveys of habitats, but the Nature Con- 
servancy Council (NCC), which is entrust- 
ed with Appendix II protection, relies on 
unsystematic questionnaires. Habitat of 
very rare species, such as the corncrake, is 
not too difficult to identify; but “NCC is 
complaisant about great crested newts” 
because of their comparative numbers 
even though Britain has a large percent- 
age of the European population. 

The Wildlife Link report also points to 
the need to identify and defuse threats to 
wildlife populations protected by the con- 
vention. Otter numbers, for example, 
have not withstood pesticides, riverbank 
clearance and eel traps. At least 90 otters 
have been killed in eel traps in the past 
nine years, even though otter-excluding 
devices are easily installed. Identifying 


threats, ın other words, is only useful if the 
government offers incentives to farmers, 
companies and river authorities to modify 
their behaviour where necessary to pro- 
tect endangered species. 

Under the Wildlife and Countryside 
Act, the previously existing system of 
Sites of Special Scientific Interest (SSSI) ıs 
now being used and expanded as a means 
of upholding the Berne Convention. NCC 
must “renotify” an owner of an SSSI and 
identify the potential threats to the wild- 
life population there before the owner 1s 
obliged to negotiate with NCC over 
planned changes to the site. Only half the 
owners of Britain’s 4,000 SSSIs have been 
renotified in the past three years, and it 1s 
unlikely that new SSSIs will be set up 
before this process is finished. 

A principal problem of the SSSI system, 
according to the Wildlife Link report, 1s 
that SSSIs are chosen to protect repre- 
sentative types of environment — say, 
wetland or moor — and not species- 
specific habitats. What good, say environ- 
mentalists, ıs there in having the breeding 
areas of the merlin within SSSIs if its hunt- 
ing grounds are not also protected? It 
would have been just as easy, claims Mr 
Lyster, to place the conifer plantations at 
issue in a different part of the uplands. 

The sale of Appendix III species in Bri- 
tain, such as frogs and smooth snakes, is 
controlled by a licensing system under the 
Department of the Environment. The sys- 
tem is “ludicrous”, says Mr Corbett: the 
department has no idea how many animals 
are taken from the wild or where they 
come from Three people in Britain ap- 
plied for licences in the first half of 1984; 
yet well over 20,000 frogs were sold from 
Cornwall alone in 1983-84. 

Britain’s bats were lucky to have a suc- 
cessful lobby when the Wildlife and Coun- 
tryside Act was passed, but any deficien- 
cies of that act may not be the real prob- 
lem Britain has a good record with other 
international conventions on endangered 
species, but these affected such groups as 
jaguar-skin traders, not interests spread 
over the country. “The law is good 
enough”, says Mr Lyster, “if the govern- 
ment wants it to be ~“ Elizabeth Collins 
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ASAT 


NEWS 


US weapons test criticized 


Washington 

THE United States’ successful testing of 
ts controversial new anti-satellite 
(ASAT) weapon against a satellite target 
last week took place despite the attempts 
of four Democratic congressmen and the 
Union of Concerned Scientists (UCS) to 
prevent the test. 

The congressmen, together with UCS, 
had asked a US District Court judge to 
block the test because, they alleged, Pres- 
dent Reagan has not yet met a congres- 
sional requirement that he certify the Un- 
ited States 1s negotiating in good faith with 
the Soviet Union to reach an agreement 
on limiting anti-satellite weapons The 
case was dismissed by the judge because it 
was a political matter that should not be 
determined by the court 

The reaction from the Soviet Union to 
the test was predictably hostile. an embas- 
sy spokesman said the test would “inevit- 
ably entail negative consequences” for 
arms negotiations, especially since the 
Soviet Union has “exercised restraint” 
over ASAT weapons. The Soviet Union 
declared a moratorium on testing its own 
anti-satellite sys.cm two years ago but has 
threatened that a US decision to proceed 
with a satellite target test could lead to its 
own tests being re-started. 

In its submission to the court last week, 
UCS included affidavits from two con- 
gressional observers at the US-Soviet 
arms control negotiations in Geneva. The 
observers testified that the United States 
has not responded to a Soviet proposal to 
ban testing of ASAT weapons, and that 
the United States has made no proposal of 
its own on the subject. 

Critics of the test last week contend that 
it was conducted primarily for its political 
impact at Geneva, rather than for a 
genuine security need. The Soviet ASAT 
system is thought to be largely ineffective, 
and the target destroyed in last week’s test 
was an out-of-service scientiftc satellite 
that was not properly instrumented to re- 
lay details of the weapon’s performance. 
Technical problems continue to hold up a 
dedicated target satellite that was original- 
ly planned for the test. 

Another factor that may explain the 
administration’s enthusiasm to press 
ahead with the test, according to UCS, is 
that the technology of the ASAT’s minia- 
ture homing vehicle 1s relevant to the 
Strategic Defense Initiative (star wars). 
The miniature homing vehicle, which des- 
troys its target by the force of its impact, 
contains sophisticated infrared sensors 
that track the target and computers which 
fire 56 small steering rockets (each one no 
more than once). One component of the 
star wars research programme calls for 
“space based kinetic kill vehicles” that 
would be launched by rockets from an 
orbiting battle station at missile re-entry 


vehicles, the sensor and steering technolo- 
gy involved would be essentially identical 
to that in the ASAT weapon 

UCS says, however, that last week’s 
successful test against a single satellite 
should not be seen as evidence that a com- 
pletely effective star wars missile defence 
is feasible. Most of the technical objec- 
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tions to such a system concern the difficul- 
ties of tracking large numbers of re-entry 
vehicles and of distinguishing real re-entry 
vehicles from decoys 

The ASAT weapon tested last week 
probably has an altitude range of no more 
than 700 kilometres, as UCS also points 
out. which would put only 16 Soviet satel- 
lites within range of the weapon. 

UCS 1s considering an appeal against 
last week's dismissal of its case. 

Tim Beardsley 





Supercomputers 


UK machines oversubscribed 


“Tre Americans are seemg shadows that 
we do not” is the attitude of British uni- 
versity researchers and computer centres 
to US pressure for restricting Eastern bloc 
access to supercomputers. More to the 
point, the issue is irrelevant: the small 
numbers of supercomputers available for 
research as well as the costs of bidding for 
time on them create a self-imposed restric- 
tion that renders US pressure unneces- 
sary. 

Britain has two regional centres, in 
London and Manchester, for university 
research involving supercomputers. 
Funding for these centres was originally 
justified by the cost-effectiveness of doing 
certain types of research on machines 
working at speeds in the gigaflop range. In 
the short time since the London Cray coni- 
puter came on-line in 1983 and the Man- 
chester Cyber in 1984, the centres have 
become oversubscribed. Even if a new 
supercomputer centre 1s set up at the 
Rutherford Appleton Laboratory (see 
Nature 316, 569; 1985), the original cen- 
tres could quickly fill the additional capac- 
ity both are now seeking. 

Researchers wanting time on one of the 
supercomputers are screened through 
their universities or Britain’s research 
councils, which then place bids for super- 
computer access. Any government- 
imposed restrictions, therefore, would 
have to be aimed at all of Britain’s univer- 
sities, not just the two supercomputer cen- 
tres, even though those centres make the 
final decisions about usage Those lucky 
enough to be registered then use terminals 
in their own universities connected to the 
supercomputer (no instances are known 
of the password being broken). Time on 
the supercomputer, in other words, 1s so 
highly coveted that completing unautho- 
rized work, particularly of any volume, on 
either machine is highly unlikely The 
London and Manchester supercomputers 
are reserved for the use of the UK 
academic community and the work done 
on them, says Dr John Martın of the Man- 
chester centre, has “no potential strategic 
implications whatsoever”. 

One possible avenue of US pressure is 
the inability of US companies. for whatev- 
er reason, to deliver computers on time or 
attempted imposition of restrictions on 
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the machines’ use No restrictions or prob- 
lems, says Dr Martin, were encountered 
during negotiations for the supercompu- 
ters already in place. “American com- 
panies are very keen to sell in Britain”, 
says Dr Herbert of the Computer Board 
for Universities and Research Councils, 
and there is no evidence of intended press- 
ure by US companies over machines for 
the proposed Rutherford centre. Nor 1s 
there any need for concern that supercom- 
puter hardware will be resold outside Bri- 
tain: such transfer, says Dr Herbert, “will 
never happen with supercomputers”. 

A concern of more relevance to uni- 
versity computer users, says Dr Martin, 1s 
the increased strength of restrictions 
placed by CoCom, the body coordinating 
Western high-technology export controls, 
on software produced either by universi- 
ties or commercially. The blanket cover- 
age of these restrictions is perceived as 
resulting in strict export limitations on 
software with no strategic tmplications at 
all. Elizabeth Collins 


More than super 


According to recent reports in the Soviet 
media, the Soviet Union has developed a 
new “supercomputer”, capable of per- 
forming 200 million operations a second 
(more than 10 times faster, it is claimed, 
than the US Cyber-73). The supercompu- 
ter, it is claimed, was developed entirely 
with Soviet resources, using a “basically 
new and more effective” data processing 
system, developed after the United States 
administration introduced restrictions on 
the sale of computers to the Soviet Union. 
According to Moscow Radio (30 Au- 
gust), Western reports that the Soviet Un- 
ion is lagging behind in electronics and 
computers are simply disinformation, 
circulated by those who seek to “discredit 
socialism and belittle its economic and sci- 
entific potential”. Since electronics has be- 
come the key to industrial development, 
the commentator said, it must be clear to 
everyone that the Soviet Union, which 
accounts for one-fifth of the world’s in- 
dustrial production, cannot let itself be de- 
pendent on electronics imports. 
Vera Rich 
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Nuclear technology transfer 


NEWS 


Troubles for US—China pact? 


Washington 

THE transfer of nuclear technologies from 
the United States to China would provide 
short-term benefits but could pose risks to 
the United States by the end of the century 
if relations between the two countries 
were to deteriorate, according to a tech- 
nical memorandum issued last week by 
the Office of Technology Assessment 
(OTA)*. The report was part of the evi- 
dence presented at a congressional hear- 
ing on the US nuclear energy cooperation 
agreement with China, which establishes a 
basis for cooperation between the United 
States and China ın peaceful applications 
of nuclear energy; it 'is not a commitment 
to supply technology and expertise. 

Increased trade, improved relations 
between the two countries and increased 
world energy supplies are the immediate 
benefits of technology transfer, OTA 
says. Exports to China could be worth 
several thousand million dollars in the 
next decade. OTA thinks it unlikely that 
China will find US reactor technology use- 
ful in nuclear weapons programmes, but 
expresses concern about China re- 
exporting to other countries and the dis- 
position of spent fuel. Declarations by 
China’s leaders that they will not assist 
others to develop nuclear weapons lack 
the force of a written treaty. But Ambas- 
sador Richard T. Kennedy, US negotiator 
of the agreement, said last week that Chi- 
na has made “significant new statements 
of its non-proliferation policy” and that he 
is satisfied that these policies are “consis- 
tent with our own basic views”. 

OTA warns, however, that China’s nuc- 
lear submarines could benefit from “expo- 
sure to sophisticated nuclear industrial 
practices” in making possible quieter, 
more reliable and more powerful vessels. 
But the effects of a pact would be limited, 
says OTA, as China already has the repro- 
cessing and enrichment technology that 
could create proliferation dangers and is 
importing from other countries the exper- 
tise that could be useful in improving 
weapons. Most energy technologies have 
no direct military applications, and the 
US-China pact expressly excludes the 
transfer of enrichment and reprocessing. 

OTA was asked to produce the report 
by the Senate Banking Committee and a 
subcommittee of the House Energy and 
Commerce Committee. Senator Jake 
Garn (Republican, Utah), chairman of 
the former, strongly criticized the report 
for concentrating on the benefits to China 
and ignoring questions such as the future 
impact of technology transfer on US 
security and the effects of a strong China 
on countries in the region allied to the 
United States. Representative Ed Markey 
(Democrat, Massachusetts), a member of 
the House of Representatives’ committee, 
questions whether the agreement will be 


of significant value for US trade because 
of competition with French, German, 
British and Japanese companies already 
bidding for existing contracts, and be- 
cause China ıs likely to become self-reliant 
in nuclear technologies very quickly. Mar- 
key criticized the vagueness of the agree- 
ment over the exchange of information 
and US visits to nuclear facilities in China. 

Markey is attempting to show that the 
agreement violates the Nuclear Non- 
Proliferation Act of 1978 but it ıs unlikely 
that he will be able to stop Congress ratify- 
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ing the pact. If he proves he is right, Presi- 
dent Reagan must resubmit the agree- 
ment to Congress with a waiver for those 
parts of it that do not meet statutory re- 
quirements. Congress would then have to 
approve of the pact by a joint resolution, 
which would give it special status Other 
countries with technology transfer agree- 
ments with the United States would not 
then be able to use the US-China pact as a 
precedent for renegotiation More 
probably, Markey’s bid will fail and 
the pact will be ratified by default 90 days 
after its introduction by the President to 


Congress, February next. Maxine Clarke 


"Energy Technology Transfer to China, US Government 
Printing Office, Washington, DC 20402 $4 50 





Poland 


Government denies pollution 


CLams that Poland ts “the most ecologi- 
cally threatened country in Europe” were 
denied last week by the Polish govern- 
ment press spokesman, Mr Jerzy Urban. 
The disputed report, he said, which was 
produced by the Polish Academy of Scien- 
ces’ Committee on the Chemical Sciences 
is “not official”, and its “alarmist and ex- 
aggerated” formulations are merely the 
views of “individual contributors”. 

Urban’s criticism was ostensibly aimed, 
not at the report itself, but at an article 
based on it, which appeared ın the daily 
Zyccie Warszawy (Warsaw Life) on 30 
August. Refuting the article during his 
regular Tuesday press conference with 
foreign journalists, Urban claimed that 
Poland had “threatened areas”, but no 
“areas of ecological disaster”. Moreover, 
he said, the report did not reflect the gov- 
ernment’s commitment to the protection 
of the environment. The data used, he 
alleged, derived from the 1970s and even 
earlier. 

In fact, the data of the academy’s report 
cover the period up to the end of 1983. Ina 
bold and, for present-day Poland, unusual 
move, the editors of Zyccie Warsawy next 
day published a leading article saying that 
although the government spokesman had 
access to more data than did its journalists 
{an allusion to the tacit reimposition of 
censorship in matters relating to the en- 
vironment), a report presented to the 
Sejm (Parliament) in June by the head of 
the government’s Office for Environmen- 
tal Protection had “presented the current 
situation without beating around the bush 
and without concealing the serious dan- 
gers prevalent in certain areas”. 

The dismissal of the academy report as 
merely the views of certain individuals 1n- 
evitably raises doubts as to the Polish gov- 
ernment’s willingness to listen to experts 
whose message fails to accord with the 
government viewpoint In fact the acad- 
emy document follows closely that of the 
report to the Seym, even to the definition 
of 23 ecological “disaster areas”. Other 
points raised by the academy include: 


@ A “shocking” increase in the number of 
retarded children in Upper Silesia, due to 
the increased concentration of heavy met- 
als, particularly lead, ın the environment. 


.@ Air pollution in Poland ıs now the worst 


in Europe; of 1,066 factories whose emis- 
sions have been classified as environmen- 
tally harmful, only half have fixed max- 
imum emission levels while 304 of the 
worst emitters have no set limits at all. 

@ The volume of automobile exhaust 
fumes is disproportionately high com- 
pared to the number of vehicles and, in 
spite of the severe fuel shortage, Polish 
vehicles burn twice as much fuel per 
kilometre as the world average. 

@ Poland has the highest proportion of 
smokers 1n the world, and the cigarette 
quality ıs particularly low, so that tobacco 
is a major source of indoor pollution. 

@ Of the 4,700 million m’ per year of waste 
water requiring treatment, almost half is 
discharged into rivers, lakes and the sea 
without treatment and another 30 per cent 
receives only mechanical treatment. More 
than 50 per cent of Polish cities, including 
Warsaw, have no sewage works. Seepage 
from urban and industrial effluent and the 
excessive use of fertilizers has led to mas- 
sive degradation of ground waters. 

The academy’s report also claims that 
food crops are heavily polluted by indust- 
rial emissions. Close to urban industrial 
complexes, the concentration of cadmium 
is as much as 220 times the natural level, 
near the Boleskaw and Miastecsko Slaskie 
metallurgical works, the concentration of 
lead in market garden produce reached 
230 mg per kilo (the maximum permissible 
dose is 3 mg per person per week). 

According to Zyccie Warsawy, the team 
who prepared the report did so “to repre- 
sent the strategic problems and suggest 
necessary action... with a measure of 
faith in its usefulness, despite the fact that 
examples from the recent past do not war- 
rant such optimism”. Mr Urban’s une- 
quivocal rejection of their report suggests, 
alas, that such “optimism” is still unjusti- 
fied. Vera Rich 
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CORRESPONDENCE 


NERC scheme criticized 


Sir—Sir Ronald Fisher once remarked 
that research students are the most impor- 
tant people in a university, so that the 
mechanism used by research councils for 
the award of research studentships is 
bound to be of great interest. The Natural 
Environment Research Council (NERC) 
has recently published a report of a com- 
mittee under Professor R.J. Berry to re- 
view its own much criticized “project 
method” (Report of the Research Stu- 
dentship Allocation Review Committee, 
November 1984). 

By contrast, the Science and Engineer- 
ing Research Council (SERC) has always 
allocated (as NERC formerly did) a num- 
ber of studentships to individual universi- 
ty departments. Undergraduates apply to 
departments, are chosen for their poten- 
tial quality and themselves choose the 
field of research in which they would like 
to work and thus their supervisor. 
NERC’s scheme, introduced some years 
ago, gives a central role to its four training 
awards committees, each of which re- 
ceives from each department in its field a 
list of 10-20 projects. The geological sci- 
ences training awards committee, for ex- 
ample, receives about 600 projects to 
which, in a two-day meeting, ıt allocates 
about 100 studentships. Two practical dif- 
ficulties have emerged. Students may wish 
to work in a department on a project that 
happens not that year to have been desig- 
nated, while the department may not be 
able to find anyone that year who wishes 
to work on the projects chosen. 

There are more fundamental objections 
to the scheme. It removes from university 
departments to these committees an 
essential educational role. I have also 
argued (Nature 271, 704; 1978 and The 
Observatory 102, 164; 1982) that the ratio 
of geophysical to geological studentships 
is too small both for scientific advance and 
for national needs. The reason appears to 
be that there are many more geology than 
geophysics departments in universities 
and geophysics is still mistakenly equated 
with subdivisions of geology, such as stra- 
tigraphy, rather than being considered as 
an equal discipline: the Training Awards 
Committee consists of about 16 members, 
only one of whom is essentially a geo- 
physicist. So the more fundamental 
aspects of geophysics as compared with 
those aspects closely related to crustal 
geology are under-represented in the pro- 
jects chosen. 

The Berry Committee consisted of the 
present and former chairmen of the geolo- 
gical science training awards committee, 
two former secretaries of the Medical and 
Agricultural Research Councils and Pro- 
fessor J.F. Dewey, who recently resigned 
from NERC’s council (Nature 313, 730; 
1985). It invited views on the project 
method and included a number of these in 
its report. From geology and geophysics 


departments, there are 13 against and 4 
for the scheme, but from the biological 
departments there are 10 for and 5 
against. This asymmetry, not commented 
upon, may well arise because, for geosci- 
ence departments, the NERC scheme is 
the only way of supporting research stu- 
dents, whereas all biological departments 
also obtain research students from SERC. 

The committee does not meet the critic- 
isms of the NERC scheme raised by its 
respondents. For example, a geology pro- 
fessor states: “To anyone with a know- 
ledge of the strength of geological sciences 
departments within the UK, the distribu- 
tion of earmarked awards between them 
does not look sensible; major depart- 
ments with high quality staff and vigorous 
research schools that are known to pro- 
vide first-class research training are being 
underused for this purpose”. The commit- 
tee does not meet this criticism, but in- 
stead discusses what constitutes research 
training. 

Further, NERC’s statement that “the 
primary objective of a research stu- 
dentship is to enable the student to receive 
a good training in research, not to under- 
take a piece of novel research in a highly 
professional manner” was described by 
one geologist as badly worded, ambiguous 
and thoroughly misleading. The commit- 
tee attempts to clarify this by specifying 
ten elements of research training, of which 
I quote three verbatim: “The definition of 
questions in order to be able to (a) dis- 
prove scientific hypotheses and (b) aid 
practical decisions; selection of materials 
for analysis, bearing in mind the possibili- 
ties of bias and the requirement for quali- 
ty; the opportunity of obtaining an adv- 
anced understanding of an area of science 
va an in depth investigation of an 
appropriate research problem”. 

Further obscure and ungrammatical 
verbiage occurs when the committee gets 
exercised on how to prevent PhD students 
untidily overrunning the allocated three 
years. It offers the following gems of wis- 
dom: “These [procedures] include the 
drawing up of a realistic timetable which 
must be adhered to; the fact that three 
years is not a very long time; the import- 
ance of avoiding a slow start; the delays 
caused by failure to bring to a conclusion 
and distraction from the main line of en- 
quiry. We commend these practices.” 

Apparently some ill-natured people 
have raised the possibility that committee 
members stand a better chance than 
others of getting their projects approved. 
The tone of the report, so far unshakeably 
complacent, becomes somewhat agitated 
on this point. “The evidence of inequality 
was not conclusive. .. the statistics are 
contradictory and open to different inter- 
pretations. . . Council takes a very serious 
view. . . an important area which should 
be carefully monitored in the future.” 
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These mysterious statistics are not pro- 
duced, but no matter; “members (of the 
awarding committee) are drawn from 
amongst the best research workers and a 
Statistically higher than average award 
rate 1s to be expected”! 

Finally, the committee uses the vener- 
able tactic of putting up a lot of Aunt 
Sallies, “numerous misconceptions” as it 
calls them “The student 1s unimportant; 
the system 1s complex. time wast- 
ing... difficult to understand. . . disre- 
gards best students... disregards stu- 
dents who are innovative, favours particu- 
lar supervisors and/or departments -— 
committee membership is self perpetuat- 
ing; topics are very narrow ” J cannot im- 
agine any member of a university staff 
making such crude and sweeping critic- 
isms except in moments of exasperation 
(which I am reliably told sometimes occur 
in dealings with NERC). The Berry com- 
mittee has of course no difficulty in knock- 
ing them down, and comes to the conclu- 
sion that, except for minor alterations, no 
fundamental change in the scheme should 
be made. Dr J.C. Bowman, secretary of 
NERC, expresses in a preface “great plea- 
sure in commending this report to all con- 
cerned with postgraduate training and re- 
search and sciences of the natural environ- 
ment”, finding it “gratifying”. In NERC’s 
eyes the scheme’s virtue, as the report 
reveals, 1s that ıt can be represented to 
Whitehall as showing that university re- 
search is being guided in “relevant” direc- 
tions. 

Many will think this ıs not a recom- 
mendation and this “effortful, cumber- 
some, expensive and _ unsatisfactory 
scheme” should be abandoned and the 
considerable savings in cost used to sup- 
port additional students 

KEITH RUNCORN 
School of Physics, 
The University, 
Newcastle upon Tyne NEI 7RU, UK 


Naked beauties 


Sır—We read with naive interest but 
great expectation the article by D.J. Mil- 
ler, “Naked beauty seen at last”, under 
the heading of “Particle physics”, which 
purports to explain why a beauty quark, 
otherwise known as a bottom, is difficult 
to perceive ın its naked state (sic) (Nature 
316, 681; 1985). We wonder whether 
other biologists reading this article simi- 
larly found it tantalizing, hilariously funny 
and totally incomprehensible. Do particle 
physicists have the same response to anti- 
idiotype networks (compare Mitchison’s 
article in the same issue of Nature, p. 
676)? 

Katuy WEILBAECHER 

MELVYN F. GREAVES 
Leukaemia Research Fund Centre 
at the Institute of Cancer Research, 

Chester Beatty Laboratories, 
Fulham Road, 
London SW3 6/B, UK 
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DNA as a kind of solid 


Molecules with helical pretensions such as DNA may be the result of a phase transition, in the strict 
sense, from amore disordered state. But when will the process be calculable? 


THE textbooks say tnat double-stranded 
DNA molecules make a double helix, and 
that large globular protein molecules 
contain well-ordered helical structures 
(pieces of alpha helix) which are held 
together by less well ordered structures. 
No doubt the textbooks are right, at least 
for much of the time. But it is also well 
known that DNA molecules cannot func- 
tion as templates for transcription while 
they are tightly bound as helices. For some 
of the time, the DNA molecules must be 
partly unwound. So much is generally 
accepted (and taught), but on the under- 
standing that the helix is the normal rest- 
ing state. 

There is naturally much more that 
might be said. The complementary 
strands of DNA molecules are held 
together specifically by well-identified 
hydrogen bonds; by contrast, the forces 
that hold together the successive turns in a 
helically twisted molecule are, to say the 
best of them, loosely defined. People tend 
to build molecular models that allow the 
closest packing compatible with the 
molecular geometry and arrive at struc- 
tures which turn out to be not very diffe- 
rent from those suggested by X-ray dif- 
fraction. The double-strandedness is 
energetically understandable, the helical 
packing less so for DNA (but it is a rather 
different tale with the stretches of alpha 
helix in globular protein molecules). 

So why do double-stranded DNA mole- 
cules finish up as helices? At bottom, the 
answer cannot be very different from that 
which explains why molecules of water 
vapour will condense at zero degrees cen- 
tigrade or thereabouts, into the molecular 
constituents of solid ice. The trade-off is 
that between the decreased potential 
energy of a molecule trapped by attractive 
forces and what might be called the heat of 
disorder, the absolute temperature multi- 
plied by the entropy. 

For many familiar kinds of phase transi- 
tions, that from a vapour to a solid for 
example, the basis for understanding and 
even calculating the transition is familiar. 
Calculate the free energy of the two 
phases as a function of the temperature, 
ideally in terms of the properties of the 
constituent atoms and molecules, where- 
upon the crossover (if any) will mark the 
point of the phase transition. Now, and 
not before time, there is an argument 
bearing on the question whether the 
formation of helical DNA is a phase trans- 
formation in this sense. 


The good news 1s that there 1s a formal 
calculation of the transformation of a dis- 
ordered polymer molecule into a helix in 
which, as it happens, none of the para- 
meters has been calculated from first prin- 
ciples. The other side of the coin 1s that the 
calculation, due to Nigel Goldenfeld of 
the University of California at Santa Bar- 
bara and J.W. Halley of the University of 
Minneapolis (Phys. Rev. Lett. 55, 730; 
1985), while providing an ingenious 
framework within which to describe sys- 
tems of polymer molecules which are 
helical in parts and differently constituted 
elsewhere, also shows ın passing how far 
there is to go. 

The objective is to calculate the thermo- 
dynamics of a system of molecules each of 
which can in principle exist in two quite 
different configurations. Individual mole- 
cules will then be found in which stretches 
of one configuration are separated from 
each other by stretches of the other. In 
general, the lengths of these alternating 
stretches will be random, and all possible 
permutations may exist. The thermodyna- 
mic properties of the system are accessible 
if it is possible to calculate the partition 
function Z, which is nothing but the sum 
of terms such as exp(—£/KT), where K is 
Boltzmann’s constant, T the temperature 
and E the energy of some state of the 
molecule as a whole. But the sum must be 
expanded over all possible states of the 
molecule, and this is usually where the 
snags arise. Generalities such as these are 
of course familiar from the textbooks. 

Goldenfeld and Halley have made the 
problem tractable by introducing the 
assumption that the energy of a particular 
molecular arrangement, with alternating 
random lengths of the two configurations, 
is simply the sum of the energies of the 
consecutive segments. Among other 
things, this entails the assumption that 
energy states of the molecule as a whole 
are of negligible importance. In particu- 
lar, low-frequency vibrations involving a 
whole polymer are assumed not to matter. 
With these simplifications, the problem 


then boils down to calculating the energy 
states of random lengths of polymer in the 
alternative configurations (and of being 
able to stomach the algebra that follows). 

The outcome is nevertheless encourag- 
ing. Goldenfeld and Halley suppose that 
the alternative configurations are respec- 
tively helical and straight. Each chemical 
unit of polymer molecule ın the second 
form is supposed to involve a certain 
potential energy penalty, perhaps made 
up for by the extra degrees of freedom that 
it enjoys. Apart from the potential energy 
penalty entailed, the energy states of the 
helical and straight configurations differ 
only in the vibrational energy states that 
are accessible to them. 

For the sake of argument, the energy 
states of the helical sections.are approxi- 
mated by those of a rigid rod. The out- 
come is that the energy of the rod-like 
sections is determined linearly by a com- 
bination of the length and of its logarithm, 
but that the free energy of the remaining 
sections is simply proportional to length. 
The free energy curves will plainly cross 
each other if the coefficients, which de- 
pend on the temperature, have suitable 
values, so that there must be a set of cir- 
cumstances in which the transition to a 
helical structure ıs a straightforward phase 
transition, with a latent heat and so on. 

The calculation has the great virtue of 
showing ‘clearly that phase transitions in 
polymers are just as real as some experi- 
ments suggest. But it also illustrates what 
needs to be done to fill out the model. At 
least for the polymers occurring in biolo- 
gical systems, water relations are evident- 
ly crucial, partly because they will affect 
the molecular configurations by hydrogen 
bonding, and partly because the vibra- 
tions of water molecules will modify the 
vibrational spectra of both the coiled and 
uncoiled versions as well as serving as a 
means of transferring heat from one place 
in the molecule to another. But getting 
even that far quickly will be a far from 
simple achievement for whoever is 
successful. John Maddox 


Biological manuscripts 


Contributors are reminded that, with the transfer of the Biological Sciences Editor of 
Nature to the Washington office, they should in future send four copies of all manuscripts 
to be considered for publication either (as at present) to the London office or to 


Washington. 
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Predicting Parkinson’s disease 


from Solomon H. Snyder and Robert J. D’Amato 


Many researchers have been pessimistic 
about ever finding specific molecular 
abnormalities accounting for such 
important neurological disturbances as 
Parkinson’s disease. Recent studies 
of N-methyl-4-phenyltetrahydropyridine 
(MPTP), a simple phenylpyridine deriva- 
tive that elicits parkinsonism’, have stimu- 
lated speculation that specific environ- 
mental toxins may underline most cases of 
Parkinson’s disease. On page 246 of this 
issue, Calne et al.’ report evidence sug- 
gesting that exposure to MPTP results in 
depletion of dopamine neurones in the 
striatum, the characteristic lesion of Park- 
inson’s disease, in symptomless subjects. 
This raises the possibility that exposure to 
such toxins may predispose people to 
develop Parkinson’s disease later in life. 
MPTP is a byproduct in the synthesis of 
a meperidine-related opiate marketed 
illegally as synthetic heroin. Numerous 
cases of severe parkinsonism have been 
reported among individuals who have 
injected themselves with this drug’. 
Monkeys receiving MPTP develop typical 
parkinsonian symptoms and have selec- 
tive destruction of the nigrostriatal dopa- 
mine pathway’. MPTP binds with high 
affinity to receptor-like sites®, which 
appear to be identical to the enzyme 
monoamine oxidase B, found on glial cells 
in a number of discrete brain regions’, 
Monoamine oxidase transforms MPTP, 
whose pyridine rng is only partially 
unsaturated, into N-methyl-4-phenyl- 
pyridine (MPP*), which has a fully unsat- 
urated pyridine ring and quaternary nitro- 
gen (see figure). This transformation is 
required to make MPTP neurotoxic, since 
pretreatment of animals with inhibitors of 
monoamine oxidase prevents the in- 
duction of neurotoxicity by MPTP in 
monkeys" and mice”. Why is MPP* 
neurotoxic, while MPTP, which is closely 
similar in structure, is not? Unlike MPTP, 
MPP" is accumulated via the pump-like 
catecholamine uptake system into dopa- 
mine neurones, which can concentrate it 
several thousand times above the levels in 
the surrounding extracellular space”. 
Conceivably, environmental toxins 
similar to MPP* or MPTP could cause 
naturally occurring (idiopathic) Parkin- 
son’s disease. One need not be exposed to 
the high levels of the agent obtained by 
intravenous injection: a thirty-seven-year- 
old chemist developed Parkinson’s dis- 
ease after working in a laboratory with 
MPTP". Possibly such toxins elicit only a 
limited destruction of dopamine neurones 
and the natural aging process accounts for 
the rest“. In normal subjects dopamine 
levels decline with age by about 13 per 
cent per decade"; clinical symptoms of 


parkinsonism begin to appear when deple- 
tron reaches about 70 per cent Exposure 
to toxins could accelerate this process. 
Thus the four hundred or more individuals 
known to have injected synthetic heroin 
contaminated with MPTP but who are 
presently asymptomatic may be at risk of 
developing parkinsonism as they age. 
Caine et al.’ have now used positron 
emission tomography (PET scanning) to 
determine whether there is destruction of 
dopamine neurones in four such asymp- 
tomatic individuals. They compared these 
scans with those from six patients with 
idiopathic Parkinson’s disease and seven 
normal subjects. PET scanning, using 
fluorine-18 labeiled 6-fluoro-L-dopa that 
is taken up by nerve terminals and 
converted into 6-fluorodopamine, enables 
direct images to be made of the dopa- 
mune innervation of the corpus striatum. 
Calne et al. find a statistically significant 
decline ın the formation and retention of 
“F-dopamine in the four MPTP subjects, 
although not as great as in patients with 
severe idiopathic Parkinson’s disease. 
Because only four subjects were evalu- 
ated, one must be cautious about drawing 
strong conclusions. Moreover, two of the 
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The molecular structures of N-methyl-4- 
phenyltetrahydropyridine (MPTP), 1ts metabo- 
lite N-methyl-4-phenylpyridme (MPP*), the 
environmentally occurring analogue 4- 
phenylpyridine and the herbicide paraquat. 
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four were receiving the opiate methadone 
and the other two had recerved narcotics 
until three months before the investiga- 
tion Opiates exert a variety of influences 
on dopamine metabolism that might have 
influenced the present results”. Despite 
these caveats, Calne et al. have probably 
detected a genuine loss of dopamine ter- 
minals in asymptomatic individuals ex- 
posed several years earlier to MPTP. As 
PET scanning and similar techniques be- 
come more widely available, predicting 
idiopathic Parkinson’s disease in asymp- 
tomatic patients may become clinically 
feasible, although accompanied by ethical 
problems. 

‘The present study provokes further 
thought about the role of environmental 
factors in the aetiology of idiopathic Park- 
inson’s disease. If industrial pollutants are 
the culprit, one would anticipate varia- 
tions in incidence in different countries 
and changes in incidence over the years 
but most epidemiological studies reveal a 
similar prevalence of parkinsonism in 
various countries and all decades of the 
twentieth century". Many of these studies 
have focused on Northern Europe, but 
recent investigations show different inci- 
dences in the Mediterranean countries”, 
and in Quebec a high correlation between 
the disease incidence and pesticide use has 
been demonstrated” Lastly, some studies 
show a lower incidence of Parkinson’s dis- 
ease 1n black people” and others report 
variations in the incidence of a type of 
parkinsonism in villages in the South 
Pacific separated only by a few miles”. 

What environmental toxins are likely 
candidates? Hundreds of pyridines, simi- 
lar in general structure to MPTP, exist in 
the environment, especially in foods. 
4-phenylpyridine, which occurs in pepper- 
mint, spearmint, tea and industrial 
sources’ “, produces a similar depletion of 
dopamine-related biochemical markers in 
PC12 cell cultures and in intact mice”. 
MPP* has been commercially marketed as 
a herbicide under the name cyperquat and 
the well-known herbicide paraquat struc- 
turally resembles MPTP (see figure). 

One particularly tantalizing epidemiol- 
ogical finding bears on the role of pyri- 
dines in Parkinson’s disease. Several well- 
designed studies show a reduced incidence 
of Parkinson’s disease in smokers” 7; con- 
trary studies have generally employed 
fewer subjects”. The inverse correlation 
between smoking and Parkinson’s disease 
cannot, however, be attributed to a de- 
crease in smoking after symptoms appear. 
Cigarette smoke contains approximately 
100 distinct pyridines, each present at con- 
centrations of several parts per million”. 
Conceivably, these pyridines could com- 
pete with an MPP*-like toxin for uptake 
into dopamine neurones, thus blocking 
the action of the toxin, just as drugs that 
block the dopamine-uptake process pre- 
vent MPTP and MPP" from damaging 
dopamine neurones”. Alternatively, car- 
bon monoxide in cigarette smoke may 
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detoxify free radicls formed from environ- 
mental toxins". 

Pyridines are only one class of chem- 
icals that could be toxic to dopamine 
neurones The key requirement 1s that 
they or one of their metabolites, hke 
MPP’. should be selectively concentrated 
in dopamine neurones The present 
search for an environmental molecule 
involved in the aetiology of Parkinson's 
disease may or may not be successful but it 
is to be hoped that the quest will re- 
awaken an interest in seeking specific 
molecular abnormalities associated with 
other major neurological and psychiatric 
disorders. z 
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Palaeontology 


Dinosaurs that fill the gaps 


from Michael J. Benton 


Dinosaurs arose in the late Triassic, 
225 Myr ago; some of the early forms 
have become quite familiar, such as small 
carnivorous theropods (for example, 
Coelophysis), large herbivorous pro- 
sauropods (for example, Plateosaurus) 
and small herbivorous ornithopods (for 
example, Fabrosaurus). For along time, it 
was thought that these early species were 
followed by a gap in the fossil record span- 
ning about 30 Myr, after which there 
appear a selection of completely different 
dinosaurs But the gap has now been filled 
by the re-dating of some dinosaur beds 
and because of new discoveries in the 
early middle Jurassic of Europe, India 
and China. 

The first dinosaur faunas after the gap 
occur in the second half of the middle 
Jurassic in Europe (about 170 Myr Br). 
For example, the Bathonian horizons near 
Oxford, England have produced rare 
skeletons of the theropod Megalosaurus, 
as well as the giant herbivorous sauropod 
Cetiosaurus and the armoured stegosaur 
Lexovisaurus. Better known are the late 
Jurassic (about 155 Myr sp) dinosaurs 
Allosaurus, Brontosaurus, Diplodocus 
and Stegosaurus from North America. 

The re-dating exercise has extended the 
age of dinosaur-bearing beds that were 
once placed at, or just below, the Triassic/ 
Jurassic boundary, right through to the 
end of the early Jurassic (187 Myr sp). A 
combination of biostratigraphical evi- 


dence (fossil pollen and spores, fish and 
footprints) and radiometrically deter- 
mined ages of interbedded lavas has 
shown that these units cover a much wider 
time span than had been suspected'’. In- 
tervals of time that were formerly consi- 
dered to be devoid of dinosaurs are now 
known to have been populated over 
almost all the world by small theropods 
such as Syntarsus, medium-to-large pro- 
sauropods such as Massospondylus and 
Euskelosaurus, and small ornithopods 
such as Fabrosaurus and Heteredonto- 
Saurus. 

The dinosaur faunas of the early Juras- 
sic have also been extended by new finds, 
particularly of early sauropods. Barapa- 
saurus from India‘ and Vulcanodon from 
Zimbabwe’ (see figure) have been inter- 
preted as intermediate between the pro- 
sauropods and the sauropods. These were 
large animals, 8 — 10 metres long, that 
probably walked habitually on all fours. 
Another sauropod of similar age is 
Ohmdenosaurus from Germany’, repre- 
sented by only a few limb-bones. 

The middle Jurassic record of dinosaurs 
has been dramatically supplemented by 
new finds from China. In the past few 
years, several important new dinosaur 
specimens have been excavated from the 
Miaoshaximiao Formation of the Sichuan 
Basin (age: Bathonian—Callovian, 176 — 
163 Myr BP). 

A skull and partial skeleton of one of 
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the earliest stegosaurs has been named 
Huayangosaurus’, The skull is primitive in 
several respects, and the armour consists 
of bony plates and spines. Until now, the 
earliest known stegosaurs came from 
Europe, but the new Chinese find 
indicates an eastern Asian origin 
for the group. Two sauropods have also 
been desctibed from this formation: 
Shunosaurus’* and Datousaurus*. More 
than 10 skeletons of Shunosaurus have 
been found; this species was 7-8 m long, 
whereas Datousaurus was 14 m long. 
Both these sauropods show similarittes to 
the English Cetiosaurus. which is of about 
the same age, but the skeletal remains of 
the Chinese animals are much more com- 
plete. These specimens, together with 
Barapasaurus and Vulcanodon, provide 
important new evidence that the sauro- 
pods arose from the prosauropods of the 
late Triassic and early Jurassic. Some 
palaeontologists had argued that the 
sauropods arose directly from Triassic 
thecodontians (the basal archosaur 
group), but that aspect of the theory that 
dinosaurs arose polyphyletically 1s now 
contradicted. 

The fourth new dinosaur from the mid- 
dle Jurassic of Chinas is the ornithopod 
Xiaosaurus’, a bipedal herbivore only 
one metre long. It might be related to 
Fabrosaurus, but the remains are frag- 
mentary. In addition a carnivorous dino- 
saur Xuanhanosaurus” has been identi- 
fied on the basis of several limb-bones and 
vertebrae. The hand has the typical blade- 
like claws of a predator and, ın general, 
this theropod seems to resemble the 
English Megalosaurus, which 1s of about 
the same age. 

Palaeontologists, who have often been 
handicapped in their studies by gaps in the 
fossil record, will rejoice at these impor- 
tant new discoveries. Already, they are 
improving our undertstanding of the 
faunas and i O Or phylogeny. O 
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Cepheids and cosmic distance 


from David A. Hanes 


OBSERVATIONAL cosmologists await with 
excitement the launch of the Hubble 
space Telescope, which bids fair to rev- 
olutionize our view of the extragalactic 
Universe and, in so doing, eventually to 
resolve the vexed question of the correct 
cosmic distance scale Nevertheless, de- 
spite optimistic predictions that the whole 
problem will be resolved in the course of a 
few days’ observations (Maddox, J. News 
and Views Nature 313, 347; 1985), answers 
seem likely to require years of observation 
and analysis. This 1s especially the case as 
much of the attention has centred on the 
projected study of cepheid variable stars, 
long an indispensable tool of observation- 
al cosmologists but so far undetectable in 
any but the nearest galaxies. 

But now, B Madore and W. Freedman 
(Astron. J. 90, 1104; 1985) have taken a 
fresh look at the problem and have 
devised new efficient procedures which 
eliminate much of the tedium that has so 
far seemed unavoidable in the study of 
cepheids. Given the extremely high costs 
of operating the Spacé Telescope, the sav- 
ings are of great practical importance, 
offering the promise of a swifter result that 
will contribute to the resolution of a long- 
standing controversy. 

Cepheid variable stars are in some re- 
spects excellent distance indicators. They 
are intrinsically luminous and thus can be 
detected in remote galaxies; they draw 
attention to themselves by varying reg- 
ularly in brightness with periods which 
range from a few days to a few hundred 
days; and they obey a well-defined period- 
luminosity law, with the intrinsically 
bright cepheids varying more slowly than 
their less luminous brethren. Their use is 
straightforward in principle. Repeated 


observations reveal the variability and - 


allow the delineation of the light curve, 
whence comes a secure mean apparent 
luminosity and the period. The latter 
implies an absolute luminosity, once the 
period-luminosity law has been calibrated 
by nearby cepheids of known distance, 


Erratum 


Apologies are due to our readers and to Ira 
Herskowitz for an unfortunate typographical 
error in his article “Yeast as the universal cell” 
(22 August, page 678). The first sentence of the 
fourth paragraph should have read. “The yeast 
spindle is a tripartite structure, consisting of 
microtublules that join at one end of the centro- 
mere (the yeast version of the kinetochore of 
the chromosome) and at the other end to the 
microtubule organizing centre, the spindle pole 
body (analogous to the centrosome)’.” In the 
published article ‘centrosome’ appeared as 
‘centromere’, thus exacerbating the terminolo- 
gical confusion the author was trying to clarify 


and the difference between apparent and 
absolute luminosity yields the distance. 

Practice 1s more difficult. Historically, 
cepheids have most often been studied 
through the use of blue-sensitive photo- 
graphic plates, which assists detection 
because cepheid amplitudes are largest 
at short wavelengths. Moreover, photo- 
graphic plates can be made uniform on 
large scales, and are thus ideal for survey 
work in nearby galaxies (although they 
lack the sensitivity of modern electronic 
detectors}. But each cepheid must be 
well studied throughout its cycle, and 
hundreds of long-exposure plates may be 
needed to delineate the light curves; thus 
some programmes have taken decades 
to complete (Sandage, A.R. Astrophys. J. 
166, 13; 1971). Principally for this reason, 
extragalactic cepheids have been studied 
in only a few nearby galaxies. Given the 
small field of view of the Space Telescope 
and other urgent demands on it, a repeti- 
tion of such programmes is neither prac- 
ticable nor desirable. 

Madore and his co-workers (JAU 
Colloq. 82; 1985) have already nicely sım- 
plified one aspect of the use of cepheids, 
by relying on the fact that, at red and 
near-infrared wavelength, cepheids vary 
with only small amplitude. Thus a single 
infrared ‘snapshot’ of a cepheid allows a 
precise distance estimate, provided of 
course that the period is already known. 
Moreover, the effects of interstellar 
obscuration and different stellar heavy 
element abundance are reduced at the 
longer wavelengths, so that certain sys- 
tematic errors may be eliminated. Even 
so, in as yet unexplored galaxies, the need 
to carry out long-term surveys both to 
identify the cepheids and to determine 
their periods seems to be one of the prices 
which must be paid. 

Or so it appeared until Madore and 
Freedman’s most recent investigation. 
The question they posed was this: how can 
one determine the period of a cepheid 
without many observations at various 
phases? Their use of a simple analogy aids 
understanding their conclusion. Imagine 
an idealized case in which all cepheids 
have the same amplitude in astronomical 
magnitudes (relative luminosity). Sup- 
pose further that the light curve of a 
cepheid 1s a pure saw-tooth function; that 
is, each cepheid declines linearly in magni- 
tude over its full period, then instantly 
brightens back to maximum luminosity. In 
this picture, long-period cepheids have 
slower decline rates than do short-period 
cepheids; moreover, a pair of brightness 
measurements only days apart should 
yield the period by a simple inversion. 

Real cepheids, of course, are not so 
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obliging. Their amplitudes are not all the 
same. Moreover, while their light curves 
are generally not sinusoidal, neither are 
they perfectly saw-toothed; and it 1s the 
lower-amplitude cepheids that have the 
more nearly sinusoidal behaviour One 
complication therefore is that a pair of 
randomly placed observations may strad- 
die the turnover in the light curve or fall on 
the rising branch, so that the derived 
period is quite incorrect. However, Ma- 
dore and Freedman show that, by happy 
coincidence, some of these effects cancel 
out or can be unambiguously taken into 
account; they predict that a large fraction 
of the detected cepheids will yield ade- 
quately precise periods from a single pair 
of brightness measurements. 

There are some other complications 
Although cepheids are likely to be tn the 
majority, any star field will include vari- 
able stars of different kinds, for which the 
treatment 1s quite invalid and misleading. 
Moreover, any particular cepheid may 
have a binary companion diluting its light. 
But Madore and Freedman show that only 
slight extensions of the proposed methods 
— the use of several rather than two 
spaced observations at a few wavelengths 
— will resolve most of these difficulties. 

Indeed Madore and Freedman describe 
encouraging simulated experiments in 
which they analysed pairs of observations 
separated by six or seven days, randomly 
drawn from the massive compilations of 
the photometry of the well-studied ceph- 
eid variables in the Small Magellanic 
Cloud, the nearest external galaxy outside 
the Milky Way. These observations yield 
reliable periods for the predicted fraction 
of the cepheids and produce a quite 
reasonable period-luminosity relation- 
ship. Although the sample is restricted, 
without interloping variables of other 
kinds, the results lend impressive support 
to the proposed techniques. Madore and 
Freedman next plan to study nearby gal- 
axies with ground-based telescopes to 
quantify the accuracy attainable in actual 
observations. 

Will these efficient techniques alone 





100 years ago 
THE NEW STAR IN ANDROMEDA 


.WE have received the following important com- 


munication from Lord Rosse: 


SINCE my commumiation of September 8 our 
books have been searched for information on 
the past history of the nucleus of the 
Andromeda nebula J subjoin in full the entries 
bearing upon the question whether the “new 
star” 1s now seen for the first time, or is a 
variable now shining out with abnormal bril- 
liancy. The latter would appear to be the case. 
The nebula was frequently observed in past 
years with the 6-foot reflector and measures 
made These measures being too few in number 
for a proper survey of the nebula, publication 
was postponed ın 1878. and the details of con- 
figuration of the nebulosity have not appeared 
such as to merit a monograph Rosse 


From Nature 32, 465, 17 September 1885 
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permit a quick resolution of the conten- | effects of interstellar and circumstellar 


tious question of the correct cosmic 
distance scale? Sadly. the answer is no. 
A major part of the difference between 
the so-called ‘long’ and ‘short’ distance 
scales (de Vaucouleurs, G. Observatory 
102, 178; 1982) stems from disagreements 
in the calibration of the intrinsic period- 
luminosity relationship for cepheids. The 
calibration depends on those few cepheids 
of known distance in our own Galaxy and 
is sensitive to the assumed membership of 
variables in loose star clusters and to the 


obscuration. Madore and Freedman’‘s 
techniques will shed no light on these fun- 
damental questions of calibration. Yet 
they will extend our ability to derive pre- 
cise relative distances for external galaxies 
in reasonable time periods and must be 
welcomed as a major contribution to the 
effective use of a new instrument. O 


David A. Hanes is in the Department of 


Physics, Queen's University, Kingston K7L 
3N6, Canada. 





Materials science 


A spongy way to new ceramics 


from Paul Calvert 


INDUSTRIAL ceramics such as alumina, 
zirconia or titania are normally prepared 
from a ‘green body’ of compacted powder 
that is sintered at 1,500°C or more, slowly 
converting by solid-state diffusion to a 
dense solid. But the increasing use of 
ceramics in microelectronics and their 
potential as engine parts have imposed 
requirements of uniformity and strength 
that are difficult to meet with this process 
while using crude powders as starting 
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Top surface of 0-5 u spheres of compacted 
titania (E.A. Barringer, Massachusetts 
Institute of Technology), 





materials, and companies are thinking 
seriously about making powders by pro- 
cesses similar to those sponges and 
diatoms use to produce skeletal silica. 

For maximum strength the sintered 
body should have a very fine grain size and 
either no pores or, at least, no large pores. 
During sintering a ‘rich get richer’ law 
operates: the big pores in the compacted 
powder initially grow at the expense of the 
small ones, before shrinking slowly by 
vacancy diffusion; meanwhile the small 
grains are swallowed up by the large ones. 
Thus the final structure is normally 95-99 
per cent material with a few large pores 
and a large average grain size (10 — 100 
um) — the opposite of what is wanted. 

A philosophy argued strongly by H.K. 
Bowen of the Massachusetts Institute of 
Technology is that these problems could 
be avoided by starting from an ‘ideal’ 
green state. The aim is to produce sub- 
micron spherical particles of uniform size 
and then pack them into a regular lattice 
or into dense random packing so that all 


the grains and pores are the same size 
before sintering. This egalitarian state 
should sinter rapidly to a dense, fine- 
grained, strong ceramic. The success of 
this approach has recently been demon- 
strated for silica by Sacks and Tseng’. As 
an amorphous material silica is not such an 
interesting ceramic as alumina or zirconia, 
but the work goes a long way to vindicat- 
ing the concept. This approach depends 
on the ability to produce uniform sub- 
micron spheres, which was described for 
silica by Stober and colleagues’ and in- 
volves the slow hydrolysis of silicon tetra- 
ethoxide in alcoholic solution. Subse- 
quently, this has been extended to 
hydrolysis of other metal alkoxides, 
including zirconium and titanium, but it 
has so far proved very difficult to produce 
single-size particles in the 0.1—-1 um range 
in quantities to make the process com- 
mercially attractive. 

One joke in the ceramics field is that the 
only reason for working with spheres is 
that we are not clever enough to make 
cubes. It would appear that we might take 
some lessons from the sponges. Their 
skeletons are a particularly impressive 
example of the use of silica, which forms 
spicules of about one micron diameter in a 












western Siberia. The silicaeous exoskeletons of these unicellular algae consist of two 
valves and a variable number of girdle bands. The species illustrated are joined 
together in chains; a shows two valves; one from each of two adjacent cells. In b the 
interlocking spines and the fine perforations through the silica wall are seen in more 
detail. c is a detail of a closely related genus with partial occlusions of the pores. From 
Ross, R. and Sims, P.A. Bul! Br. Mus. nat. Hist. (Bot) 13, 277 (1985) by courtesy of 
the Trustees of the British Museum (Natural History). 


huge variety of shapes including 
umbrellas, commas and double-ended 
anchors. They are formed intracellularly 
within a vesicle surrounded by a mem- 
brane, the silicalemma’, and the shape is 
determined by deposition from dilute 
silicic acid on a protein filament of 0.2 ym 
diameter. Li and Volcani’ have recently 
reviewed the deposition of silica in di- 
atoms, which appear to employ a similar 
mechanism: deposition takes place within 
the silicalemma, and polymeric (possibly 
polysaccharide) filaments act as templates 
for the formation of columns that fuse to 
form solid plates; four forms of silica can 
be distinguished. 

Although the ceramics industry has no 
immediate requirement for umbrella- 
shaped particles, they might well find a 
use for them if they were available. The 
possibility of forming particles using a 
membrane to control the reaction and — 
polymeric templates are ideas worthy of 
consideration. First the companies must 
convince themselves that the perfection — 
and control available through such tech- 
niques will compensate for the much ~ 
greater cost of powders. g: 

An intriguing marriage of the natural 
and synthetic approaches currently being 
developed commercially is the production 
of silicon carbide fibres from rice hulls that- 
contain up to 30 per cent by weight of 
silica. Pyrolysis in the absence of air re- 
sults in the conversion of the silica to SiC 
fibres of about 0.3 um diameter and 50 
um length that seem to have great — 
potential as a reinforcement for ceramics 
and metals’. ois 
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tterns of differentiation 


P. W. Ingham 


do genes control pattern? Some 
ers to this question are now begin- 
o emerge as the cloning and charac- 
ition of Drosophila pattern-forming 
ss gathers momentum. A cluster of 


comprising the bithorax complex’? | 


a key role in the differentiation of 
ous body parts of the fly. These genes 
ought to act by controlling the ex- 
ession of other genes, being selectively 
pressed in specific lineage units or 
partments’. Support for this model at 
molecular level is presented in two 
ecent papers™ which describe the dis- 
ribution of products of the Ultrabithorax 
ne (Ubx) in Drosophila embryos. 
- Ubx is one of the three major genes of 
he bithorax complex’. It is itself a gen- 
tically complex locus, subsuming four 
sparately mutable functions which map 
two large transcription units (Fig. lay”. 
‘he larger of these, termed the Ubx unit, 
pans some 73 kilobases and is the site of 
| Ubx mutations which have been map- 
ped so far. Next to this is the smaller bxd 


unit, defined by mutations which abolish 


only the pbx and bxd sub-functions of the 
locus (for definition, see legend to Fig. 1). 
_ Studies by Akam and Martinez- Arias’ 
have concentrated on expression of the 
bx unit. Three major RNA species (3.2, 
.3 and 4.7 kilobases in size) are trans- 
tibed from the unit during the 
bryogenesis of Drosophila. Using a 
robe common to the upstream (5’) end of 
three, they find, by in situ hybridiza- 

n. that Ubx is expressed from an early 
age in embryogenesis. This expression is 
icted to the posterior portion of the 
bryo, specifically to seven metameric 
in the early segmented embryo (Fig. 
finding in fairly close agreement 

he predictions of E. B. Lewis’s mod- 

he bithorax complex’. According to 
model, each gene of the complex has a 

ary role in the development of a spe- 
‘body segment. For Ubx, the major 

on would be in the metathoracic 

mt, and the minor in the abdominal 

nts Al to A7, 

ecently Struhl* and Hayes et al.’ have 
posed a modification to this model. On 
-basis of various new observations of 
tant phenotypes they suggest that the 

n of function of each bithorax gene 

t of register with the body segments. 

us, each gene would control the de- 
opment not of a single segment, but 
her of a parasegment", a meta- 
eric unit that comprises the posterior 
neage compartment of one segment and 
the anterior compartment of the next. If 
true, this underlines the importance of 
compartments as the basic building blocks 
of the animal. Therefore. it is of consider- 








able interest to see if the accumulation of 
Ubx transcripts coincides with segmental 
or parasegmental units. At first sight, the 
pattern of Ubx expression in the early 
embryo (Fig. 1c) seems at odds with this 
‘out of register’ hypothesis as the region 
expressing Ubx is neatly bounded by 
ectodermal grooves that are convention- 
ally thought to correspond to segment 
boundaries. However, recent evidence” 
suggests that these grooves do in fact cor- 
respond to the anterior/posterior bound- 
ary within each segment, and thus deline- 
ate parasegments. If this is so the paraseg- 
mental requirement for Ubx inferred from 
genetic analysis is precisely matched by 
the pattern of Ubx expression that is 
observed in situ. 

Independent confirmation of such para- 
segmental expresston has been obtained 
by White and Wilcox" and by Beachy 
et al’. Using antibodies raised against a 
synthetic partial Ubx protein (derived 
from the common 5’ region of the Ubx 
unit), they analysed the distribution of 
Ubx proteins in later embryonic stages by 
indirect immunofluorescence. These stud- 
ies reveal a region of high Ubx protein 
expression in the central nervous system, 
which, although equivalent in width to a 
single segmental neuromere, appears out 
of phase with the segmental arrangement 


a Ubx abx bx Ubx bxd pbx 


Ubx unit 


bxd uri 
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Wilcox’ have now extended this: analysis 





to the epidermis; here too, the boundaries 
of Ubx protein accumulation lie between 
the segment borders. Interestingly, the 
Ubx protein is localized in the nucleus, as 
expected of a protein involved in the reg- 
ulation of gene expression. 

The region showing the highest express- 
ion of Ubx products, parasegment 6 (the 
posterior compartment of the metathorax 
plus the anterior compartment of A1), 
corresponds to the domain which requires 
the bxd function of the Ubx gene (Fig. 
le)'*. The relationship between Ubx and 
bxd is puzzling, especially as all bxd muta- 
tions are known to map to a distinct trans- 
cription unit. Lewis’s model explains the 
effect of Ubx mutations on the bxd func- 
tion in terms of a cis inactivation of the bxd 
gene by the former. But the new results 
suggest that the bxd function is mediated 
by expression of the Ubx product. Thus, a 
more attractive hypothesis seems to be 
that the bxd unit specifically regulates the 
expression of Ubx in parasegment 6 (refs 
4,7,12). 

By preparing probes specific for the 
different Ubx transcripts, Akam and 
Martinez-Arias\ have discovered a com- 
plex pattern of expression of the three 
major embryonic messenger RNAs. One 
striking feature of this pattern is the ab- 
sence of any obvious correlation between 
the different transcripts and the various 
functions encoded by the Ubx locus. For 
instance, the preferential expression of 
Ubx associated with the bxd function in 
parasegment 6 is not attributable to any 


Fig.l a, the Ubx pseudo-allelic series consists of 
the abx, bx,, Ubx, bxd, and pbx mutations which 
together define about 120 kilobases of DNA on 
chromosome 3R. This region gives rise to the 
Ubx and bxd transcripts. b, Ubx transcripts 
(shaded region) are first detected at the blasto- 
derm stage of embryogenesis and are localized 
in a small region corresponding to the primor- 
dia of segments T3 and Al. c, about 3 h later 
a series of ectodermal grooves subdivide the 
embryo into metameric units; these correspond 
to parasegments — the posterior compartment 
of one segment and the anterior compartment 
of the next. The Ubx transcript is expressed at 
high levels in parasegment 6, the posterior com- 
partment of T3 and anterior compartment of 
Al. and at lower levels in parasegments 7 and 
12 and in part of 5. d, after a further 6 h, the 
segmental organization of the embryonic CNS 
is easily visualized — each segmental repeat is 
characterized by two lateral commisures and is 
separated by an intersegmental nerve. At this 
stage. high levels of Ubx protein can be de- 
tected in the posterior part of segment T3 and 
the anterior of Al (parasegment 6); low levels 
of the protein are present in the posterior of 
segment T2 and in abdominal segments 2 to 7. 
e, this high level of U/bx expression in paraseg- 
ment 6 seems to mediate the bxd function of the 
Ubx locus. In the adult, the parasegmental 
boundaries are defined by the anterior/ 
posterior cell lineage boundaries in each seg- 
ment (dotted lines). In bax” mutants, paraseg- 
ment 6 becomes transformed into a dupli- 2 
cation of parasegment 5. a 
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particular species of transcript but rather 
reflects elevated levels of all three. In late 
embryonic stages. high levels of the 3.2- 
and 4.3-kilobase mRNAs are present m 
parasegment 6 of the CNS In earlier 
stages. when the 4.3-kilobase message 1s 
barely detectable. parasegment 6 is pre- 
ferentially labelled by probes specific for 
the 3.2-and 4.7-kilobase transcripts. Thus. 
no single Ubx transcript can be considered 
to mediate the bxd function. 

Characterizing the disposition of Ubx 
products ts only the first step towards elu- 
cidating the way in which the bithorax 
complex works At present we can only 
speculate on the significance of the spatial 
and temporal patterns of expression of the 
different transcripts. One thing they do 
imply ıs the existence of a complex under- 
lying regulatory mechanism. Some mea- 
sure of this complexity is indicated by 
Jurgens", who describes a class of genes 
which act synergistically in regulating the 
expression of bithorax genes Using thts 
synergistic interaction as an assay, he esti- 
mates that about 40 loci are required for 
the correct expression of bithorax com- 
plex genes, although the specificity of 
these requirements ts not known. 

One of the most intriguing aspects of 
bithorax regulation concerns the way in 
which the expression of genes such as Ubx 
Is initiated in the appropriate regions of 
the embryo. Akam and Martinez-Arias 
show that Ubx transcripts are first detect- 
able just before the cellular blastoderm 
stage of embryogenesis when membranes 
are beginning to isolate each nucleus. By 
the time that cells have formed, high levels 
of the 4.7-kilobase transcript are present 
in a single zone which, from its position, 
probably corresponds to the primordium 
of parasegment 6 (Fig. 1b). As preferen- 
tial accumulation of all three transcripts 
in parasegment 6 1s a motif which 
characterizes Ubx expression throughout 
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embryogenesis, the early accumulation of | licious excitement by Alan Guth with his 
the 4 7-kilobase transcript ıs clearly a key ! concept of inflation. Guth's theory in- 


event in establishing the subsequent pat- 
tern of Ubx expression. 

But how ts this initial 4 7-kilobase ex- 
pression regulated”? Unfortunately, the 
phenotypic criteria used'™" to identify 
regulatory genes have not permitted dis- 
crimination between genes controlling the 
initiation of Ubx expression and those 
required for its expression later in 
embryogenesis. /# situ analysis of trans- 
cription now allows a direct assessment of 
the stage at which a particular mutation 
affects Ubx expression. Various consid- 
erations suggest that maternally acting 
genes are significant in the initiation of the 
bithorax complex genes. However, the 
need to co-ordinate the genetic program- 
ming of cells with the physical subdivision 
of the embryo into segmental units sug- 
gests that there is also an interaction be- 
tween Ubx and those zygotically acting 
genes which control segmentation”. Such 
an interaction has already been proposed 
in the case of the segmentation gene fushi 
tarazu'. The way is now open for inves- 
tigation of these possibilities. O 
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Particle physics 


Real and imaginary monopoles 


from Richard A. Carrigan Jr 


ON PAGE 234 of this issue a group at Im- 
perial College London’ report on a large- 
scale search for the elusive magnetic 
monopoles using an inductive detector. 
Though none has been found, these ex- 
periments have illuminated some of the 
ways that an inductive detector can mimic 
a monopole signal. This reflects a persis- 
tent concern that the original monopole 
“detection” by Cabrera, which caused 
great excitement amongst particle physi- 
. cists and astrophysicists, may also have 
arisen from such an effect 

The last decade has indeed been excit- 
ing for monopole fans’*. The observation 
by ’t Hooft and Polyakov that many ım- 
portant group theories contain super- 
heavy monopoles was shortly followed by 


the discovery and subsequent dismissal of 
a candidate monopole event in a balloon- 
borne emulsion stack. In 1979, John 
Preskill brought the problem into sharp 
focus with his famous paradox — on the 
one hand the physics demanded roughly 
one monopole per proton in the Universe, 
but on the other hand this number of 
monopoles would have closed the Unı- 
verse on a time scale that would have left 
only Bishop Ussher happy. This conun- 
drum was shortly followed by the concept 
of monopole catalysis, the theory that‘a 
magnetic monopole can induce proton 
decay, so that a passing monopole 
would leave a trail of expiring protons 
in its wake 

Cold water was thrown on all this de- 


flates the cosmos till one monopole or so 
resides in the Universe — surely a dis- 
couraging possibility for a hunter With 
inflation. Guth could explain Preskill's 
paradox as well as the very homo- 
geneous character of the Universe. 

Guth’s inflation might have discour- 
aged most of the searchers had ıt not been 
for the appearance of a solitary signal ina 
single detector operated by Blas Cabrera 
at Stanford. Cabrera has a well-deserved 
reputation for building extremely good 
magnetic field shields, spaces essentially 
free of magnetic fields, at the 107" T level 
Cabrera attached a 5 cm diameter current 
loop to a superconducting quantum inter- 
ferometer device inside his multi-layer 
shield and waited for six months. On St 
Valentine’s Day 1982, the device picked 
up a current step — exactly the unique 
signal expected from a monopole passing 
through the loop and pulling magnetic flux 
with it. i 

Strictly speaking Cabrera had no busi- 
ness looking for monopoles. Existing 
ionization detectors had already set much 
lower limits than he could reach for free 
cosmic monopoles based on an expected 
high-ionization signal. These experiments 
were Open to a criticism: slowly moving 
massive monopoles would not be so 
strongly ionizing, so might have escaped 
the detector net. More telling was an 
astrophysical limit, the Parker bound 
even a small taint of free monopoles in the 
Galaxy would have shorted out the 
galactic magnetic field, which would have 
happened were the monopole flux a factor 
of 10,000 — 100,000 times lower than the 
Cabrera event suggested. Nevertheless 
Cabrera’s event was a very clean signal in 
a detector uniquely suited to a monopole 
search. 

In short order, a three-front attack was 
mounted on the problem of monopole 
abundance. First, the underlying prin- 
ciples of the ionization detectors were re- 
examined and old and new detectors- 
swung into action, quickly establishing 
plausible limits thousands of times lower 
than that suggested by Cabrera’s candı- 
date. Second, the astrophysicists were 
having a field day: assessing the Parker 
bound, looking at the effects of monopole 
catalysis on neutron stars, and generally 
Setting astonishingly low numbers for 
monopole abundancies. And finally, a 
third front was established with a new 
wave of inductive detectors including a 
larger Cabrera apparatus’, a detector at 
IBM" and a Chicago—Michigan—Fermilab 
device". 

The Imperial College result’ ıs charac- 
teristic of this third front. The detector 
employs three conductor loops mounted 
inside a single superconducting shield, the 
largest with an area more than 50 times 
greater than Cabrera's orginal loop This 
and other large detectors represent a 
compromise in design: multiple loops for 
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coincidences, but correspondingly less 
effective shielding and more inductive 
coupling between the shield and the loop. 

But the problems with the shielding and 
inductive coupling may have been a bles- 
sing in disguise, for they have illuminated 
some of the ways that an inductive detec- 
tor can mimic a monopole signal. Mechan- 
ical motion of the shi id can move trapped 
“Monopole flux bounds (VIG) 
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Current monopole hmits drawing on Turner” 
for astrophysical limits and Giacomelli‘ 
Appropriate limits are taken at a monopole 
velocity of a thousandth of the speed of light 
The inductive number ıs from Caplin et al’. and 
combines Imperial College, Chicago-Fermilab- 
Michigan", IBM" and more recent Stanford 
upper limits. Baksan ıs the largest 10n1zation 
detector. The lowest Earth-based limit assumes 
that a monopole will capture an atomic nucleus. 
Astrophysical catalysis hmits are shown as dot- 
ted lines. . (Catalysis cross-sections are assumed 
to be 10° cm” lmit.) The Irvine - Michigan - 
Brookhaven multiple-catalysis limit is the same 
as the inductive limit. All experimental limits 
are 90 per cent confidence levels. 





magnetic flux in and out of the detector’. 
The bottom line seems to be that most step 
signals in the loops can be easily explained 
in terms of mechanical shocks as the 
helium level in the Dewar rises and falls. 
The original Cabrera event may have been 
generated in a similar way. 

- In any case, the Imperial College ex- 
periment, in concert with other negative 
results (including a new Cabrera detector 
run for 100 times the original area-time 
gives an overall upper limit of 
? cm” sr7' s'. This excludes the 
original Cabrera event but 1s still 1,000 
times higher than the Parker bound. 

So what is the future for inductive 
searches and other earth-based searches? 
The original impetus to the development 
of inductive detectors was stimulated by 
the Cabrera candidate and a suspicion that 
slow massive monopoles might not regis- 
ter in ionization detectors. The larger in- 
ductive detectors have illuminated some 
of the problems with these devices, while 
thorough analyses of the ionization prop- 
erties of monopoles have shown that suit- 
ably efficient electronic detectors can be 
made. Indeed. many of the electronic 
monopole hunters are now combining 
forces to fill the Gran Sasso tunnel in Italy 
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with a detector that will reach and perhaps 
exceed the Parker bound’. This seems a 
worthwhile goal. 

With Guth’s inflation and the negative 
experimental results, are magnetic mono- 
poles totally dead? Don’t bet on it. There 
Is as yet no completely satisfactory link 
between inflationary cosmology and par- 
ticle physics. This is further complicated 
by the lack of experimental verification of 
the most straightforward grand unified 
theory. Newer physics — super-symmetry 
or superstrings — still can have built-in 
monopoles. An interesting exemplar’ of a 
group with two sets of monopoles and two 
levels of symmetry breaking is SO(10). 
This might have non-catalysing mono- 
poles with masses as low as 100 TeV. In 
the last year or so there has been intense 
discussion of TeV physics beyond the W. 
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Perhaps one of these theories will even 
have alaboratory-sized monopoleinit. O 
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Space medicine 


The skeleton in space 


from A.W. Goode and P.C. Rambaut 


Wirn astronauts now making multiple 
short trips and with the prospect of their 
undertaking recurrent 3-month tours of 
duty on the Space Station, an understand- 
ing of the influence of gravity on the 
skeleton becomes urgent. Inability to find 
appropriate preventative measures may 
lead to increased urinary calcium, calcium 
deposits in the kidney, renal stones and 
hypertension’. Between middle and old 
age, approximately 15 per cent of skeletal 
tissue is lost’, whereas post-menopausal 
women may lose up to 1 per cent per 
year *. These losses, added to the unres- 
tored or irreversible space-flight losses, 
could lead to an increased risk of fractures 
for astronauts with advancing age. New 
procedures being developed may help to 
determine whether the changes in bone 
density observed in space are reversible. 

The effects of space flight are frequently 
compared with the effects of paralysis or 
long-term bed-rest. In such situations the 
calcium loss seems to be self-limiting; 
however, remobilization in adult humans 
does not seem to correct completely the 
mass defect of the bones’. Whether a simi- 
lar risk confronts the astronauts remains 
to be determined. 

Undesirable changes in bone density in 
space flight were first confirmed in the 
cosmonauts of Vostoks 2 and 3 who were 
found to have increased levels of urinary 
calcium excretion. During the following 
two decades of space flight more data 
from increasingly sophisticated testing 
methods have continued to document the 
loss of calcium from bones. 

The two-man crews of the Gemini IV, V 
and VII missions sustained losses in bone 
density in the heel bone ranging from 2.9 
to 15.1 per cent as measured by post-flight 
radiographic densitometry’. However, 
astronauts and cosmonauts of the Gemini 


VII and Soyuz 9 flights had no change in 
serum calcium levels but exhibited in- 
creased urinary calcium excretion. Post- 
flight data showed a decrease in calcaneal 
bone density of 8-10 per cent’®. 

On the flights of Apollos 7 and 8, bone 
density changes measured by improved 
X-ray densitometry techniques’ showed 
some bone loss in the heel bone in five of 
the six astronauts". "I-photon absorption 
measurements on astronauts in flights of 
Apollos 14, 15 and 16 (up to 12 days’ dura- 
tion) showed bone density changes to be 
6.6 per cent in one astronaut and 7.3 per 
cent in another’. Furthermore, on the 
most recent lunar flight (Apollo 17), the 
estimated total body calcium loss was 0.2 
per cent. For the first time, an apparent 
disturbance in the gastrointestinal absorp- 
tion of calcium was noted with both urin- 
ary and fecal calcium excretion increasing 
during weightlessness". 

Data from the 3 Skylab flights (of up to 
84 days’ duration) revealed that the 
quantity of calcium lost each day in the 
urine began to increase as soon as the crew 
members became weightless. During the 
first month, the loss was only 50 mg per 
day but it was over 200 mg per day by the 
end of the second month”. In both Apollo 
and Skylab programmes the decrease in 
bone density occurred in the calcaneus, 
but not in the radius or ulna, confirming 
that mineral loss occurs primarily from 
weight-bearing bones in crew members on 
all space flights. 

Increased bone turnover or resorption 
was seen in Skylab during the first 30 — 40 
days of weightlessness and then tended to 
stabilize". Fecal calcium output initially 
declined in-flight, then rose above pre- 
flight values. Following Skylab flights, cal- 
cium balance tended to become less nega- 
tive, but did not reach equilibrium during 
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the 18-day post-flight observation period. 
The mineral density in Skylab astronauts 5 
years after their flight is lower than before 
their flight". Data from the Russian flights 
of the Salyut programme. which has in- 
cluded missions of up to 237 days in dura- 
tion. reveal similar reductions in mineral 
content”. It has been suggested" that 
these smaller than anticipated bone losses 
can be attributed to various countermea- 
sures A ‘penguin’ suit, worn almost con- 
tinuously by cosmonauts in long-term 
missions”, ıs designed to provide a load of 
about 50 per cent of the body weight on 
the cosmonaut when in the normal 
earthbound posture. And maintenance of 
nutrient intakes at high levels and exten- 
sive exercise on the ergometer and the 
treadmill are also thought to reduce bone 
losses. 

Losses of calcium of the magnitude 
observed in space are smaller than those 
seen in long-term immobility in patients. 
However, the study of skeletal change in 
space in the absence of disease offers 
a unique opportunity to understand 
mechanisms of skeletal integrity for the 
benefit of both astronaut and patient. 
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Gene modification 


Targeting in mammalian cells 


from Tom Maniatis 


ALTHOUGH the feasibility of stably intro- 
ducing cellular genes into mammalian 
cells was demonstrated several years ago', 
the targeting of genes to their normal 
chromosomal location has not been 
achieved until now. But on page 230 of 
this issue Smithies et al report a series of 
elegant experiments that clearly demons- 
trate the feasibility of introducing a cloned 
human (-globin gene into its normal chro- 
mosomal location by homologous recom- 
bination in cultured cells’. These experi- 
ments lay the groundwork for developing 
practical methods for the targeted mod- 
ification of mammalian genes and they 
may also improve the prospects of human 
gene therapy. 

When cloned DNA is introduced into 
cells by calcium phosphate precipitation’ 
or microinjection’, ıt is incorporated into 
the host genome at random sites by a 
mechanism that does not involve homolo- 
gous recombination (reviewed in ref. 5). 
Although cloned DNA sequences recom- 
bine with each other when introduced into 
mammalian cells”? evidence for recom- 
bination between the introduced gene and 
its natural chromosomal counterpart has 
been difficult to obtain. The possibility 
that transfected histocompatability genes 
can recombine with their endogenous 
counterparts has been suggested by two 
studies’ “, but the identification and 
characterization of the products of such 
recombination events have not been re- 
ported Other studies have demonstrated 


recombination between a mutant select- 
able gene stably introduced into mam- 
malian cells (an ‘artificial target gene’) 
and a homologous transfected gene carry- 
ing a mutation at another site within the 
gene™™"™, but direct evidence that these 
recombination events result in the site- 
specific integration of the cloned DNA 
was not obtained. 

Smithies et al.? owe their success in 
targeting the human ß-globin gene to its 
normal chromosomal location to a novel 
approach that incorporates several impor- 
tant features for optimizing the frequency 
of generation and the sensitivity of detec- 
tion of targeted recombinant molecules. 
First, the donor or test plasmid contains 
DNA sequences that allow it to be discri- 
minated both before and after integration 
from the normal chromosomal copy of the 
6-globin gene. Second, a cell line in which 
the B-globin gene is active is used as the 
recipient cell, because insertion of the 
plasmid into an inactive locus could turn 
off the expression of the linked selectable 
marker (the neomycin resistance gene, 
neo, which confers resistance to the anti- 
biotic G418), and thus eliminate any true 
recombinant from the population of trans- 
formed cells. Third, the donor plasmid is 
cleaved within the B-globin 5’-flanking 
sequences by BstXI to optimize the fre- 
quency of recombination, on the basis that 
cleavage of transforming DNA within the 
region of homology significantly increases 
the frequency of homologous recomb- 
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ination in yeast” and mammalian cells™. 
Fourth, a bacteriophage lambda gene res- 
cue procedure"™ is used to identify and 
isolate the recombinant DNA fragments 
from a mixture of total genomic DNA 
through its association with a bacterial 
suppressor tRNA gene (supF). 

As shown in Fig. |, recombination be- 
tween the donor plasmid and the chromo- 
somal copy of the globin gene will gen- 
erate a unique Xbal fragment of 77 
kilobases that contains the supF gene and 
the intact B-globin gene plus 5’- and 3’- 
flanking sequences. This fragment can be 
rescued from total genomic DNA of the 
host cell by digesting with Xbal, ligating to 
an Xbal phage vector bearing two amber 
mutations, packaging the phage in vitro, 
and then plating on Su” bacteria. Those 
recombinant phage that grow on Su’ bac- 
teria will have acquired the supF gene and 
contain either randomly integrated globin 
genes or the targeted gene. Phage contain- 
ing the targeted gene can be distinguished 
from the random inserts by the presence 
of the second intron (IVS 2) of the p- 
globin gene. In a typical experiment’, 
approximately 10° viable phage were re- 
covered from the packaged DNA, 1,000 of 
these formed plaques on Su” bacteria, and 
just one of these phage contained the 
targeted gene. The initial transformation 
frequency was 10™ or 10°, giving an over- 
all homologous recombination frequency 
of approximately 10°’-10™ of the cells ex- 
posed to the transforming DNA 

This low frequency of recombination 
immediately raised concerns such as 
whether the rare recombinant phage i is the 
result of recombination during in vitro 
packaging of the phage DNA, or of con- 
tamination from laboratory phage stocks. 
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Fig. 1 Strategy for introducing cloned human 
B-globin gene into chromosomal DNA by 
homologous recombination. Numbered boxes 
are exons, thick lines are introns (IVS) Re- 
striction endonuclease cleavage sites for the en- 
zymes BstXI and Xba] are indicated. Dashed 
lines indicate the site of recombination between 
chromosomal DNA and the donor plasmid 
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To address these concerns, Smithies et al. 

found and investigated the cell line con- 
taining the targeted B-globin gene. 

Genomic-blotting analysis of this line 
revealed that the integrated donor 
plasmid had the structure shown in Fig 1, 

proving that a homologous recombination 
event had indeed occurred. 
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Implications 


Although the frequency of homologous 
recombination provided by this technique 
is presently too low for most applications, 
at least recombination can be observed 
and an assay 1s available to detect it From 
this beginning it may now be possible to 
develop methods for increasing the fre- 
quency of homologous recombination. 

One ultimate application of such techni- 
ques is to alter genes ın their normal chro- 
mosomal context, which could be invalu- 
able in the analysis of the mechanisms of 
gene expression in higher eukaryotes. As 
yet, it has not been possible to establish 
rules for the appropriate regulation of 
cloned genes introduced into mammalian 
cells. But numerous studies that show 
qualitative or quantitative differences be- 
tween the expression of transfected genes 
and their endogenous counterparts sug- 
gest that the chromosomal context of 
some genes play an important role in their 
expression. For example, B-globin genes 
introduced into mouse erythroleukemia 
cells (MEL) at random chromosomal! 
positions are appropniately regulated 
when the cells are induced to differentiate 
into erythroid cells, but the amount of 
6-globin mRNA produced is 10 — 100-fold 
less than from the endogenous globin 
genes, on a per gene basis””. A more 
extreme example ıs the expression of the 
cloned human a-globin gene in cultured 
cells. This gene is regulated correctly 
when introduced into MEL cells by 
chromosome transfer methods” but is not 
regulated when it is introduced into the 
same cells by DNA transformation”. 
Similarly, a number of genes are ın- 
appropriately regulated when introduced 
into the germ line of mice (see ref. 25 for 
review). On the other hand, there are ex- 
amples in which cloned genes introduced 
into the germ lines of flies ™ or mice” are 
regulated in a manner thats indistinguish- 
able from that of the endogenous genes, 
Irrespective of their location in the 
genome of the transformant. Thus, at 
least in certain cases, normal chromosom- 
al location is not a prerequisite for normal 
gene expression. 

Regardless of the reasons for the ob- 
served variability of expression of cloned 
genes in mammalian cells, it is clear 
that precise gene replacement would be 
preferable to random integration if it 
could be accomplished. In this regard, it is 
important to note that Smithies et al.” have 
achieved only the first step of precise gene 
replacement. As shown ın Fig. 1, the inte- 
grated B-globin gene contains a partially 
duplicated B-globin gene, vector sequen- 





Erratum 


In the article by Shen-su Sun “Ocean islands — 
plums or plumes?” (11 July, page 104) the last 
sentence on page 105 should have read. “It ıs 
conceivable that a large plum within the slowly 
convecting mantle might be sufficiently robust 
to turn into a plume i 
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ces and the selectable gene. Thus, the 
chromosomal context of the integrated ß- 
globin gene differs significantly from the 
normal situation This is of concern, since 
it is known that -globin genes are in- 
appropriately regulated when they are in- 
troduced into transgenic mice linked to 
vector sequences; removal of these sequ- 
ences results in the normal expression of 
the gene even though it is integrated at 
random chromosomal locations”. It 
would therefore be interesting to know 
whether the integrated B-globin gene in 
the cell line characterized by Smithies et 
al. ° ıs appropriately regulated 

In contrast to mammalian cells, precise 
gene replacement has been a routine pro- 
cedure in yeast for several years”. As 
shown in Fig 2, the first step in this pro- 
cess is analogous to that used by Smithies 
et al’. Homologous recombination be- 
tween a wild-type gene in the donor plas- 
mid (which contains Ura3* as a selectable 
marker gene) and a chromosomal gene 
containing a mutation, results in the 1n- 


Chromosomal copy of mutant gene 


Donor plasmid 
with type gene 





Ura3* 
Integration | 





j Alternative excisions \ 


Fig. 2 Strategy used for precise gene replace- 
ment in yeast. 


tegration of the wild- type copy of the gene 
adjacent to the mutant copy. A subse- 
quent recombination event will lead to the 
excision of either the mutant or wild-type 
copy of the gene, depending on the site of 
crossing over. Now that the first step in 
gene replacement has been demonstrated 
in mammalian cells, ıt may be possible to 
achieve the second step by using a strategy 
similar to that used in yeast. However, the 
enormous background of random integra- 
tion events in mammalian cells compared 
with that in yeast represents a major 
obstacle to the identification of mamma- 
lian cells in which recombination has 
occurred. Moreover, except in the occa- 
sional hemizygous cell line; only one of 
the two copies of the gene of interest will 
be altered ın the diploid mammalian cell, 
presenting the difficulty of studying trans- 
cription of the altered gene in the presence 
of an unaltered gene. This problem also 
complicates gene disruption experiments 
of the type used so effectively in yeast”. 
Thus, although it should now be possible 
to replace genes in mammalian cells, the 
technology in its present state does not 
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provide a practical method for studying 
gene expression. 

To what extent does the successful gene 
targeting method devised by Smithies et 
al.’ improve the prospects of gene ther- 
apy? The authors indicate that the ability 
to target genes may ultimately allow the 
modification of defective B-globin genes 
in the bone marrow stem cells from pa- 
tients with B-thalassaemia of sickle-cell 
anaemia. But, as they note, enormous dif- 
ficulties remain to be solved. For exam- 
ple, the frequency of transformation and 
homologous recombination is orders of 
magnitude too low to target genes in 
haematopoietic stem cells, which are pre- 
sent in very small numbers in bone mar- 
row. In addition, it is not presently possi- 
ble to select for homologous recombinants 
over the high background of random 1n- 
sertion events. Therefore, virtually all of 
the cloned B-globin genes introduced into 
stem cells would not be targeted. 

Whether gene targeting methods or 
retrovirus vectors” ” are eventually used 
for gene therapy, and whether gene ther- 
apy proves to be practical or beneficial, 
remains to be established (see ref. 37 for 
discussion). In any case, the accomplish- 
ments of Smithies et al.” represent an im- 
portant first step in the in situ manipula- 
tron of mammalian genes. C 
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Identical pentapeptides 
with different backbones 


Sıir—In a comment on a recent News and 
Views article by Harrison’, Fasman’ main- 
tains that we drew a false conclusion from 
the finding of identical pentapeptides with 
different backbone configurations’. He 
also gives the impression that his algor- 
ithm is capable of correctly predicting the 
secondary structure of such identical 
pentapeptides, as it takes into account the 
different neighbouring sequences on both 
their amino and carboxyl termini. 

Contrary to Fasman’s point of view, we 
believe that the strictly hierarchical 
approach of first predicting secondary 
structure segments, then tertiary structure 
by interaction of those segments, cannot 
succeed There is a strong feedback com- 
ponent from the tertiary structure. This is 
clearly demonstrated in the case of bovine 
and porcine pancreatic phospholipases’ ` 
Here, a segment of 13 amino acids differ- 
ing only in one position (Val/Phe) assumes 
quite different conformations ın the two 
closely related enzymes: 

Bovine: ... LDSCKVLVDNPYT .. 

Porcine: ... LDSCKFLVDNPYT... 
while the flanking sequences have the 
same conformation in both structures. 

In conclusion, it has never been our in- 
tent to discredit predictive schemes but to 
point out their limitations’ and caution 
against overinterpretations. Hopefully, 
awareness of the difficulties of protein 
structure prediction will lead to real 
progress. 

WOLFGANG KABSCH 
CHRIS SANDER 
Max-Planck Institut fur 
medizinische Forschung, 
6900 Heidelberg, 
Jahnstrasse 29, FRG 
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Haldane’s rule OK, but 
not always 


Sır—In a recent article’, Haldane’s rule 
“When in the F, progeny of two animal 
races one sex is absent, rare, or sterile, 
sthat sex is the heterozygous (heterogame- 
tic) sex”, was lauded as surviving, pre- 
sumably unblemished. It has been con- 
firmed for mammals, birds, butterflies 
and snakes' and insects’ Nonetheless, a 
good rule need not be without exception. 

In North America, certain populations 
of the mole salamander (genus Ambysto- 
ma), the female of which is the heter- 
ogametic (WZ) and the male the homo- 
gametic (ZZ) sex’ *, exist as combinations 
of sympatric species and their hybrids. 
These complexes consist of naturally 
occurring diploid, triploid and tetraploid 


individuals and such populations have 
been labelled unisexual, for in all those 
examined (A. laterale-jeffersonianum’, A. 
jeffersonianum-texanum', A. laterale- 
texanum" °, A. nothagenes” 
either yet to be found, or at most form 5% 
of the population Of the few reported 
males, three have been triploid and the 
rest diploid. Laboratory reared offspring 
from eggs of diploid and polyploid females 
have all been female‘. The rarity of males 
ın these hybrid complexes contrasts 
strongly with the normal 1:1 sex ratio or 
even preponderance of males in non- 
hybrid ambystomid populations”. 

The rarity of males has prompted some 
authors to propose a parthenogenetic’ "or 
gynogenetic* mode of reproduction but we 
have shown that at least on Pelee Island 
(Lake Erie, Ontario), sperm is needed 
and incorporated into gametes of female 
A. laterale-texanum. Unreduced eggs of 
these hybrid females combining with ha- 
ploid sperm produce the observed triploid 
and tetraploid animals. Unreduced eggs in 
a “dominant W” sex determination system 
will lead to mostly females’ ° as found, but 
diploid females should produce males in a 
minimum of 3F:iM ratio. | 

In hybrid Ambystoma, males, the rare 
or absent sex, are homogametic. 
Although there is reduced hatching suc- 
cess in eggs from hybrid females” °, tri- 
ploid and even tetraploid hybrid females 
are fertile. In this early stage of our inves- 
tigations, we conjecture that Z-containing 
gametes from diploid (WZ), Z or ZZ ga- 
metes from triploid (WWZ, WZZ) and Z, 
ZL, or ZZZ gametes from tetraploid 
(WWWZ, WWZZ, WZZZ) females are 
rarely produced, are not viable, or that 
most larvae homozygous for Z and there- 
fore destined to be males, do not survive. 
The virtual absence of polyploid males is 
explainable as a consequence or unre- 
duced eggs from the W carrying females, 
but the number of diploid male hybrids 1s 
far lower than expected. It appears that in 
ambystomid salamanders, males may be 
innately more sensitive to the effects of 
interspecific hybridization than are the 
females, an explanation rejected by Hal- 
dane himself. 

LAWRENCE E. LICHT 
Department of Biology. 
York University, 
Toronto, Ontario, 
Canada M3J 1P3 

James P. BOGART 

Department of Zoology, 
University of Guelph, 
Guelph, Ontario, l 
Canada NIG 2WI 
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Dating of craters 
and extinctions 


Sir—Recently Weissman’ discussed the 
topic of periodicity in the geologic record 
of extinctions and craters. The weakest 
correlation ın his work is the late Ordovi- 
cian extinction, for which his Fig. 1. shows 
no craters = 10 km and only one > 5 kmin 
diameter. On or about the same date I 
reported’ the finding of iridium in breccias 
of Jeptha Knob, Kentucky and suggested 
that the ~ 2 km feature could represent 


the central peaks of a larger (~ 20 km?) 


complex crater. If this latter 1s true, be- 
cause Jeptha Knob has intensely de- 
formed Upper Ordovician rocks beneath 
undeformed Silurian cap-rocks, the cor- 
relations on Weéissman’s Fig. 1 would 
seem much better. Note also that the 
Glasford Disturbance, Illinois’, similar to 
Jeptha Knob but completely buried, is of 
the same age. 

Many cryptoexplosion structures are 
poorly dated, but where their ages can be 
determined they should be included in the 
arguments for or against periodicity. Un- 
fortunately, all in Grieve’s* list probably 
fail in size or in dating, although it is not 
clear which, if any cryptoexplosion struc- 
tures are included in Weissman’s Fig. 1. 

C. RONALD SEEGER 
Department of Geography and Geology, 
Western Kentucky University, 
Bowling Green, 
Kentucky 42101, USA 
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Icosahedral packaging of 
spheres 


Sir—I wish to question the accuracy of 
the statement in A.L. Mackay’s excellent 
letter (Nature 315, 636; 1985) that the 
central space of tcosahedrally packed 
spheres will accommodate a sphere with 
95% of the radius of the others. 

If the outer spheres are of unit dia- 
meter, then their centres form an ico- 
sahedron whose side ts unity The circum- 
radius of that icosahedron is 5° . r"? /2 
where r is the Golden mean ( (5'° + 1)/2 
= 1.618033989). Thus the circumradius is 
).951056517. Since the outer spheres have 
a radius of 0.5 then the inner sphere 
has a radius of (0.951056517 — 0.5) = 
0.451056517. This gives it a diameter of 
0.902113034 and this 1s 90.2% of the outer 
spheres’. 

Itis of interest that the 12 spheres of the 
outer shell can be close packed in a ‘dyma- 
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xion’ array (Buckminster Fuller) and all 
touch an inner sphere of the same radius. 

The point is not trivial. for I have been 
constructing models of quarks made up of 
infinite dimensional spheres of unit radius 
(each has a content then of 47 123789). 
Twelve of these tn icosahedral array sur- 
round a central infinite sphere with 0.734 
of the three-dimensional content of the 
outer spheres This results in a content. 
taken over infinite dimensions. of 600.08 
(600 + (1/12)). This allows the central space 
to be a four-dimensional 600-vertexed 
regular polytope A quark is proposed as 
having an infinite kernel of 47.123789 giv- 
ing 647.123789 for the u and d quarks. Ina 
proton only a three-dimensional ico- 
sahedron ıs present in the kernel giving a 
content of 3 x (600.08 + 12) = 1,836.24. 

In the neutron each icosahedral array 
changes to a dymaxion array (making it 
unstable) surrounding another sphere giv- 
ing 3 x (600.8 +13) = 1,839.24 

Some corroboration of this approach 
can be found ın the examination of the 
content of different dimensional spheres, 
which rise to a maximum at five dimen- 
sions from unity at zero dimensions and 
reach unity again at 1276 ‘fractal’ 
dimensions’. 

BRIAN E. HAGAN 

Queen Elizabeth II Research Institute, 
University of Sydney and University 
of New South Wales, Sydney, Australia 
l Hagan BE Appl Pins Commn 4. 161-177 (1984) 


The distribution of charges 
in classical electrostatics 


Sır—Berezın' has drawn attention to the 
“surprising” fact that the minimum- 
energy configuration of a system of N 
equal electric point charges q, constrained 
to lie on a disk of radius R, isin general not 
the arrangement with all the charges on 
the periphery with equal spacings (con- 
figuration A) 

Berezin goes on to say that his result 
may have a bearing on truly three- 
dimensional geometries, but it can readily 
be proved that for a system of point 
charges confined to a spherical region, the 
minimum-energy configuration cannot 
conceivably have a charge at the centre. 

Such a configuration would contradict 
Earnshaw’s theorem’ that a charge (say, at 
the centre of a sphere) cannot be held in 
stable equilibrium by the electrostatic 
field of all the other charges. This does not 
preclude Berezin’s configuration B in the 
case of a disk, since a charge at its centre 
may be in stable equilibrium with respect 
to variations only in the plane of the disk. 

Berezin’s statement’, that for N charges 
` onthe disk, one charge will be displaced to 
its centre (configuration B) for N = 121s 
not valid 

With increasing N, the charges appear 
to arrange themselves in more and more 
complex patterns of concentric rings, with 
equal spacings on each ring. This problem 
was Investigated by calculating numerical- 
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ly the total energy for various numbers of 
equally spaced charges on each of several 
such rings as a function of the radi of the 
rings, with a possible charge at the centre. 
The results are insensitive to the precise 
angular coordinates of charges. 

With units in which q = R = | con- 
figuration B is that of minimum energy 
only for 12 = N & 16. For N = 17, there ıs 
a lower-energy configuration with two 
charges at radius r = 0 31, the other I5 
charges being at r = 1; its energy is W = 
133.8, which ıs lower than the value W = 
134 1 for configuration B. 

When N = 29, for example. the lowest- 
energy configuration has six charges at r = 
0.49, the remaining 23 being at r = I (W = 
444.5, compared with W = 459.4 for con- 
figuration B). But when N = 30, the 
minimum-energy configuration has one 
charge at the centre, six at r = 0 55 and 23 
atr = 1 (W = 479.1. compared with W = 
496 5 for configuration B). 

This trend suggests, as one might ex- 
pect, that the charges tend to spread over 
the disk, though most of them always re- 
main at the periphery. In fact, the con- 
tinuum limit of an electrified conducting 
disk is known’. If the total charge 1s Q, the 
charge density at radius r is o(r) = Q 
(27R(R° Zs r`) ae Tie 

N.M QUEEN 
Department of Mathematics, 
University of Birmingham, 
PO Box 363, 
Birmingham B15 2TT, UK 
| Berezin A A Nature 315, 104 (1985) 
2 Panofsky WKH & Philhps.M Classical Electricity and 
Magnetism, 2nd edn, 26 (Addison-Wesley. Reading. Mas- 
* sachusetts 1962} 


3 Arfken. G Mathematical Methods for Physicists, 2nd edn, 
109 (Academic, New York, 1970) 


Sir—Berezin' considers how N charges 
would distribute themselves over the sur- 
face of a disk and seems surprised to find 
that, for N = 12, they do not all he around 
the circumference. But in the limit of very 
large N, they would surely be distributed 
with surface density <(a’—r’)~”, where a 
is the disk radius (for r < a), this being the 
charge distribution over a conducting disk 
given. by simple electrostatics. The 
charges would actually group themselves 
into an N-dependent lattice pattern: it 
would be interesting (and perhaps rele- 
vent to snowflake growth, for instance) to 
calculate what these configurations are. 
Classical electrostatics does not (as 
Berezin implies) tell us that the charge lies 
only at the edge of a two-dimensional con- 
ductor. (The charge density does, howev- 
er, tend to infinity at the edge.) In three 
dimensions, the charge does lie on the 
surface and a Berezin-type calculation 
would confirm this rather than requiring 
“modification of usual theorems of elec- 
trostatic stability”. This 1s readily seen for 
the case of a conducting sphere or ellip- 
soid. Suppose that the surface were 
charged and .that one extra test charge 
were at the centre. If the surface charges 
were held fixed, the test charge would feel 
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no force even if it were displaced from the 
centre: however, the surface charges dis- 
tribution would adjust (being repelled by 
the test charge). and the adyusted distribu- 
tion would attract the test charge towards 
the surface, implying that no charge could 
remain stably in the interior. 

MARTIN REES 
Institute of Astronomy, 
Madingley Road, 
Cambridge CB3 OHA, UK 
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SiR—My thanks to those who wrote com- 
ments on my recent letter ‘An unexpected 
result in classical electrostatics". The pa- 
radox 1s, indeed, resolved, if the circle 
with point charges is treated as a thin disk 
embedded 1n three-dimensional space and 
the central charge is actually at the centre 
of one of the flat surfaces of the disk. 
There will be, of course, no critical N for 
the ‘charge ejection’ to the centre of the 
case of a three-dimensional empty sphere. 
The problem of the gradual build-up of 
concentric spherical layers of point 
charges will, however, remain for the 
sphere containing a uniformly spread 
fixed positive charge (a static version of J. 
J. Thomson’s atomic model). 

This discussion has also revived an in- 
terest in the old but still largely unre- 
solved problem of how to find the equilib- 
rium configuration of N equal point 
charges placed on the surface of a sphere. 
Despite a number of valuable 
contributions“, its solution is known only 
for some special values of N and the gener- 
al algorithm valid for any integer N is yet 
to be found. Even for the ‘simple’ cases of 
N=4, 6, 8, 12 and 20 (platonic 
polyhedrons) there is a very interesting 
curiosity which seems to contradict com- 
monsense. While the tetrahedron (N=4), 
octahedron (N=6) and icosahedron 
(N=12) do indeed provide the mint:mum 
energy configuration, the cube (N=8) and 
dodecahedron (N=20) do not’’*. It, 
perhaps, may be attributed to the fact that 
tetrahedron, octahedron and icosahedron 
all have ‘rigid’ triangle faces, while the 
cube and dodecahedron have ‘soft’ de- 
formable faces (square and pentagon re- 
spectively). 

Numerous other possibilities also re- 
main open for study, for example, N non- 
equal charges (Q, 20, 3Q . .), an un- 
equal number of positive and negative 
charges confined to two close concentric 
spheres, point charges on non-spherical 
surfaces, and so on. 

ALEXANDER A. BEREZIN 
Department of Engineering Physics, 
McMaster University, 
Hamilton, Ontario, 
Canada L8S 4M1 
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-BOOK REVI EWS- 


The uaia and the smooth. 


Sydney Br enner 


The Transforming Principle: Discovering that Genes are Made of DNA. 


By Maclyn McCarty. 


W. W. Norion, 1985. Pp.252. $14.95, £14.95. 


For most young molecular biologists. the 
history of their subject is divided into two 
epochs: the last two years and everything 
else before that The present and very 
recent past are perceived in sharp detail 


but the rest is swathed ın a legendary mist’ 


where Crick. Watson. Mendel. Darwin — 
perhaps even Aristotle —- coexist as 
uneasy contemporaries. It would not sur- 
prise me to find that most graduate stu- 
dents have not heard of Avery. MacLeod 
and McCarty or of their discovery that the 
transforming principle of the pneumo- 
coccus was DNA. The general ignorance of 
our times might easily consign this book, 
with the wonderful title The Transforming 
Principle, to the “Religion and Occult” 
section of a bookshop, as once I found 
Levi-Strauss’s The Raw and the Cooked 
under ` “Recipes” 

The book is Maclyn McCarty’ s account 
of his own life and, at the same time, the 
story. told from first-hand know- 
ledge. of the discovery that 
genes are made of DNA (or, asit & 
was seen then, that inherited 4 | 


oF 


characters could be introduced 
into bacteria by DNA). It is a | 


:¥ 
n! 


story that is plainly and simply 
told, with none of the self- 
centred pomposity of so many 
autobiographies, and with an 
objectivity that increases its in- > 
terest and fascination. McCarty 
came upon the scene quite late, 
and departed soon after the pub- | 
lication of the important paper; : 
he seems to write about the work ` 
from the stance of a less involved 
observer but is nonetheless dec- ’ 
isive and clear about his personal 
contribution. In addition, he has 
produced an interesting picture F% 
of the old Rockefeller Institute ppi 
and an evocation of what it was 
like to be a scientist 50 years ago. 
The sequence of events can be 
briefly recounted. Avery, like 
many of his contemporaries, had 
a lifelong interest in the pneumo- 
coccus, a great killer of pre- 
antibiotic days. In 1917, together 
with Dochez, he discovered that § 
culture fluids of pneumococci 
contained- a specific soluble 
substance (SSS) which could be 
typed with antisera. More or less. 
concurrently it became clear that ° 
SSS was derived from the cap- Bam 
sule of the bacterium and that ES 
virulence depended on the cap- 
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sule. Cultures of pneumococci underwent 
“dissociation” to throw off avirulent 
strains: on agar plates these gave “rough” 
(R) colonies, as opposed to “smooth” (S) 
colonies of the virulent, encapsulated 
strains In 1926. Heidelberger showed 
that SSS. and hence the capsule, was a 
polysaccharide. and, two years later, 


Dubos was able to enrich for a bacterium, 


which produced an enzyme that degraded 
SSS type III which was to play a significant 
role later. - 

It was in the course of study of the 
smooth and rough variation that Griffith 
discovered transformation’ In a 46-page 
paper published in 1928, he reported that 
mice injected with an avirulent, rough 
strain, derived from one type, together 
with a heat-killed smooth strain of a 
different type. succumbed to infection; 
remarkably, the virulent organism isolated 
was of the type of the dead smooth strain. 


he 





Maclyn McCarty — “This is it, at long last”. 
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1 Thus. type I rough strains could be “trans- 
formed” into type II or III, and type II into 
type I or III by using the appropriate heat- 
| killed strains. Griffith tried to get trans- 
formation in vitro, but failed. His inter- 
pretation of the results can be judged 
from the following remark in his paper: 


When the R form of either type ts furnished 
under suttable experimental conditions with a 
mass of the S form of the other type. tt appears 
to use that antigen as a pabulum to build up a 
similar antigen and thus develop into an S strain 
of that type. 


There was no genetics involved here. and 
his idea was very much that the antigen 
acted as a “primer™ and itself determined 
what antigen was subsequently made. 

The in vivo research was quickly con- 
firmed by other workers, in particular by 
Dawson who was working in Avery's 
laboratory on S—R interconversion. His 
1930 paper also reported the failure to 
produce transformation n vitro, but. 
together with Sia, he was able to announce 
success a year later, after he had left the 
Rockefeller Institute. Alloway continued 
the experiments in Avery's laboratory and 
by 1933 had found a way of making ex- 
tracts with consistent transforming activ- 
ity. None of these papers had ‘Avery's 
name on them but there is evidence that 
he followed the work closely. 

The hero of the tale is. without 
doubt, Colin MacLeod, who 
™ entered Avery’s laboratory in 
- 1934 to work on transformation. 
He selected a stable rough 
strain, R36. which showed no 
reversion and was efficiently 
transformed. He used Dubos’s 
enzyme to prove: that transfor- 
mation by type III could not be 
due to the polysaccharide; this 
method of using specific en- 
zymes to assay the chemical 
nature of the transforming prin- 
ciple was to be applied over and 
_ over again, and indeed was 1m- 
: portant to the final proof that it 
was DNA. MacLeod aroused 
Avery’s interest in the work 
again, and research proceeded 
for three years when it was drop- 
' ped. and MacLeod went to work 
on other aspects of the pneumo- 
coccus. It seems that he needed 
to push out publications so as to 
ensure his future career. Times 
have not changed very much so 
far as this familiar problem 1s 
m concerned, but what has chang- 
ed is that nobody else entered 
- the field during the three-year 
# hiatus. 
iR In 1940 the research was taken 
SIAS d, up once more, but MacLeod left 
< Yrth the Rockefeller Institute in 1941. 
~i Nearly all the subsequent work 
was done by McCarty, who join- 


thee 
varias yuu) ed Avery’s laboratory in the 


same year, and in the book he 
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gives a first-hand account of all the experi- 
ments which led to the conclusion “that a 
nucleic acid of the deoxyribose type is the 
fundamental unit of the transforming 
principle of Pneumococcus Type IH”. The 
famous paper appeared on 4 February 
1944 in the Journal of Experimental 
Medicine; on the reprint he sent to his 
mother, McCarty wrote “This is it, at 
long last”. 

Gunther Stent has tried to explain why 
this result had so little impact on contem- 
porary genetics by arguing that it was a 
“premature” discovery. McCarty does not 
accept this He believes that ıt made possi- 
ble the development of molecular genetics 
but that “it required further biological, 
chemical, and structural development 
before it could be manipulated by geneti- 
cists”. Bacteriology developed quite 
separately from the rest of biology and 
was connected strongly with medicine. All 
of the participants were trained in medi- 
cine and were interested in infectious dis- 
ease; they did not believe for quite some 
time that they were in fact doing genetical 
research, although they were clearly con- 
scious of the importance of the result once 
they got on the right track. I think Stent is 
right in saying that the field was not ready 
to assimilate this result. There was no way 
at that time that anybody could have con- 
ceived how to go from DNA to polysac- 
charide. The role of proteins was not 
understood, the one-gene-one-enzyme 
hypothesis had not been formulated, and 
haploid genetics in organisms with no visi- 
ble chromosomes had yet to be invented. 
Indeed there were many people who 
believed that bacteria did not have genes 
because Mendelian experiments could not 
be performed with them, and it would 
have been an impossible leap for geneti- 
cists to view the transformation experi- 
ments as a kind of genetic cross. In 1952, 
Hershey and Chase showed that when a 
bacterial virus infects a bacterium only the 
DNA enters the cell while most of the 
protein is left on the outside. Although 
this experiment was not as “clean” as the 
transformation experiments, it had a 
greater impact precisely because of the 
intervening conceptual developments that 
had taken place in fields such as bio- 
chernical genetics. 

Did this work deserve a Nobel Prize? Of 
course it did, and probably more so than 
many of the ones given since. But as 
McCarty suggests, the Committee was 
more careful than wise and let it go by. 
Thus the story ends on a somewhat sad 
note, and leads the reader to contemplate 
the ruthlessness of the process of scientific 
research, and why, as one grows older, 
one comes to value books such as this, not 
so much for their scholarship, but for the 
memories of men and the humanity they 
bring with them. E 


Sydney Brenner ıs Director of the Medical 

Research Council's Laboratory of Molecular 

Biolee»: Hills Road, Cambridge CB2 2QH, 
K. 


BOOK REVIEWS 
Homage to Patagonia 
from the hard-nosed 
palaeontologist 
Leonard Krishtalka 


Bone Hunters in Patagonia: Narrative of 
the Expeditions. By J. B. Hatcher. Ox Bow 
Press, PO Box 4045, Woodbridge, Con- 
necticut 06525, USA: 1985. Pp.209. Hbk 
$24; pbk $12.95. 


Few FIELD journals are classic, slow- 
paced thrillers. Darwin's Voyage of the 
Beagle is one. John Bell Hatcher’s Bone 
Hunters in Patagonia is another. From 
March 1896 to September 1899, Hatcher, 
a renowned American palaeontologist 
and collector, led three year-long scientif- 


ic expeditions to Patagonia on behalf of 


Princeton University. Like Humboldt and 
Darwin before him, Hatcher was one of a 
succession of-tlustrious naturalists lured 
to South America by its strange faunas, 
living and fossil. What drew Hatcher in 
particular were the exotic, extinct marsup- 
tal and placental mammals preserved in 
Patagonia’s basaltic badlands and tower- 
ing sea cliffs. The results of his work -—- the 
seven-volume Reports of the Princeton 
University Expeditions to Patagonia — 
appeared in 1903; four of the volumes des- 
cribed Hatcher’s huge palaeontological 
collections and three equally massive ones 
the extant mammals, birds and plants. 
Burted ın the first volume of the Reports, 
and rarely read, is Hatcher's fascinating 
“Narrative of the Expeditions”, of which 
Bone Hunters in Patagonia is a facsimile 
reprint. As such, it is a rhapsodic yet 
blood-and-guts overture to an early scien- 
tific masterpiece and ranks with the South 
American sections of Darwin's Voyage in 
its mix of adventure. adversity and natural 
history. 

Nine chapters of Bone Hunters in Pata- 
gonia describe the first expedition (March 
1896 to July 1897), two deal with the 
second (November 1897 to November 
1898) and one covers the third (December 
1898 to September 1899). Throughout. 
Hatcher 1s a study in dualism His travails 
with equipment. horses, food. disease. 
injury and Patagonian winters and terrain 
are, in gentlemanly fashion, understated. 
Twice he came close to death. once from a 
severe head wound. and again from a vio- 
lent recurrence of inflammatory rheumat- 
ism. a lifelong disease. From between his 
lines emerges a “wild-west™ loner and 
hard-nosed perfectionist of unshakabie 
determination and courage who felt 
driven “beyond the limits of civilisation 
[to study nature] in her true form“ 
(p 169). 

Hatcher bitterly resented the “fireside 


naturalist, who seldom goes beyond his- 


private study” (p. 37). especially those 
“parasites” who gained palaeontological 
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repute by describing his collections. Rural 
Argentina too evoked his ethnocentric 
ire, from the cold. filthy villages to the 
overrated talents of the gauchos. But his 
view of Patagonia’s natural history and 
geography is almost elegiac Here. Hatch- 
er's “love of nature” brought a focused 
eye and sensitive pen to the appearance. 
ecology and behaviour of myriad species 
of mammals. birds and lizards. and made 
him rue his “brutal” killing of these anım- 
als. whether for food or science He was 
awed, almost seduced. by the grand con- 
tours of Patagonia’s coastal. interior and 
Andean terrain. much of which Hatcher 
was the first to explore and map. His 
geographical discoveries included new 
mountains and = rivers. and helped 
settle the Argentintan—Chilean boundary 
question. 

Hatcher makes only passing reference 
to the geology and palaeontology of Pata- 
gonia. subjects he reserved for the-scien- 
tific volumes but never completed. He 
does exult (deservedly so) over the wealth 
of Santacrucian (Miocene) fossil mam- 
mals he and his sole assistant. O A. Peter- 
son, collected at Kallik Arke (1.5 tons) and 
Corriguen Aike (4.5 tons) and correctly 
challenges Florentino Ameghino’s er- 
roneous association of dinosaurs (Cretac- 
eous) with the mammalian fauna trom the 
Pyrotheruum beds (Oligocene) He was 
unable to find these beds. however. and as 
this was the goal of the second and third 
expeditions, it was Hatcher's only tailure, 
and one he constantly lamented. Never- 
theless. his geological work helped retine 
the stratigraphy of Patagonia. and his vol- 
uminous collections of Patagonia’s extant 
and tossil animals and plants — many ot 
them new species — allowed an unprec- 

-edented comparison of faunal composit- 
ion and evolution in the Americas. Cur- 
ously, Hatcher does not mention his 
notion of a single southern landmass. an 
idea he hoped to explore during a fourth 
expedition in 1903 while employed at the 
Carnegie Museum, Pittsburgh. 

This Patagonian narrative should stoke 
the spirits of all palaeontologists. geolog- 
ists and field biologists. and will coax the 
“fireside naturalist” away from the fire. Its 
appearance now as Bone Hunters in Pata- 
gonta is especially timely. as ıt can be read 
alongside G G. Simpson's recent (and 
excellent) history of palaeontological ex- 
plorations in South America (Discoverers 
of the Lost World: Yale University Press. 
1984) There are two epilogues to the 
narrative: both are sad and ironic. Five 
years after surviving the rigours of the 
expeditions. Hatcher died of tvphoid fever 
contracted from Pittsburgh's untreated 
drinking water. And tn 1985, Princeton 
University gave awav its palaeontological 
collections. including Hatcher's hard-won 
lode of Patagonian fossils. E 


Leonard Kushtalka is Associate Curator in the 
Secnon of Vertebrate Fossils. Carnegie Museum 
of Natural History, 4400 Forbes Avenue, Puts- 
burgh, Pennsylvania 15213. USA 
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Three dimensions to 
theory in chemistry 


Jennifer Green 


Orbital Interactions in Chemistry. By 
T.A. Albright, J.K. Burdett and M.H. 
Whangbo. Wiley: 1985. Pp.447. $49.95, 
£51.10. 


CHEMISTS are very receptive to pictorial 
representations of their science, and are 
well-used to thinking in three dimensions. 
Albright, Burdett and Whangbo take full 
advantage of this ability in their book, 
which contains a myriad of graphic repre- 
sentations of orbital interactions in mole- 
cules, Their aim is to describe and ex- 
amine the electronic structure of covalent 
molecules and solids with a view to under- 
standing their existence, structure and, in 
some cases, their reaction pathways. The 
strength of the semi-empirical approach 
on which such orbital descriptions are 
based, and the “cartoons” in which the 
results are communicated, is their accessi- 
bility to the non-mathematical chemist, 
who is thereby provided with a set of 
theoretical tools for prediction, as well as 
rationalization, of structure and reactiv- 
ity. , 
In a carefully planned first section the 
quantum mechanical and group theoretic- 
al basis of this semi-empirical approach is 
clearly expounded. Within a framework 
of LCAO-MO theory, symmetry, over- 
lap, electronegativity and perturbation 
arguments are used to establish the orbital 
structure of simple cases. Here many 
motifs are outlined which recur, with ela- 
borations, throughout the book. The im- 
plications of various occupancies of these 
prototype orbital structures are discussed; 
exchange energy, first and second Jahn- 
Teller effects, the Fock operator and con- 
figuration interaction are brought into 
play. l 

The second section consists of an ex- 
ploration of ‘main group covalent mole- 
cules using the technique of building up 
the orbital. structure of larger molecules 
from that of smaller fragments, while 
maintaining a delocalized picture of the 
orbitals. Where relevant, the relation to a 
localized bond picture is made clear. The 
third section is a similar treatment of 
transition metal complexes. The extensive 
range of molecules discussed, from the 
simplest organics to metal clusters, bears 
witness to the power of the technique. 


New editions 


è The Meaning of Fossils: Episodes in the 
History of Palaeontology, 2nd Edn, by Martin 
JS  Rudwick. Publisher ıs University of 
Chicago Press, price is pbk $11.95, £11.25. 
Flame and Combustion, 2nd Edn, by J.A. 
Barnard and J N. Bradley. Publisher is Chap- 
man and-Hall, price 1s pbk £12.95, $27; hbk 
£25, $55. i 


BOOK REVIEWS 


However, as the density of examples in- 
creases the clarity of the explanations de- 
clines. The emphasis on coverage, rather 
than exemplification, makes the text less 
accessible than ıt might have been to the 
undergraduate, but more useful to 
research chemists who will appreciate 
having this large body of work brought 
tògether within a single volume. 
Throughout, the unity of approach is 
impressive for a book written by three 
authors, and can be attributed in part to 
the influence, acknowledged in the pre- 
face, of Roald Hoffmann (who also contri- 
buted the foreword). The style of writing 
is less even but at all points the illustra- 
tions help in understanding the text and 
vice versa. Particularly welcome is a chap- 
ter on solids, which attempts the Hercu- 
lean task of translating the language of 


A wealth of viruses 
D.J. McCance 


Virology. Edited by Bernard N. Fields, 
Raven:1985. Pp.1,614. $176.50. 


AT 4.75 kilograms there 1s no disputing 
the publisher’s intention that this tome 
should be a reference book; no one would 
consider carrying it around for light read- 
ing. With the title Virology one would 
expect a broadly based text and indeed 
this is the case, except that only mammalian 
viruses of medical importance are discus- 
sed (plant viruses are relied on heavily in 
the sections on viral structure however). 

This is the first attempt to cover 
mammalian virology comprehensively 
since 1974 when Fenner et al.’s The Biology 
of Animal Viruses appeared, and the in- 
crease in size over that book reflects the 
advances of the past ten years in our 
knowledge of virus structure, genetics, re- 
plication and pathogenesis. The dangers 
of a volume such as this, of course, are that 
with so many contributors (here 64) it 
takes time to come to press and because of 
constraints on space the authors may be 
tempted into superficiality. Both pitfalls 
have been avoided: the various chapters 
are rich in detail and, judging by the dates 
of papers in the reference lists, the editor 
managed to cajole his authors into meet- 
ing their deadlines. 

There are really two parts to the book, 
the first third of it dealing with the general 
principles of medical virology and the rest 
with individual viruses or virus groups. In 
this second part, the molecular biology 
and pathogenesis of particular viruses are 
discussed in successive chapters, thus 
providing easy access to information of 
interest to people of different back- 
grounds. With this format the book will be 
useful to a wide range of individuals, 
including undergraduates from related 
disciplines, molecular virologists and clin- 
icians. The clinician should take comfort 
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solid state physics for the benefit of the 
chemist with only a moderate acquaint- 
ance with molecular orbital theory. For 
this to be entirely successful a complete 
book would be needed, but this short 
account is very helpful. 

The book gives a rather bland impres- 
sion of the periodic table; perhaps the 
blend of overlap and symmetry arguments 
could have been seasoned by more emph- 
asis on the periodic trends of orbital ener- 
gies and separations, which contribute to 
the uniqueness of each element’s chemis- 
try. However, as a compilation and clear 
exposition of the work of an influential 
school of theoretical chemistry it will be 
extremely useful. CJ 


Jennifer Green n a Fellow of St Hugh's College. 
Oxford OX26LE, UK 


in the fact that in general the molecular 
virology aspects are well illustrated with 
informative and digestible figures to help 
in comprehending the complexities of 
virus structure and replication. 

The wide-ranging nature of the book 
gives the reader an interesting perspective 
on the state of virology during the past 
decade, which has seen the discovery, for 
example, of the human retroviruses, 
HTLV I-II, the rotaviruses causing gas- 
troenteritis and the hepatitis viruses. It 1s 
also possible to discern the renewed 
emphasis placed on previously identified 
virus groups, often because of the inroads 
made through molecular biological tech- 
niques. A decade ago the pathogenesis of 
the genus papillomavirus would have only 
been mentioned. Now, given their asso- 
ciation with some genital malignancies, 
they command half the chapter on the 
Papovaviridae, while hepatitis A and B, 
non-A, non-B and the Delta agent take 
three chapters. Unfortunately genetic 
engineering has not been as productive in 
other areas, such as viral chemotherapy, 
where progress has been much slower. 

Overall the book succeeds in covering 
medical virology in depth, and with its 
helpful illustrations and extensive bibliog- 
raphies will find wide use as a reference 
text. It is clear that although great prog- 
ress has been made on the molecular side 
of the subject, our knowledge of the pro- 
cess of pathogenesis lags well behind. One 
can hope that the book’s structure will 
encourage those from either molecular or 
clinical backgrounds to browse through 
both types of chapter, and result in more | 
people becoming interested ın pathogene- 
sis at the molecular level. Such individuals 
are needed to utilize molecular techniques 
in investigating the pathogenesis of virus 
diseases and to produce effective treat- 
ment and preventive measures. O 


D J. McCance is Senior Lecturer tn the Depart- 
ment of Microbiology, United Medical and 
Dental Schools of Guy’s and St Thomas's Hos- 
pitals, Guy’s Campus, London Bridge, London 
SE1 ORT, UK. 
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Science and medicine 
put right 


D.J. Weatherall 


Communicating in Science: Writing and 
Speaking. By Vernon Booth. Cambridge 
University Press: 1985. Pp.68. Pbk £3.95, 
$6.95, 

Research: How to Plan, Speak and Write 
About It. Edited by Clifford Hawkins and 
Marco Sorgi. Springer-Verlag: 1985. 
Pp.184, Pbk DM32, £8.75. 


BrRowsinG through these books evoked 
painful memories. In the middle of the 
sleepless mght before my first scientific 
presentation I discovered several mistakes 
in my slides. Panic stricken, I roused the 
night porter of the hotel in which I was 
staying and, after persuading him with dif- 
ficulty that I was not putting the finishing 
touches to a bomb in my bedroom, 
borrowed a roll of electricians’ tape with 
which to disguise the worst of the errors. 
When projected in a large lecture theatre 
the next morning the doctored slides 
appeared to be peppered with enormous 
black holes, an adornment which, though 
it caused a burst of whispered speculation, 
did little to clarify my garbled message, 
particularly because by then I was too far 
gone to see my notes. As I was helped 
from the podium I vowed that, if ever I ran 
a department, no youngster would be let 
loose on the public without rehearsal. 

It is not surprising that scientists find it 
equally difficult to write. Many of us 
progress to our first research fellowships 
without having to write a decent piece of 
prose; as pointed out by George 
Pickering, the invention of the multiple- 
choice examination was the death blow to 
competent writing. Yet as the pressure to 
publish becomes greater, there is less time 
to correct or polish our efforts. Editing a 
multi-author textbook is a salutary ex- 
perience. The only charitable explanation 
for some of the offerings that arrive from 
distinguished colleagues 1s that they were 
generated somewhere in the brainstem 
and transferred to the editor via a dictat- 
ing machine and a word processor, with- 
out further human contact. 

These two books aim to improve the 
situation. Not surprisingly, they are both 
much more successful when dealing with 
writing than with speaking. Vernon 


- Booth’s book, an extension of his excel- 


lent essay Writing a Scientific Paper, is a 
mine of helpful information on style and 
clarity, and could be read with profit by 
scientists of all ages. Of the new material, 
the short section on preparing a thesis will 
be invaluable to research students, but the 
chapter addressed to North Americans is 
slightly irritating. Though apologetic, Dr 
Booth makes ıt clear that he does not 
approve of a lot of American scientific 
writing. But are Americans really more 


BOOK REVIEWS 


guilty than anyone else about the use of 
“stacked modifiers” and unnecessarily 
long words, and the misuse of the future 
tense? And why should Americans be ex- 
pected to adopt British usage? A rich lan- 
guage is constantly changing; the more 
ghastly neologisms, from which ever side 
of the Atlantic they emanate, are unlikely 
to survive. 

Hawkins and Sorgi’s book is a multi- 
author effort directed primarily at young 
clinicians. As well as guiding them on how 
to write and speak, it tells them why they 
should do research and, perhaps rather 
ambitiously, how to do ıt. David Heath, in 
the introductory chapter, suggests that 
most doctors should spend two to three 
years of training in full-time research, 
“preferably in a laboratory”. This, he 
says, will shape their critical faculties and 
turn them into better doctors, an attitude 
which is deeply entrenched in academic 


medicine. But is it entirely correct? While 
most doctors worth their salt will find re- 
warding clinical problems to explore, ıt 1s 
only a minority that have the ability and, 
even more important, the motivation to 
spend several years in a laboratory They 
should not feel that it is essential to drop 
their clinical work simply to further their 
careers, a formula for frustration and poor 
science. 

Hawkins and Sorgi cover a much wider 
field than Booth. There are informative 
chapters on statistics, reference tiling and 
illustration, and appendices on thesis- 
writing, useless words, the anatomy of the 
dictating machine, and, again, American 
usage. All aspiring medical research 
workers should have access to this beauti- 
fully written and very practical book. 

Although both of the books are excel- 
lent guides to scientific writing, they left 
me wondering how far tt is possible to 
define — let alone teach — the skills of 
talking about science. Certainly there 1s 
no substitute for exhaustive rehearsal in 
front of a ruthless group of colleagues. and 
bitter experience. Only when they have 
seen their slides ground to dust by an 
aggressive Chinese slide projector, or tos- 
sed into the air like toast from a toaster by 
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a mediaeval magic lantern which is still in 
use in one of Britain’s Royal Colleges. or 
have had to suffer the sensory deprivation 
caused by lecturing. slideless and in 
complete darkness. during a power cut in 
Athens, will any real feeling of confidence 
in communication be engendered in 
young scientists And too much confi- 
dence can be worse than abject terror 
Distinguished speakers. their over- 
exposed grey diazo slides matching their 
hair, and too blasé to put their thoughts 
into order. are much less interesting than 
panic-stricken beginners. Audiences 
thrive on tension, and eccentricity. Lec- 
tures by the eminent Cambridge phy- 
siologist who chewed his tie while he 
talked, often to the extent of gagging and 
having to start again, or the London physi- 
cian who let his glass eye drop out if he 
sensed that his audience was flagging. 
were riveting experiences It would be a 





pity if. in our well-intentioned efforts to 
encourage competence in teaching and 
scientific presentation, we bred too much 
uniformity of style Scientific research ıs 
tremendous fun; hearing about it should 
be equally diverting O 


DJ Weatherall is Nuffield Professor of Clinical 
Medicine at the University of Oxford, John 
Radcliffe Hospital, Headington, Oxford OX3 
9DU, UK. 


Fresh references 


è Genetic Engineering and Biotechnology 
Yearbook 1985, edited by Alan G. Walton and 
Sharon K. Hammer The Yearbook is an updat- 
ing and expansion of the previous edition of 
1983, and incorporates more information on 
the financial performance of biotechnology 
companies as well as details of their structure, 
personnel, research and products. Publisher is 
Elsevier, price is Dfl, 2,000, $600. 

@ The first three volumes of the eighth and 
English edition of Geigy Scientific Tables, re-. 
cently available in Britain from Farrand Press, 
50 Ferry Street, Isle of Dogs, London E14 9DT 

Like its predecessors, the eighth edition con- 
tains a wide range of data for climcians and 
medical scientists in particular; unlike them, it 
ıs to appear in a number of volumes, and is not 
to be given away. The price (subsidized by 
Ciba-Geigy) 1s £12 50 per volume. 
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Production and destination of 
British civil plutonium 


K.W.J. Barnham, D Hart, J. Nelson and R.A. Stevens 


The amount of plutonium produced by the Magnox reactors belonging to the CEGB and SSEB is 
estimated using three different methods which give similar results for total plutonium production. The 
difference between this total and the UK civil plutonium inventory is 6.3 + 0.8 tonne. This balance was 
apparently sent to the United States in exchange for fissile material for UK military requirements. The US 
destinations published by the UK government appear to accommodate significantly less plutonium. 


WE believe that if the international non- 
proliferation regime is to be strengthened, 
all links between civil and military nuclear 
programmes should be broken. If such 
links existed in the past the details should 
be clarified, effective safeguards intro- 
duced to prevent re-occurrence and in- 
formation made available to allow com- 
phance with the safeguards to be moni- 
tored Within the framework of the Non- 
Proliferation Treaty (NPT) these injunc- 
tions clearly apply to the three nuclear 
powers which are signatories of the treaty, 
Britain, the Soviet Union and the United 
States. 

Accordingly, we have set out to deter- 
mune, for the case of the United Kingdom, 
how much plutonium has been produced 
in its civil reactors. Because much of the 
information required for such an inves- 
tigation is not available, we have used 
three methods to estimate the total pluto- 
nium production. We believe our calcula- 
tions are an interesting demonstration of 
the precision with which the production of 
fissile material such as plutonium-239 may 
be inferred from published data about 
reactor operations. 

The British situation is complicated by 
the arrangement sanctioned by the mutual 
defence agreements with the United 
States under the terms of which’ pluto- 
nium from the British civil programme has 
been transferred to the United States in 
exchange for highly enriched uranium and 
tritium required for the British military 
programme. British government spokes- 
men have stated’ that no plutonium from 
the British civil reactors operated by the 
Central Electricity Generating Board 
(CEGB) and the South of Scotland Elec- 
tricity Board (SSEB) has been used for 
military purposes in Britain and that none 
of the plutonium transferred to the United 
States has been so used. Our calculations, 
however, lead us to conclude that the civil 
uses for British plutonium in the United 
States do not fully account for the missing 
material. We have also encountered wHat 
we believe are serious shortcomings in the 
procedures for plutonium accountancy in 
Britain. 


An earlier version of this paper was first 
submitted for publication in June 1984 and 
presented at the Sizewell Inquiry in Octo- 
ber 1984°. The CEGB responded’ with a 
number of criticisms, which they did not 
quantify on advice from the Department 
of Energy. We have investigated all these 
criticisms and incorporated some changes. 
These make only small differences to our 
numerical results. 


Yield and burn-up 


The British Magnox reactors with which 
we are concerned are graphite-moderated 
reactors using natural uranium fuel. A 
series of these reactors were built in Bri- 
tain primarily for production of military 
plutonium. The first of these, at Calder 
Hall in Cumbria, was commissioned in 
1956; others followed at Chapelcross in 
Scotland. We are not here concerned with 
the production of plutonium at these reac- 
tors, but at the civil reactors designed on 
similar principles but operated by the elec- 
tricity utilities. 

Our first objective is to calculate the 
total quantity of all plutonium isotopes 
produced per tonne of original fuel as a 
function of the total thermal energy gener- 
ated by a tonne of fuel, called the burn-up, 
B, in units of MW-days per tonne (MWd/ 
te). We represent plutonium isotope pro- 
duction by the function G(B), in units of 
kilograms per tonne (kg/te). This can be 
obtained by the numerical solution of the 
equations’ giving as a function of irradia- 
tion time the concentrations of the prin- 
cipal isotopes of uranium (235 and 238) 
and of plutonium (239 to 242 inclusive). 
The burn-up, the energy released by fis- 
sion of uranium 235 and 238 and of pluto- 
nium 239 and 241, is a by-product of these 
equations. We correct the energy release 
for radiative capture effects as in ref.6. 
The cross-sections we use’ depend on the 
mean neutron temperature which we take 
to be the mean moderator temperature 
T and on the proportion of epithermal 
neutrons in the total neutron spectrum 
governed by the parameter r. Resonance 
absorption and fast fission are allowed for 
by the adjustment of the uranium-238 


cross-section using parameters for each 
reactor given by IAEA*. A detailed de- 
scription of our calculations will be pub- 
lished elsewhere. 

There are no direct tests we can make of 
our G(B) on data for the CEGB and SSEB 
reactors. The only clear information pub- 
lished on plutonium production ın Mag- 
nox reactors: concerns the military reac- 
tors at Calder Hall. Figures by Tyror’ and 
Griggs and Harper” illustrate plutonium 
production and isotopic composition as a 
function of burn-up for a typical point in 
the Calder Hall reactor core. At a mod- 
erator temperature appropriate to Calder 
Hall and with r = 0.055, we find our G(B) 
reproduces these curves very closely. Our 
best fit to the Tyror curves for isotopic 
composition is obtained with a fast fission 
factor of 1.02, corrected for fast radiative 
captures, as used by Griggs and Harper”, 
rather than using 1.03, as quoted by the 
IAEA’. R 

The major difference in G(B) between 
Calder Hall and the civil Magnox reactors 
arises from different moderator 
temperatures**. For each civil reactor we. 
use the G(B) described above evaluated at 
the temperature appropriate to that 
reactor". The effect of changing other 
parameters is considered later. 


Table 1 Comparison of isotopic ratios m spent fuel 
dispatched 1978-84 with predictions for discharges 
1977-83 


Plutonium-239 
Sum all plutonium isotopes 


G(B) CEGB 
predictions dispatch data 
1977-83 1978-84 

Bradwell 0.730 0 744 
Berkeley 0 740 0721 
Hinkley Point A 0 740 0 725 
Trawsfynydd 0719 0 717 
Dungeness A 0 703 0719 
Sizewell 0718 0 716 
Oldbury 0 704 0 708 
Wylfa 0 705 0.710 
Mean 0.720 0.720 
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Table 2 Uranium fuel (tonnes) discharged from CEGB and SSEB power stations 1963-72 


Bradwell Berkeley 
Fiscal 
year 


63-64 
64—65 
65-66 
66-67 
67-68 
68-69 
69-70 
70-71 
71-72 


Hinkley Pt 


Trawsfynydd 


* Calendar year basis, given by first year in first column. 


t Based on rate for April-August 1968. 
+ Assuming proposed curve followed. 
§ Ref. 18 

i Ref. 15 








This G(B) refers to a point within the 
reactor core. The spatial variation of neut- 
ron flux in the core gives rise to a spread in 
the irradiation of the fuel elements in any 
particular channel. We have investigated 
typical axial variations of burn-up for a 
Magnox reactor” and used such a varia- 
tion to obtain a channel-averaged G(B). 
As G(B) is approximately linear over the 
appropriate range of burn-ups, averaging 
reduces G(B) by only 1-2 per cent. Possi- 
ble radial variations in burn-up have also 
been investigated. Though the neutron 
flux falls at large radius, we find that for 
sensible refuelling procedures in the 
steady state, radial averaging compen- 
sates in part for the effect of axial averag- 
ing. A comprehensive reactor-average of 
G(B) is not feasible in the absence of de- 
tailed information on refuelling schemes. 
Henceforth we use a G(B) that is channel- 
averaged only, noting that this will under- 
estimate the real situation. 

We have been unable to find detailed 
information against which to test our 
G(B) for civil Magnox reactors apart from 
Fig. 5 of the sixth report of the Royal 
Commission on Environmental Protec- 
tion (the “Flowers Report”)”, which gives 
the rate of plutonium production for a 
“power” reactor. Our original interpreta- 
tion of this unreferenced figure as typical 
of civil Magnox reactors has been criti- 
cized by the CEGB’*, but our G(B) does 
reproduce this curve well at a temperature 
within the range appropriate to civil Mag- 
nox reactors. 

As an additional test, we have com- 
pared the isotopic ratios resulting from 
our calculations with the data provided by 
the CEGB on the isotopic composition of 
fuel dispatched from their Magnox sta- 
tions for the six fiscal years 1978-84". We 
believe that the isotopic composition of 
the fuel dispatched should approximate to 
that of the fuel discharged one year ear- 
lier. Table 1 shows the good agreement 
between our predicted isotopic ratios, 
calculated at the average of the discharge 
burn-ups for the appropriate years (as in 
Method A below) and the CEGB dispatch 


data, giving confidence in our extrapola- 
tion of the Calder Hall fit. 


Fuel discharges 


Fuel discharges from 1971-72 onwards 
have been provided by the British govern- 
ment. in response to parliamentary 
questions”, but the government has re- 
fused to give information on fuel dis- 
charges for the 1960s”. The figures in 
Table 2 in the column headed “SUB” are 
derived by subtraction of the numbers of 
fuel elements discharged by certain dates 
given in various sources”. For five sta- 
tions, refuelling curves to mid-1968 are 
given in an Institute of Mechanical En- 
gineers symposium (IME) ” on the refuell- 
ing of gas-cooled reactors. Bearing in 
mind that the SUB data for 1965-68 are 
averaged over three years, the two sources 
are in reasonable agreement. 

The refuelling policy adopted at Mag- 
nox stations in their early years was to 
follow an “ideal refuelling line”” with the 
total spent fuel discharged, 2D,, increas- 
ing linearly with “core-average” irradia- 
tion 
B = (ZE\V/M MWd/te (1) 
up to a predetermined maximum burn-up 
Brox Here XE, is the total thermal energy 
generated (in MWd) and M is the total 
mass of uranium in the core. If this “ideal 
refuelling line” is followed, then all of the 
initial charge will have been discharged by 
the time the “core-average” burn-up 
reaches Ba In addition, if each D, dis- 


` charged is replaced by an equal amount of 


fresh fuel, then when Bn is reached the 
core will contain fuel with all burn-ups 
equally represented. This is the ideal 
steady-state situation. 

The refuelling curves available* show 
that the Magnox stations fell behind the 
ideal refuelling line in the early years, but 
that in the late 1960s, strenuous efforts 
were made to increase refuelling rates un- 
til the ideal, or a line parallel to it, was 
achieved. As operating experience was ac- 
quired, B,,, was increased, so that the 


max 


steady-state description only approx- 
imately represents the situation in the 
1970s. The effects of such factors will be 
considered later. 

Two of our models require E, the ther- 
mal energy generated. For CEGB stations 
we have obtained these by fiscal year from 
the CEGB” and parliamentary answers” 
and for Hunterston A by calendar year up 
to 1982 from the SSEB" and fiscal year — 


subsequently”. 


The models 


Given the fuel discharges of Table 2 and 
G(B), only the burn-up at which the fuel 
was discharged is needed to calculate the 
plutonium production. The CEGB, 
however, have refused to provide average 
discharge burn-ups”. In method A, we 
have taken discharge burn-ups from a 
number of sources”. For other years we 
linearly interpolate between these pub- 
lished figures or between the earliest pub- 
lished figure and zero burn-up on starting 
up. We then calculate plutonium dis- 
charge using these discharge burn-ups, the 
fuel discharges of Table 2 and our 
channel-averaged G(B). The totals to 31 
March 1985 for each reactor are presented 
in Table 3. 

Method B also uses the fuel discharge 
figures of Table 2, but attempts a more 
detailed calculation of burn-ups using fi- 
gures on the thermal energy generated per 
year. We increment the core-average 
burn-up by E/M each year and determine 
the burn-up each batch would receive by 
mid-year. Discharged fuel is replaced by 
equal amounts of fresh fuel, the burn-up 
of which. we increase by the core average 
in subsequent years. When all the initial 
charge is discharged, we then discharge 
the fuel loaded in the first year assuming a 
policy of “first in, first out”. Using a com- 
puter program for the book keeping, we 
find that the burn-ups of the spent fuel 
discharged in the steady state are similar 
to but in general slightly lower than the 
discharge irridiations assumed in Method 
A. This result is expected as we calculate 
an average burn-up and in practice chan- 
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nels with higher than average burn-up will 
be preferentially discharged. As a result 
Method B probably underestimates pluto- 
nium discharged and overestimates pluto- 
nium in core. In fact the total plutonium in 
core at 31 March 1985 according to 
Method B is 9.6 te to be compared with 
the value of 9 5 te quoted to the nearest 
half-tonne in a parliamentary answer’. 
suggesting that this can only be a small 
effect. We determine plutonium discharge 
at each burn-up from G(B) and the size of 
the batches. The results obtained from 
Method B are presented in Table 3. 

A further test of Method B is provided 
by the plutonium content of the fuel dis- 
patched from CEGB stations in the years 
1978-84". Seven CEGB stations keep dis- 
charged fuel in cooling ponds where the 
fuel cannot remain indefinitely because 
the cladding would corrode. The average 
tıme between discharge and dispatch for 
the fuel in ref. 14 was 1 2 years. However 
this average probably includes Wylfa 
which has a dry store. We believe that, for 
the stations with cooling ponds, the total 
plutonium dispatched over a six year 
period should be similar to the total of the 
plutonium produced in a similar period 
starting one year earlier. We compare 
CEGB dispatch data with appropriate 
Method B production figures in Table 4. 
Note that the reactor-to-reactor variation 
given by Method B is similar to that in the 
CEGB data and overall our predictions 
are a 3.6% underestimate. The CEGB 
have refused to publish’ totals of pluto- 
nium in the ponds at the start and the end 
of the six-year period which could discre- 
dit or confirm our calculations. 

Method C uses the total thermal energy 
generated and does not use any figures for 
spent fuel discharged. The principle of the 
method is to assume that the “ideal re- 
fuelling line” was followed. If a linear rise 
to a certain maximum value of burn-up 
(B) is assumed then the energy ex- 
tracted from fuel in core on rise to steady 
State, 


= MB__J2 


and E.1s equal to E,, the energy extracted 
from the fuel discharged in this period. 

If in the steady state the amount of fuel 
D, is discharged at the burn-up, B ma over a 
period of time in which thermal energy £E, 
is generated, then it is straightforward to 
show that to keep the steady state situa- 
tion constant 


D, = EJB max (2) 


Therefore total thermal energy generated 
E, = E, + E, + E, = MB,,, + D.B,,,(3) 
Plutonium production can similarly be di- 


vided into three parts. Plutonium in core 
at start (and end) of steady state 


CO N ee 





Table3 Plutonium discharge (te) by year (Method B} and totals (Methods A, B.C) 
















< 
— o t va zZ x 
Pa e] ml 
T 5 m a ee = th 2 < PAZ 
= | ü | gel gal % Wl S| un | 892 
A | x | 64/25/o<| 2] ajz |sa< 
< | Z| Z0lSZz|ž gaj | wae 
eo | Ww | SAJA S N| od | = | ben 
a) m T few 5 A © AO) 
ae 
om 


























63-64 
64—65 
65-66 
66-67 
67-68 
68-69 
69-70 
70-71 
71-72 
72-73 
73-74 
74-75 
75-76 
76-77 
77-78 
78-79 
79-80 
80-81 
81-82 
82-83 
83-84 
84-85 









Total 
discharge 
all reactors 
31~3-85 













Total 
discharge 
method B 


37 72 








Total 
discharge 
method A 


439 | 3.95 413} 503 | 396° 38 69 






Total 
discharge 
method C 


309 | 3.69 380; 450) 370) 482 | 367 37 49 


* Includes | 25 x (discharge °82) to bring Hunterston to 31-3-83 
t Fiscal years for Hunterston 


B mas Boas Hence, if the ideal refuelling line was 

_ fe _M z followed, the total plutonium production 
foe 4 “BL G(B)dB = P. | When total thermal energy E, has been 
0 0 generated 1s determined in terms of one 


parameter, the steady-state burn-up Bra 
In Table 3 we present the total pluto- 
mum discharged for each station by 31 
March 1985 using a Ba which is the aver- 
age of the discharge burnups in Method A 
for each station for the 10 years prior to 31 
March 1985. When B.,,, is calculated for 
shorter periods or from equation (2) the 
totals for individual reactors vary in the 
range + (0-3) per cent. This suggests that 
the method chosen to determine B wa is not 


where P, is the plutonium discharged in 
the rise to the steady state. Plutonium dis- 
charged in steady state P, = D,G(B,,,,). 

Therefore total plutonium production 
(including plutonium in core) after sub- 
stitution from (3) is given by 


Bras 
p, = EG (B) + MÍ al G(B)4B-G(B...)} (4) 
B 
0 





Table 4 Comparison of Method B predictions for plutonium production 1977-83 with CEGB figures for 
dispatched fuel 1978-84 





Plutonium produced Plutonium dispatched 


during 1977-83 during 1978-84 
Method B CEGB 
(te) (te) 

Bradwell 0.605 0.594 
Berkeley 0.613 0 637 
Hinkley Point A 1 846 E 908 
Trawsfynydd 1.625 1 565 
Dungeness A 0.672 0 834 
Sizewell 1.510 1.600 
Oldbury 1.563 1 607 
Total 8.434 8.745 
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critical. 

An interesting result of Method C is 
that from equation (4) P, consists of two 
parts: a first (larger) term which is prop- 
ortional to Æ and a second (smaller) term 
which is always positive. The method used 
by Hesketh” and by Simpson’ to estimate 
P assumes a quoted value for plutonium 
production per unit of electrical energy 
generated which for constant thermal effi- 
ciency means they were assuming pluto- 
nium production proportional to E}. Since 
the second term in (4) is always positive, 
such estimates must be underestimates of 
P, as Hesketh claimed. Our calculations 
suggest that the second term is approx- 
imately 2.4 te, summed over all the Mag- 
nox reactors. 

The possible end uses of plutonium de- 
pend critically on its isotopic composition. 
We have calculated using Method B the 
plutonium discharged in two plutonium 
240 purity bands 0-7 per cent and 0-15 per 
cent and the results are shown in Table 5. 
The 15 per cent figure is important be- 
cause we know there is currently no pluto- 
nium of Pu 240 content less than 15 per 
cent in the civil stockpile”. The plutonium 
of Pu 240 content less than 7 per cent 
would be particularly useful for military 
purposes, though plutonium of consider- 
ably worse purity could be blended with 
very high-purity plutonium to form 
acceptable weapons-grade plutonium. To 
put the numbers in Table 5 in perspective, 
Lovins states that the critical mass for 
weapons-grade plutonium with a reflector 
is less than 5kg”. 


Plutonium balance 


Plutonium must be ‘lost’ because repro- 
cessing is not 100 per cent efficient. It may 
either be contained in solid or liquid 
waste, or discharged into the Irish Sea. By 
1974 solid waste accumulated at Sellafield 
contained a little under half a tonne of 
plutonium”. It was anticipated that the 
corresponding figure for plutonium losses 
would not be so great over subsequent 
years. The Department of Energy have 
refused to answer parliamentary ques- 
tions requesting an update of this figure” 
though they have admitted” that only ab- 
out half of the quantity arises from CEGB 
and SSEB spent fuel. 


From radiological data’ 


on discharges 


———— COMMENTARY 





Table 5 Production of high purity plutonium (te) for all 
CEGB and SSEB stations 


Plutonium 240 
Sum all plutonium isotopes 


0% -15% 0% ~ 7% 
Up to 31-3-69 23+0.4 0.2 +01 
From 31-3-69 
to 31-3-71 08402 0 07 + 0.02 
After 31-3-71 1.1+0,2 6.09 + 0 05 





of plutonium isotopes into the sea we 
calculate that approximately 280 kg of plu- 
tonium has been lost in this way up to end 
1983. According to a recent parliamentary 
answer approximately 70 per cent of this 
arises from CEGB and SSEB spent fuel”. 
In total we assume 0.5 + 0.2 te of pluto- 
nium from the civil stockpile has been lost 
during reprocessing. 

In Table 6 we show the total of pluto- 
nium in core and discharged according to 
Methods A, B and C at the four dates for 
which official information on plutonium 
stocks is available’*”*", We note that the 
three methods give differences of 2 per 
cent or less for the plutonium total at each 
date. This agreement suggests that uncer- 


tainties in exact refuelling policy including. 


discharge figures for the 1960s are not very 
important when considering the total of 
plutonium produced. This is supported by 
the small changes in the total of ~0.5 per 
cent when SUB figures rather than BEST 
(Table 2) are used in Method B, and +1.7 
per cent when a uniform discharge 
throughout the year is assumed rather 
than mid-year discharge. 

The three methods also calculate dis- 
charge burn-up differently. Hence the 
similarity of results suggests that systema- 
tic errors due to the lack of detailed know- 
ledge of the burn-up variation within the 
reactor are probably smaller than the dif- 
ferences between the totals of the three 
methods. 

All three methods assume the same 
G(B) which for the civil reactors cannot be 
directly checked against published data. 
As a test of the sensitivity of our results to 
our choice of G(B) we investigate the 
effect of using a worst-case G(B) specified 
by parameters at the extent of the range 
which is reasonable: a fast fission factor of 
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1.033; r = 0.07; higher T„ where there is 
ambiguity in the literature. This G(B) for 
a Calder Hall temperature lies well below 
the Tyror curve and the agreement with 
the isotopic ratios in Table 1 worsens, but 
the plutonium total according to Method 
B falls by only 1.5 per cent. Given that our 
channel-averaged G(B) underestimates 
the reactor averaged situation by approx- 
imately 1 per cent, we feel that the error 
on the missing plutonium given below 
accommodates such systematic effects. 
According to Method B the total pluto- 
nium increase between 31 December 1981 
and 31 March 1985 is 7.7 te. This agrees 
with the difference calculated from the 
parliamentary answers of 7.5 + 0.5 te. 
Since an interpolation is required to pro- 
duce plutonium totals at 31-12-81 ıt 1s 
probably safer to compare the difference 
between totals in 31-3-85 and 31-3-83 
which is 4 9 te predicted by Method B and 
5.0 + 0.5 te in the parliamentary answers. 


Missing plutonium 


We conclude from Table 6 that the 
amount of plutonium unaccounted for 1s 
6.8 + 0.8 te according to our preferred 
Method B. After subtraction of the 0 5 + 
0.2 te lost in reprocessing (which is not 
included in the subtotal of civil stocks”), 
the missing balance is 6.3 + 0.8 te 

It is interesting to note that our estimate 
for the balance agrees with the figure of 
6.667 te which was expected to be the 
maximum involved in the exchange’ be- 
tween the United Kingdom and the Un- 
ited States, based on costs in the US enabi- 
ing act. 

Previous studies of UK plutonium pro- 
duction have arrived at the following esti- 
mates for the balance of civil plutonium: 
Durie and Edwards”, 14.5 te, Hesketh”, 
3.4 te; Simpson’, 3.3 te. As discussed ear- 
lier we believe that approximately 2.4 te 
should be added to both the Hesketh and 
Simpson estimates. Their estimates would 
then be in agreement with ours. 

Simpson favoured 3-4 te for the amount 
consigned to the US on the basis of the 
amount of plutonium produced by 1969. 
On 1-4-69 plutonium in their spent fuel 
arriving at Windscale became the proper- 
ty of the CEGB rather than the UK Ato- 
mic Energy Authority. The CEGB has 
stated" * that fuel reprocessed prior to 1 





Table 6 Total plutonium (discharged and ın core) from Methods A, B, & C and companson with Parhamentary Answers 


DATE COL 2” Method A Method B Method C 
Sub-total Total Total Difference Total Difference 

of civil including Difference discharge From COL 2 discharge from COL 2 

stockpile core asin from COL 2 +core +core f 
{te) COL 2 (te) (te) {te} (te) (te) (te) 
31-12-81 33 0 40.00 7 00 39 60 6 60 39 09 6 09 
31~3-83 35.5 43 32 7.82 42 44 6 94 41 76 6 26 
31-3-84 38.0 45.40 7.40 44 87 6 87 44 03 6 03 
31-3-~85 405 48.19 7.69 47.32 6,82 46 33 5 83 
Mean difference 7.48 6.81 6.05 





* Figures as quoted in Paliamentary Answers 
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April 1969 provided the plutonium sent to 
the United States. Our Method B gives 3.5 
+ 0.4 te as the total produced by mid 
fiscal-year 1968-69, which is consistent 
with Simpson's estimate. If the plutonium 
unaccounted for is to be reduced to the 
amount produced by mid-year 1968-69 
our calculations would need to overesti- 
mate production by 9 per cent. However, 
comparison with the CEGB dispatch data 
suggests that our calculations are a 3.6 per 
cent underestimate. Furthermore our fi- 
gure cannot be a 9 per cent overestimate 
since the adjusted Method B total of plu- 
tonium in core on 31 March 1985 would 
then be 8.8 te which is incompatible with 
the figure of 9.5 te quoted in the par- 
lamentary answer to the nearest half- 
tonne. 


US plutonium use 


According to the government” the bulk of 
the civil plutonium sent to the US is in the 
inventory of one fast research reactor, the 
zero power plutonium reactor (ZPPR), 
“in the core” of another, the fast flux test 
facility (FFTF), and “a sizeable quantity 
was used to make californium for medical 
purposes. The remaining small quantity is 
in use for experimental purposes else- 
where in the civil programme, for example 
at Argonne and Batelle.” 

ZPPR has an inventory of 3.8 te, of 
which a “portion” of the 3.4 te of fuel- 
grade plutonium came from the United 
Kingdom”. FFTF only went into opera- 
tion in 1981, has a core loading of 550 kg 
plutonium-239* and only a “small portion” 
of FFTF fuel was supplied by the United 
Kingdom”, It has been estimated that at 
most a few hundred kilograms of its inven- 
tory of 2.9 te came from the United 
Kingdom”. The amount of plutonium 
used for californium production has sub- 
sequently been revealed as 200 kg’. If 200 
kg is a “sizeable quantity” then the “re- 
maining small quantity” in use at Argonne 
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and Batelle is insignificant. 

We therefore estimate that the total UK 
plutonium in the destinations listed by the 
government ts likely to be less than 4.0 te. 
The UK civil plutonium in these destina- 
tions could be considerably less if UK 
military plutonium was involved, as is 
possible’ ”. 

Hence on the basis of our best Method 
B estimate we believe that at least 2.3 + 
0.8 te of UK civil plutonium ıs in destina- 
tions other than those given by the govern- 
ment. 


Conclusions 


The agreement between our three 
methods suggests that, despite the abs- 
ence of public data on fuel discharges in 
the 1960s, it 1s possible to calculate the 
total plutonium produced by the civil 
Magnox reactors to a reasonable accura- 
cy. We conclude that 6.3 + 0.8 te of civil 
plutonium, approximately one-sixth of 
the total civil stockpile, are currently mis- 
sing. We believe there is at least 2 te of UK 
civil plutonium in destinations other than 
those admitted in parliamentary answers. 
Until this is clarified the suspicion will ex- 
ist that these destinations could be milit- 
ary. 

Our calculations agree with the rather 
limited data available on plutonium pro- 
duction in civil Magnox reactors: par- 
liamentary answers; isotopic ratios in 
CEGB dispatch data: and the “Flowers 
Report”. Indeed they underestimate plu- 
tonium production when a comparison is 
made with CEGB dispatch figures. 

In view of our findings we believe it is 
important that the UK government pro- 
vides a much fuller explanation of the fate 
of civil plutonium produced during the 
1960s, publishes more detailed informa- 
tion on civil plutonium production since 
1971 and accepts effective safeguards on 
all civil nuclear facilities. This should in- 
clude the currently unsafeguarded Mag- 
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nox reprocessing line at Sellafield which 
handles both civil and military plutonium 
and which has been the subject of con- 
tinuing conflict between the government 
and EURATOM (the appropriate safe- 
guards agency) since the United Kingdom 
joined the EEC”. 

We also find it most unsatisfactory that 
the government refuses to publish in- 
formation on plutonium production by in- 
dividual civil reactors even in recent 
years", that this information is not sup- 
plied to EURATOM”, and that the 
CEGB removes the necessary data from 
its computer records”. 

Only by clarifying the extent of past 
links between civil and military nuclear 
programmes in the United Kingdom and 
by implementing procedures to prevent 
any such future re-occurrence can the gov- 
ernment and the nuclear industry hope to 
strengthen the international non- 
proliferation regime. Such clarification 
would now be timely with the Non- 
Proliferation Treaty review conference 
under way in Geneva. 

We are grateful to the Joseph Rowntree 
Charitable Trust and the Union of Con- 
cerned Scientists for providing financial 
assistance, to Scientists Against Nuclear 
Arms and the European Proliferation In- 
formation Centre for their support, to the 
London New Technology Network for the 
use of computing facilities, to Rob Ed- 
wards, Dafydd Elis Thomas M.P. and Tim 
Williams for seeking out information and 
to Zoe Saunders for help with computing. 
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Norman Dombey, Professor P.J. Grant, 
Ross Hesketh and John Simpson. a 
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The galactic ridge observed by Exosat 
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We have used Exosat to map the distribution of X-ray emission in the galactic plane. In addition to numerous point sources, 
the map reveals a narrow continuous ridge of emission which extends along the galactic plane either side of the galactic 
centre out to ~40° longitude. The origin of this feature remains uncertain although a major contribution from luminous 


discrete X-ray sources can be excluded. 





REPORTS of the discovery of extended hard X-ray emission 
from the Galaxy date back to early observations with sounding 
rockets”. Although many of these first measurements were 
contaminated by bright discrete sources, evidence for an excess 
X-ray flux from the galactic plane between 50° and 65° longitude, 
which is not explained in terms of known discrete sources, has 
remained convincing’’*. More recently, the comprehensive study 
of the X-ray background by the A2 experiment on HEAO-1 
(ref. 5) has revealed the existence of two galactic components. 
One is a large scale height feature first observed in Ariel V° and 
Uhuru” data, and is evident at high galactic latitudes (|b| > 10°). 
This component seems to have a scale height >1 kpc, a thermal 
spectrum with kT ~9keV and an X-ray luminosity of ~3 x 
10°? erg s7’ (ref.9). The HEAO-1 A2 instrument also detected 
a narrow ridge of X-ray emission coincident with the galactic 
plane’® that Worrall and Marshall’ suggest arises from a low- 
luminosity (L, <4 X10% erg s~') source population comprising 
RS CVn, cataclysmic variables and possibly dM stars. But the 
HEAO-1 measurements excluded the entire region of the galactic 
plane within 50° of the galactic centre because of source con- 
fusion in the 3 x 1.5° beam (full width at half maximum, FWHM) 
of the A2 instrument. Here we report the detection of a much 
brighter galactic ridge component within +40° of the galactic 
centre. 


Exosat galactic plane survey 


The Exosat medium-energy (ME) proportional counter array 
has a sensitive area of ~ 1,600 cm? and a collimated field of view 
of 0.75 X0.75° (FWHM). In the normal mode of operation the 
spacecraft attitude and orbit control system provides a pointing 
accuracy of ~5 arcs but is also capable of performing controlled 
slews with attitude reconstruction to ~1 arc min from gyro data. 
In addition, the highly eccentric orbit allows uninterrupted 
observations for 72 h out of each 90 h orbit. Thus, the successful 
launch of Exosat provided a unique opportunity to map the 
distribution of galactic X-ray emission above 2 keV with good 
sensitivity and positional accuracy and a relatively narrow beam. 
The survey was conducted with half of the ME detectors in a 
45arc min offset pointing configuration (to improve sky 
coverage) and was performed in segments during the period 


10 


14-28 June 1984 so as to coincide with the passage of the anti-sun 
through the galactic centre region. Each survey segment con- 
sisted of a 90° slew at a rate of 42° h™ along a great circle from 
a starting point on the galactic plane at galactic longitude (J) 
either +96° or 276° up to the anti-sun position, followed by a 
short (0.75°) slew in an orthogonal direction and finally a return 
slew leg to the starting position. The full survey consisted of 15 
such segments and resulted in the mapping of a lens-shaped 
region 10° wide at the galactic centre decreasing to 2° wide at 
1=96° or 276°. An intensity map was produced from the raw 
data by accumulating counts in 20’ x20’ pixels over the whole 
area mapped and then dividing by the appropriate exposure 
time. An average background count rate was obtained from the 
data recorded in regions excluding obvious discrete sources and 
subtracted from the map. Figure 1 shows the central part of the 
map obtained in the 2-6 keV energy band. 


Galactic ridge 


Apart from many point sources, the most striking feature of this 
map is the band or ridge of X-ray emission of width ~2° 
(FWHM), which extends along the galactic plane on both sides 
of the galactic centre to |I|= 40°; the map also shows extended 
emission in the region of the galactic bulge. (A catalogue of the 
point sources detected in the survey will be published elsewhere.) 
Figure 2a shows the distribution in longitude of the X-ray 
emission from a narrow cut at b = 0°. The underlying distribution 
in the region |!|<40°, on which many bright discrete sources 
appear, corresponds to the unresolved emission which con- 
stitutes the galactic ridge. The ridge is least contaminated by 
obvious discrete sources in the longitude range I= 20-40° 
(Fig. 2b), but even in this region there are significant fluctuations 
with respect to a smooth intensity distribution. Some of the 
bright spots in this part of the ridge are almost certainly 
individual discrete sources that do not appear in existing 
medium-energy X-ray catalogues. For example, the intensity 
enhancement at the position of the supernova remnant W44 
(G34.6-0.5) implies a 2-6 keV flux for this object which is 
consistent with Einstein measurements’*. The bulk of the unre- 
solved emission which constitutes the galactic ridge feature 
apparent in Fig. 1 cannot, however, be caused by a few sources, 





Fig. 1 Contour map of the 2-6 keV X-ray emission from the galactic plane in the region |I|<60°. The lowest contour level corresponds to 
an X-ray intensity of ~7 x107" erg s~' cm~? per beamwidth. The contour levels ın these units are 1, 2, 3, 4, 6, 8, 16, 24, 32, 40, 80, 200 and 
400. The map has been smoothed by cross-correlation with a function which approximates the ME collimator response. 
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X-ray surface bnghtness 


Galactic longitude ©) 


Fig. 2 a, X-ray intensity as a function of galactic longitude in a 
narrow band of width 1.3° (4 pixels) at b = 0° for the region |I| < 60°. 
The predicted profiles for the finite disk (solid line) and exponential 
disk (broken line) models of Table 1 are indicated. b, Longitude 
profile for the region /= 10-60°. Solid curve, finite disk model of 
Table 1. Emission from bright catalogued sources is indicated by 
the arrows. c, Average latitude profile of the galactic ridge in the 
longitude range l = 20-30°. Dashed line, finite disk model of Table 
1. Units of intensity are 7x107"! erg s`! cm~? per beamwidth 
(2-6 keV). 
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given the close coincidence of the ridge with the galactic plane ' 


and its apparent extent over ~80° of longitude. Moreover, 
profiles in galactic latitude (Fig. 2c) indicate that the ridge is 
consistently wider than the effective instrument response. 

‘Spectral data can, in principle, place important constraints 
_ on any model for the origin of the ridge emission. Unfortunately, 
the present Exosat measurements have a rather poor statistical 
precision because of the very short effective exposure time. In 
terms of a thermal bremsstrahlung model a temperature of 
6*}4 keV is indicated (photon index T =2.2*71 in a power law 
model) with a low energy cut-off consistent with the models 
described below. 


Modelling X-ray emission 

We have modelled the observed X-ray emission in terms of a 
galactic component with volume emissivity 7(.R, z) which is a 
function only of the galactocentric radius R and height above 
the galactic plane z. We consider two models: (1) a finite disk 
of radius Rp within which 7 = np exp (—|z|/z,); (2) an exponen- 
tial disk where 7 = no exp (— R/R,) exp (— al/, z,). For the former 
case the rapid fall-off in the longitude distribution for |/|2 40° 


‘implies Rp ~ Ro sin 40°=6.5 kpc, where Rọ is the distance of 


the galactic centre (taken to be 10 kpc); the width of the ridge 


AES SSS 


(~2°) then requires z, ~100 pc. Photoelectric absorption in the 
2-6 keV band is not negligible for large distances through the 
galactic disk, and we have included in the modelling the effects 
of a gas distribution which approximates to the known distribu- 
tion of both neutral and molecular hydrogen (assuming cosmic 
element abundances). For the H I we assume an extended disk 
with an exponential scale height of 120 pc and a constant density 
on the galactic plane of 0.5 atom cm™ (refs 14, 15). For the H, 


we use the densities and radial distribution derived by Sanders -- 


et al. from CO measurements’, and assume a half-width for 
the molecular layer of 70 pc. Although the total mass of H, in 
the inner Galaxy remains controversial'*!’, the CO measure- 
ments presumably provide a rather more direct measure of the 
atomic densities relevant to X-ray absorption. The optical depth 
in the 2-6-keV band to the galactic centre with this absorption 
model is ~1. 

Table 1 gives the parameters for both models which have been 
used to derive the longitude and latitude profiles shown in Fig. 2. 
We have not attempted to model the obvious asymmetry in the 
observed longitude distribution or any other fine detail. Neither 
have we attempted to constrain the model parameters by 
minimizing y*. We simply use the models to illustrate the basic 
form of the observed ridge emission. Note that if absorption 
related to the H, component is excluded, the Values of 7p and 
no given in Table 1 decrease by a factor of ~1.9 and ~2.2, 
respectively, while the other parameters of the model are little 
affected. 

The predicted emission profiles for the finite disk model 
(Fig. 2) are in reasonable agreement with the observations. In 
several directions there is an apparent deficit of observed 
emission compared with the assumed model which may be 
indicative of large-scale spatial variations of the X-ray emissivity 
of the ridge or alternatively of substantial variations in the 
line-of-sight absorption. CO measurements suggest that vari- 
ations in the X-ray absorption in the galactic plane will give 
rise to a significant modulation of the observed X-ray intensity 


- and in fact there is evidence for an anti-correlation of CO 


emission line strength with X-ray intensity; for example, the dip 
at ~24° in Fig. 2b corresponds to a local maximum in the CO 
emission’. The exponential model, which was chosen to be 
more representative of the matter distribution in the galactic 
disk (for example, ref. 18), provides only a poor fit to the 
observed longitude distribution (Fig. 2a). With this model any 
reasonable choice of normalization to fit the observed X-ray 
emission from the inner Galaxy results in a predicted intensity 
for |I|> 40° which is well in excess of that observed. 

` Note that the galactic ridge emission detected by HEAO-1 
A2 at |I| > 50° has a volume emissivity an order of magnitude 
smaller than that derived here for the |I| <40° region and also 
a larger scale height (corresponding to a disk of half-width 
244+ 22 pc; ref. 10). The HEAO-1 A2 component is below the 
detection threshold of the Exosat observations. Furthermore, it 
is uncertain whether the two features are related. 


Discrete source origin 


We first consider the possibility that the galactic ridge observed 
by Exosat originates in a population of unresolved discrete 

sources of luminosity Ly erg s™! (2-6 keV), and number density ’ 
n where n = 7/L, pc”. The number of sources N contributing 


Table 1 Parameters used in modelling the galactic ridge emission 
Finite disk 
n= Np exp (—|z//z,) R< Rp 


Exponential disk 
2 = N exp (~R/R,) exp (—|z//z,) 


Rp = 6.5 kpe R, =3.5 kpe 
z,= 100 pe Zz, = 100 pc 


No = 1.1 1078 erg s7! pe 
L, (Galaxy) = 1.7 x 10°% erg s™! 


Np = 6.2 X10% ergs”! pe“? 
L, (Galaxy) = 1.5 x10” erg s”! 


220 


to the ridge per beam width in longitude (taking 1=25° as a 
representative direction) in the finite disk model is then 


N =7.5 x10 L?! 


If we take N>3, this requires L, < 2.5 x 10°% ergs™!. In prin- 
ciple, the fluctuations about a smooth distribution ın longitude 
(at least for the region / = 20-40°; Fig. 2b) suggest N <30, which 
would imply L,>2.5x'10™ ergs~'. This argument will not 
apply, however, if the observed fluctuations are largely the result 
of only a very few sources of flux ~5 x107}! ergs”! cm~? which 
are coincident with the ridge but not representative of the 
population which accounts for its ~80° x 2° extent. j 

„A more stringent constraint comes from a comparison with 
Einstein observations in the galactic plane. We have calculated 
(Fig. 3) the number of point-like discrete sources N’ per square 
degree (again taking / = 25°, b = 0° as a representative direction) 
which would be detectable in the softer band of the Imaging 
Proportional Counter (IPC) in a typical Einstein observation 
(IPC count rate of =0.01 c.p.s.). Our analysis of 14 Einstein 
pointings in the region of / = 24-26°, b = +1°, which are included 
in the galactic plane survey of Hertz and Grindlay'’, indicates 
N’<0.5. This low detection rate by the IPC implies that a source 
population with luminosity L, in the range 10° erg s's Ly < 
10°° erg s_‘ can be excluded as a major contributor to the galactic 
ridge. 

In summary, analysis shows that although a few relatively 
bright but unresolved sources probably contribute to the ridge 
and give rise to significant fluctuations in its intensity, the bulk 
of the observed emission must arise, assuming a discrete source 
origin, in a relatively low-luminosity X-ray source population 
(that is, L,<10°ergs~'). Furthermore, the derived scale 
height of ~100 pe firmly indicates an association with popula- 
tion I, although the radial distribution in the Galaxy-does not 
closely correspond to that of either spiral arm or smooth disk 
population material. The luminosity restriction implies that at 
least 3X10* sources must be contributing to the ridge. This 
immediately excludes, for example, young supernova remnants 
(age < 5,000 yr) on the assumption that the galactic supernova 
rate is ~one per 30 yr*”*'. In any case, supernova remnants 
have thermal spectra which are generally too soft to account 
for the observed ridge spectrum. Classes of X-ray sources which 
have roughly correct luminosity and spectral characteristics 
include cataclysmic variables, RS Cvn systems and possibly Be 
stars such as X Per and y Cas" 


Diffuse origin 


An alternative possibility to a discrete source origin is that the 
bulk of the ridge emission arises in a diffuse process. The X-ray 
volume emissivity due to inverse Compton scattering of the 
microwave background, far infrared photons and starlight, 
derived from estimates of the interstellar cosmic-ray electron 
spectrum (for example, ref. 22), falls short of the requirement 
by at least two orders of magnitude®!®. In addition, the scale 
height of =1 kpc for cosmic-ray electrons obtained by modelling 
radio” and y-ray measurements” does not match that of the 
X-ray emission. Medium-energy X rays are also produced as 
synchrotron radiation from ~10'* eV electrons moving in the 
galactic magnetic field. In a lifetime of~10* years such particles 
travel <170 pc by diffusion’® and might fill a disk in, the inner 
Galaxy of the form observed. However, an optimistic extrapola- 
tion of the cosmic-ray electron spectrum, at, least in the inner 
Galaxy region, is required for this process to be significant and 
the energy input needed to sustain the requisite electron popula- 
tion would belarge’®. 

The question of whether the X-ray emission has a diffuse 
thermal origin arises following the observation? by Tenma of 
intense Fe line emission at 6.7 keV from several directions in 
the galactic plane in the longitude range 280-340°. A thermal 
bremsstrahlung continuum was also detected, with a tem- 
perature ranging from 5 to 9 keV depending on position. Given 
the relatively low angular resolution of the Tenma observations 
(collimator FWHM ~3°), the possibility that this line and ther- 
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Fig. 3 Predicted number, N’, of sources per square degree detect- 
able by the Einstein IPC above a limiting sensitivity of 0.01 IPC 
c.p.s. as a function of the source luminosity L, at 2-6 keV. The 
finite disk model is assumed with (solid curve) and without (dashed 
curve) the H, component of absorption. The value of N’ plotted 
has been averaged over a 1.5X1.5° region centred on (l, b)= 
(25°, 0°). Broken line, observational limit, that is, N’<0.5. The 
calculation assumes a power law source spectrum with photon 
index of 1.5 and no low-energy cut-off intrinsic to the source. 


mal continuum originates in a narrow galactic ridge component 
(as observed by Exosat) cannot be excluded. The particle density 
required to produce the observed 2-6 keV volume emissivity in 
the finite disk model (assuming kT ~6 keV and a filling factor 
~1) is n~3x10 cm”, with an associated pressure P/k~ 
4x10° cm™ K, which is substantially larger than that of the hot 
component of the interstellar medium”. This plasma seems to 
be too hot to be either gravitationally bound or in pressure 
confinement and adiabatic expansion out of the disk would 
provide the dominant cooling mechanism (the radiative cooling 
timescale is >10'° yr). Presumably, a high-temperature phase 
of a supernova-shocked interstellar medium must be invoked. 
A direct test of this rather radical hypothesis is to search, using 
Exosat, for Fe line emission at positions along the galactic ridge. 


Conclusions 


In conclusion, the Exosat galactic plane observation has 
revealed a new feature of our Galaxy. The narrow ridge of 
emission, apparent in Fig.1, has an X-ray luminosity of 
~10° ergs™', a scale height of ~100 pe and a radial extent 
within the Galaxy of ~6.5 kpc. This inferred spatial distribution 
is dissimilar to that of the bright X-ray sources in the Galaxy 
and does not closely resemble the distribution of known popula- 
tion I tracers. Whether this component originates in a low- 
luminosity source population (L, <10°°° erg s'), a diffuse 
mechanism or a combination of processes is at present unclear. 
If the bulk of the emission is caused by hot (10’~10° K) gas, 
there would be major consequences for our understanding of 
the dynamics and heating of the interstellar medium. 

We thank our colleagues, particularly L. Jones, Professor K. 
A. Pounds and Dr G. Stewart for helpful comments and dis- 
cussions. We also thank the Exosat observatory team for Carrying 
out the complicated set of manoeuvres which comprised the 
galactic plane scan observation. 
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Continental sources of halocarbons and nitrous oxide 
Michael J. Prather’ 


Center for Earth and Planetary Physics, Harvard University, Cambridge, Massachusetts 02138, USA 


Estimates of continental sources of CFC-11, CFC-12, CCl, CH;CCl, and N2O are derived from the atmospheric lifetime 
experiment in Adrigole, Ireland, and anthropogenic emissions of CCl, and N,O from Europe have been identified. Relative 
source strengths are consistent with global budgets for the halocarbons and N,O. Different industrial release patterns for 
halocarbons are observed for Europe, the western United States and Australia. 


RECORDS of the composition of the atmosphere over the past 
two decades’? show a global increase in the concentrations of 
CO,, CH,, NO, CO, chlorofluorocarbons-11 and -12 (CFC-11 
and CFC-12) as well as many other halocarbons. Observations 
have often focused on clean-air, baseline conditions where a 
reliable trend in the global burden of these gases may be deter- 
mined. Here, I analyse data for trace gases from a once polluted 
site (Adrigole, Ireland) to identify and quantify sources of NO 
and halocarbons from the European continent. Globally, these 
gases represent the major stratospheric supply of odd nitrogen 
and inorganic chlorine, which, in turn, control the abundance 
of ozone. Increasing levels of chlorine and odd nitrogen may 
lead to large reductions in stratospheric ozone’. 

Sources of atmospheric trace compounds such as N,O and 
halocarbons are poorly quantified. Emission inventories for 
halocarbons are derived through surveys and estimates of global 
manufacture and distribution which contain major uncertain- 
ties™!?. The budget for N,O (ref. 7) is based on calculated losses 
from the stratosphere, on global scaling of few measurements 
of fluxes from soils and oceans, on the observed rate of increase 
in atmospheric concentration and on the detection of N,O as a 
by-product of combustion'**. I derive here an accurate calibra- 
tion of the relative emission of N,O and halocarbons from 
Europe. This information is contained in the measurements of 
CFC-11 (CFCI;), CFC-12 (CF,Cl,), CCL, CH;CCl, and N,O 
from the atmospheric lifetime experiment (ALE) station at 
Adrigole, Ireland’. 

The ALE data have been presented in the form of monthly 
mean concentrations from which the pollution events have been 
removed’. The initial study was extensive and used these clean- 
air, baseline values to calculate highly accurate hemisphere and 
global trends to compare with estimates for industrial emissions, 
and thence to derive globally averaged atmospheric lifetimes. I 
examine here the variations of trace gas concentrations occurring 
on short timescales, from 1 to 10 days, which result from the 
passage of polluted air over the observing site. The complete 
set of individual observations from the first 3 yr at Adrigole has 
recently become available and is shown in Fig. 1. The ALE 
programme has noted that ~30% of these measurements at 
Adrigole seem to be polluted, containing significantly higher 
concentrations of specific halocarbons associated with 
anthropogenic sources in Europe. The ALE analysis has selec- 
tively removed these events; here, I focus on them, using the 
elevated concentrations during pollution events to derive relative 
source strengths of these gases from western Europe. Similar, 


* Present address: NASA/Goddard Institute for Space Studies, 2880 © 
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but less detailed, analyses have been reported for urban sources 
of methane!” and for CFCs in Australia (P. J. Fraser, personal 
communication). The site at Adrigole is particularly advan- 
tageous for sampling European land sources with respect to the 
relatively uniform oceanic background. ALE data from Cape 
Meares, Oregon and Cape Grim, Tasmania do not define con- 
tinental emissions as clearly as the Adrigole data, but do indicate 
differing relative sources of these gases from western Europe, 
North America and Australia. 


ALE measurements and analysis 


The first 3 yr of measurements from the Adrigole station, span- 
ning 1 July 1978 to 30 June 1981, are presented in Fig. 1. The 
gas chromatograph used two different columns, silicone and 
porosil, and values for CFC-11, designated S and P, were repor- 
ted for both’. The data show numerous pollution episodes which 
seem to correlate across all gases except N,O. Irregular intervals 
in the record complicate the time-series analysis. 

In the current analysis, we have processed the ALE data for 
each of the ‘six’ gases individually as follows: 
(1) Original measurements, taken several times a day, are recor- 
ded to the nearest minute of observations, and have been tem- 
porally degraded into intervals of 8h; where more than one 
observation falls within the 8-h interval, they are averaged. 
(2) A linear, least-squares regression was fitted to all of the 8-h 
data; all points were weighted equally and no attempt was made 
to fill gaps in the record. 
(3) These ‘detrended* data were sorted, resulting in the proba- 
bility distribution functions shown in Fig. 2. 
(4) A limit on extreme values was selected from the 0.5% and 
99.5% probability levels; and those data in the upper/lower 
0.005 fractile were rounded down/up to the chosen extrema. 
(5) The truncated data set was again fitted with a linear trend 
which was again removed. 
(6) Auto-correlations and cross-covariances of the residual vari- 
ances were computed with a resolution of 8 h; again, no attempt 
was made to fill the numerous gaps in the data. Covariances 
(and auto-correlations) have been defined as 


Cl) =<E AU) x ACCA) 


where there are N such pairs of residual trace gas mixing ratios, 
fi and f, available at a time lag A. 

(7) The coherence of a pair of gases (1, 2) is defined in the form 
of a normalized covariance, 


hy2(A) = cy2(A)/[ey1(A) x cA) 


where the relative covariances (c,.) represent the increase in 
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Fig. 1 ALE measurements from Adrigole, Ireland. All primary observations from the P-column (CFC-11, CFC-12, N,O) and the S-column 
(CFC-11, CH;CCl, CCl,) which fall within the ranges‘of the graphs have been plotted. Dashed lines indicate the 99-percentile level. 


variance of short-term pollution events with respect to a baseline 
defined by the 20-30-day lag. 


€,2(A) = C,2(A) — (C12)20-30-day 


This definition of coherence is meaningful only when C is 
significantly greater than the baseline, and thus values in Table 
2 are reported only for lags out to 8 days where the pollution 
events are clearly distinguishable above the baseline concentra- 
tions of clean air. 

Steps 4-5 were adopted because variances in the halocarbon 
data tend to be dominated by relatively few observations with 
very high values. This approach effectively filters the extreme, 
short-lived, infrequent pollution events into manageable vari- 
ations in trace gas concentrations, without losing the basic 
information that the air was highly polluted. Repeating this 
analysis with limits placed at the 1.5 and 98.5% probability 
levels shows negligible sensitivity to these limits. 

Trends in concentration for the trace gases as calculated in 
steps (2) and (5) are shown together with results from the original 
ALE analysis in Table 1. Except for CFC-11S these trends agree 
well and indicate that inclusion of the pollution events (removed 
by the ALE investigation in the original analysis) do not seem 
to distort the baseline trend observed at Adrigole. The calculated 
trend in CFC-11S is influenced by a few extremely high con- 
centrations early in the record: truncating the distribution at 
+1.5% probability raises the calculated trend to +4.6+ 
0.3% yr_', closer to the other trends derived for CFC-11. 

The cumulative probability distributions shown in Fig. 2 
reveal two distinct categories of data. The linear region below 
the 60% level is indicative of a normal gaussian distribution 
that we assume represents the measurement of background air 
as influenced by instrumental variations plus short-term and 
seasonal variations not removed by the linear trend. Second, 
the steep rise in concentrations at the upper quartile of the 
probability distribution (for all gases but N20) points to sources 
of air with highly enriched concentrations, agreeing with the 
ALE observation that Adrigole experiences polluted European 
air ~30% of the time. These distributions may be used to derive 
relative source strengths for these gases as described below. 


The temporal correlation of variations in the five ALE trace 
gases provide valuable information on their concurrency as well 
as on the duration of pollution events. The former is addressed 
here as we attempt to extract relative emissions integrated over 
a continent; the latter provides important tests for atmospheric 
models of tracer transport. Our focus is restricted to +30-day 
lags because of interest in synoptic-scale variability. The original 
data exhibit discontinuities on a monthly or seasonal basis which 
make the interpretation of longer correlations more difficult (see 
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Fig. 2 Probability-distribution functions for the ALE data from 

Adrigole, Ireland. The primary data shown in Fig. 1 have been 

sorted into intervals of 8h, and a least-squares, linear trend has 
been removed. 
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Table 1 ALE data from Adrigole | CFC-ls 
100 ppt? 
ALE analysis Present analysis } ae 
Mean 
Trend trun- Trend 
Gas Column Factor Mean (%yr™')  cated/full (% yr‘) 0 
CFC-11 P 0.96 1788 +51+02 1846/1849 +48+07 
CFC-12 P 095 3013 +6.3Ł02 307.1/3074 +6.0+02 2 CHACC? 
N,O P 306 0/3060 -02+05 saa 
CFC-11 S 096 1779 +5.0+02 1842/1845 +44403 1 
CH,CCl, S 0 80 152.3 +77+0.6 161.6/161.9 +7.9+0.7 
CCl, S 0 80 124.6 7+2740.6 1262/126.4 +2.8+04 





Mean values refer to January 1980 and have units of parts per 10°” by volume, 
except for N,O with umts of parts per 10° by volume. Suggested calibration factors 
have not been applied (see ref 9) ALE analysts does not include the ‘pollution 
events’, ~30% of observations. Reported trends are for the truncated data set, 
those for the full set differ by less than the quoted error (95% confidence range 
for the linear fit) 


1 


Table 2 Coherences with respect to CFC-11S 


tlag 
(h) CFC-11P CFC-12 NO CH;CCl, CCl, 
0 0.92 0.89 019 0.86 0.56 
8-24 1,00 0.97 0 28 0.94 0.71 
32-104 1.01 0.98 0.35 0.99 6.90 
112-176 1.00 0.97 0.32 0.95 1.08 


Values are based on the initial (linear-trend) analysis described in text. 


Fig. 1). Autocorrelations for the six ALE gases are shown in 
Fig. 3; and selected cross-covariances, in Figs 4 and 5. 


Trace gas correlations 


All gases with the exception of N,O (that is, the halocarbons) 
exhibit similar patterns: the full width of a pollution event is 2 
days at half height; enhanced concentrations persist for long 
periods (autocorrelations of 20% peak variance extend out to 
+5 days); a significant repetition of these events occurs on a 
scale of 5-8 days with additional structure out to 30 days. Air 
containing elevated concentrations of halocarbons (such as, 
variances of 200 (parts per 10'? by volume, p.p.t.)? is clearly 
identifiable against the mean background (such as, variances of 
10 (p p.t.)? derived from the probability distribution in Fig. 2). 
Both N.O and CCl, data are significantly, positively correlated 
at +30 days, a consequence of seasonal/annual variability not 
removed by a linear trend, or possibly a result of their relatively 
shorter data records (see Fig. 1). The different halocarbons are 
indeed highly correlated with each other as may be seen in 
Fig.4, where the cross-covariances show the same patterns 
evidenced in the autocorrelations. 

For N,O the uncorrelated noise in the autocorrelation at a 
time lag of zero, presumably the instrumental variance, is much 
greater than the correlated variance for lags greater than zero. 
Its magnitude, ~5 (parts per 10° by volume, p.p.b.)?, is consistent 
with that derived from the slope of the probability distribution, 
~7 (p.p.b.)*. Furthermore, the N.O observations show a broad 
autocorrelation of the order of 1.5 p.p.b., extending over a range 
of +15 days. Examination of the N,O observations in Fig. 1 
points to systematic shifts in concentration every calendar month 
that might lead to such a correlation extending over 30 days. 
Because of these problems with N,O, I have re-examined the 
original data with a different analysis, replacing steps (2)-(6) 
with the following: 

(2') Reference values for the 8-h data are selected on a month- 
by-month basis, setting the baseline at the 50th percentile (that 
is, median) of observations for the month. 

(3’) The data are sorted as before. 

(4’) The +0.5% extreme values are truncated as before. 

(5’) In a further effort to reduce noise, the apparently aberrant 
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Fig. 3 Autocorrelations of the six ALE gases from Adrigole. The 

filled square denotes the zero-lag autocorrelation (white noise) of 

the time series. Scale factors for the variances are given in each 

panel. The upper six panels refer to time series from which the 

linear trend has been removed; the lower two panels (*) show 
results from the monthly median analysis. 


N-O observations from March through June of 1980 have been 
dropped (see Fig. 1). 

(6') Correlations and covariances are computed as before; selec- 
ted correlations from this monthly median analysis are included 
in Figs 3 and 5, denoted by asterisks. 

This second analysis does not significantly alter the halocar- 
bon self-correlations, but it greatly reduces the noise in the NO 
time series. As expected, when the data are renormalized by 
monthly medians, autocorrelations at +30 days are nearly zero. 
The covariance of NO with the other halocarbons is now more 
readily visible, and the uncorrelated noise in the data has been 
reduced to 2.5 (p.p.b.)?. The NO signal which correlates with 
pollution events is small, <0.5 p.p.b., and care is needed to 
ensure that it is not caused by interference in the gas chromato- 
graph with a pollution-associated trace gas such as CO. The 
coherence of N,O with respect to CFC-11S now exceeds 0.4 at 
5-8-day lags. 

No pair of gases is perfectly coherent at zero lag, not even 
CFC-11S and CFC-11P. This may be understood in that a time 
lag of zero does not mean that both S and P columns sampled 
the same air mass, but rather that both measurements were made 
within 8 h of each other. Beginning at a lag of +8 h and extending 
out to +8 days the major halocarbons (CFC-11S, CFC-11P, 
CFC-12 and CH;CCl;) become highly coherent (0.98 +0.03), 
indicating that pollution events of duration >8 h have evolved 
from quantitively comparable sources of these gases. Carbon 
tetrachloride, on the other hand, is not fully coherent with the 
other halocarbons (for example, 0.71 at 8-24 h} until we reach 
lags of 5~8 days. The asymmetry of the CCI, cross-covariances 
would imply that elevated levels of CCl, are likely to precede 
a general halocarbon pollution event by about 10 days. A pre- 
liminary interpretation of this pattern would be that the major 
CCl, sources observed at Adrigole are indeed European but of 
spatially distinct regions (for example, eastern Europe) as com- 
pared with those of major CFC sources (for example, western 
Europe). 
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Fig. 4 Cross-covariances of the halocarbons at Adrigole. The 
covariances have been defined in the sense given by the formula 
in the text. Each panel denotes the cross of fi xf, with the solid 
line referring to positive lags (+A) and the dashed line to negative 
lags (—A). Scale factors for the variances are included in each panel. 


Sources 


European source strengths for CFC-12, CH;CCl,, CCl, and 
N.O with respect to that for CFC-11 are derived by two methods 
and reported in Table 3. We may determine relative emissions 
from the probability distributions if the highest concentrations 
observed for each gas are assumed to be perfectly correlated, 
such that the difference in concentrations between, for example, 
the 90 and 98% levels is proportional to the source. Molar ratios 
of these inferred sources are calculated from the probability 
distributions in Fig. 2 with the background (variance) removed. 
Relative sources of trace gas 2 with respect to reference gas 1 
are derived from the time-series by averaging the ratio of the 
relative covariance (c,.(A)) to the autocorrelations of the refer- 


t 


Table 3 Relative molar source strengths 


CFC-11 CFC-12 CH,CCI, CCl, N20 
Probability distribution* 
ALE (Ireland) 1 1.0401 1902 0.234007 ~O t 100 
Time seriest 
ALE {Ireland} I 11 1.8 0.28 30-70 
ALE (Oregon) Í 1.2+0.2 2.5403 0.154005 ND 
ALE (Tasmania) H 09+0.2 09402 0.154004 ND 
Industrial emissions? $ 
Global } 176 194 0.34 52 
(flux in 10° g yr‘) (265) (410) (500) (100) (2,800 of N) 





* Dimensioniess ratios are based on the probability distribution between the 
90th and 98th percentile ranking, error estimates are subjective, including uncer- 
tainties in determination of the high-end probability distributions. 

t Error estimates are +10% for all but N,O (see text). Absolute calibration 
factors for the ALE data have not been applied, and would reduce the relative 
sources for CCL, and CH;CCI, by ~15%. N20 sources for Oregon and Tasmania 
are not detectable (ND) 

} Estimates for industrial emisstons are generally available only for the entire 


Northern Hemisphere (see refs 9, 12) N20 flux estimate corresponds to 0.2% yr™'. 
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Fig. 5 Cross-covariances of N,O with halocarbons at Adrigole. 

The covariances are defined as in Fig. 4. The upper panels refer 

to the analysis with linear trends removed; the lower four panels 

(*) are based on the monthly median analysis with some of the 
N,O data excluded (see text). 


ence gas (c,,(A)). Averages are based on time lags >8h and 
<8 days; contemporaneous measurements (zero lag) are not | 
used because their coherence is low and the instrumental noise 
may be greater than the atmospheric signal (for example, N,O 
at Adrigole, CFCs at Cape Meares). 

Nitrous oxide sources have been estimated with respect to all 
the halocarbons and span more than a factor of 2 as indicated. 
Because the halocarbons are so highly coherent, estimates based 
on the probability distributions alone agree with the more accur- 
ate time-series analyses, Table 3 also includes results of similar 
analyses for the ALE data from Cape Meares, Oregon and Cape 
Grim, Tasmania. These latter two stations observe pollution 
events of smaller magnitude less frequently than Adrigole, 
requiring a time-series analysis to characterize accurately the 
atmospheric events above instrumental noise. Unfortunately, no 
estimates of NO sources may be inferred from the Oregon or 
Tasmania data. l 

These derived emissions are independent of the local | 
meteorology and synoptic processes as long as the variability at 
Adrigole results from addition of these inert tracers to a relatively 
well mixed, uniform background atmosphere. Meteorological 
studies of halocarbon pollutions at Adrigole®’® clearly point to 
air that has travelled over the European continent and the British 
Isles. An absolute calibration of the halocarbon emissions would 
require not only knowledge of meteorological conditions, but 
also a proven model for boundary layer mixing and atmospheric 
transport. Nevertheless, case studies of the CCl, episodes may 
enable positive identification of this source with eastern Europe. 


Conclusions 


Release patterns for the CFCs are similar for Europe and the 
western United States, although Australian releases of CFC-12 
with respect to CFC-11 are noticeably smaller. Most importantly, 
global budgets for CFCs*'*, based on observed atmospheric 
trends and on industrial inventories, indicate a substantially. 
larger ratio of CFC-12 emission to CFC-11 emission (~1.8) than 
is observed for all three regions studied here (~1.1). The Soviet 
Union and developing countries have been proposed as playing 
a relatively more important role in world use of CFC-12. The 
Chemical Manufacturers Association (CMA) estimates!* of the 
CFC-12: CFC-11 ratio for reporting (western) companies (~1.5) 
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is lower than the global average but still greater than observed 
for the United States and Europe. 

Emissions of CH3;CCI, (with respect to CFC-11) are clearly 
different from the three continents: the western United States 
is a factor of 1.3 above the global mean, and Australia a factor 
of 2 below. A balance of sources from the United States and 
western Europe could maintain the CHCC], global budget. 

Carbon tetrachloride shows a large European source (with 
respect to CFC-11) which is still less than estimates for the mean 
global source. As the United States and Australia seem to 
contribute lesser relative amounts of CCl,, I conclude that 
additional sources may be required, perhaps also associated 
with the missing CFC-12. The primary pollution events at 
Adrigole show a CCl,:CFC-11 ratio typical of the other con- 
tinents (~0 15). The larger sources of CCl, are associated with 
high coherence at time lags or more than 4 days, enough time 
for air to have crossed the European continent. 

Nitrous oxide variability at Adrigole shows a component 
clearly correlated with halocarbon pollution events. This 
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relationship is consistent with an industrial source of NO from 
combustion of fuel nitrogen'*!* which is spatially associated 
with halocarbon releases. If scaled to global CFC-11 emissions, 
the magnitude of this source is ~3 X10!” g(N) yr7', is equivalent 
to the observed annual increase in NO, and accounts for ~25% 
of the current global emissions’. 

Concurrent atmospheric measurements, made at a frequency 
greater than one per day, provide valuable information on the 
location and magnitude of sources for many trace gases of both 
natural and anthropogenic origin. These data permit integration 
of emissions over large areas and present critical tests for the 
synoptic-scale transport of trace gases in three-dimensional 
models. Locations of observing stations near, but not in the 
middle of suspected sources would allow determination of 
baseline trends?” as well as emissions. 
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Segmentation of mid-ocean ridges 
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Studies of mid-ocean ridges in the Pacific and Atlantic oceans show that the volcanism that forms the oceanic crust along 
the spreading-plate boundaries is concentrated at regular intervals related to spreading rate. This observation and a new 
calculation for a Rayleigh-Taylor type of gravitational instability of a partially molten mantle region growing under 
spreading centres yield reasonable estimates of upper mantle viscosities. 


SEGMENTATION of mid-ocean ridges seems to be a global 
phenomenon. Mid-ocean ridges are the spreading boundaries 
or spreading centres between lithospheric plates where new 
oceanic crust and lithosphere is created at rates of 10-200 km 
Myr’. Although continuous overall, mid-ocean ridges are cut 
by many transform zones and associated fracture zones that 
offset the spreading centre by distances up to several hundred 
kilometres (Fig. 1). These fracture zones divide the ridges into 
a series of relatively straight segments with lengths of several 
tens to several hundreds of kilometres. As more high-resolution 
geophysical surveys of mid-ocean ridges are becoming available 
in the world’s ocean basins, an even more orderly pattern of 
the sea floor is emerging. This pattern indicates that the bound- 
aries between the spreading plates have a fairly rigorous cellular 
structure on a 30-80 km length scale. 

The spreading centre cells seem to be the primary feature of 
mid-ocean ridges; they suggest a three-dimensional, rather than 
two-dimensional, process of magmatism and crustal accretion 
spaced evenly along the present spreading boundary. Magnetic 
studies of older oceanic crust suggest relatively stable and even 
segmentation of plate boundaries in the past on the same length 
scale'?. Seismic studies indicate that oceanic crust with normal 
seismic structure is formed in the spreading centre cells and that 
between the cells, thinner crust and other structural anomalies 


characteristic of fracture zones are formed, regardless of the 
spatial offset between the spreading centres*”’. 

The transition zones or transform zones between centres on 
the active mid-ocean ridges manifest themselves in variable and 
complex ways. Where large offsets exist between the centres, 
well-defined, predictable transform fault zones provide the con- 
tinuity and stability of the active plate boundary between the 
spreading centres on either side of the transform. Where no 
offsets are apparent between the spreading centre cells, the 
transition zones between centres are complex, variable and 
inherently unstable on an approximate length scale of 10 km 
and timescale of 10°-10° yr (refs 8, 9), but they are apparently 
stable when observed on longer length- and timescales'~*’’. 

The apparent stability in space and time on the longer length- 
and timescales of a regular segmentation of mid-ocean ridges 
has been attributed by Whitehead, Dick and Schouten”? to a 
Rayleigh-Taylor type of gravitational instability of a partially 
molten mantle region beneath spreading centres. In this model, 
the wavelength of the instability controls the aggregation and 
diapiric ascent of mantle melt (magma) at regular intervals along 
the boundary between two spreading plates. | 

Here we use the results of high-resolution geophysical surveys 
of mid-ocean ridges and determine the length scales of segmenta- 
tion as a function of spreading rate. We use a modification of 
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Fig. 1 Atlantic and Pacific spreading centres and transform zones 

which form the boundaries between the spreading lithospheric 

plates. Stars denote the location of five high-resolution surveys of 

the Mid-Atlantic Ridge (MAR) and East Pacific Rise (EPR) dis- 
cussed in this article. 


a theory by Howard"’ for Rayleigh-Benard convection to predict 
length- and timescales of magmatic activity as a function of 
spreading rate. We show that observed length- and timescales 
of magmatic activity on mid-ocean ridges predict reasonable 
upper mantle viscosities, suggesting that the chosen length- and 
timescales and the proposed theory are appropriate. This pro- 
vides additional supporting evidence for the mechanism for 
magmatic accretion under spreading centres proposed by White- 
head et al.'° and for the predictability and inherent stability of 
length- and timescales of magmatism and crustal accretion on 
past and present-day mid-ocean ridges. 


Spreading centre segmentation 


A detailed SEABEAM investigation of the East Pacific Rise 
(EPR in Fig. 1), which provided continuous along-strike 
coverage of the rise-axis bathymetry between 8° N and 18°N, 
revealed that the continuity of a 550-km-long spreading-centre 
segment between the Clipperton Fracture Zone (10° N) and the 
Orozco Fracture Zone (15°N) was disrupted in at least six 
locations by a volcano-tectonic geometry characterized by two 
overlapping (en-echelon) neovolcanic zones enclosing an 
elongate depression®” (EPR 10°-14° N in Fig. 2). The existence 
of similar disruptions of the southern East Pacific Rise axis 
between 20° S and 7° N has been reported by Lonsdale'*"'* (EPR 
3°-6° N in Fig. 2). Schouten and Klitgord” have argued that 
these geometries are the morphological expression on fast 
spreading ridges of ‘zero-offset’ transform zones between 
spreading-centre cells which have been stationary features on 
the EPR spreading axis for at least 5 Myr. 

The segmentation of the mid-Atlantic Ridge (MAR in Fig. 1) 
has been suggested by interpretations of high-resolution surveys 
in the FAMOUS area’ (MAR 36°-37° N in Fig. 2) and in the 
TAG area’®'? (MAR 25°-27°N in Fig.2) which indicate a 
spreading-centre spacing of the order of 40 and 45 km, respec- 
tively. Any spatial offset between two rift valleys translates into 
a significant age offset on this slowly spreading (~25 km Myr™") 
plate boundary. Age offset rather than spatial offset seems to 
characterize the anomalous great depths found at ridge/trans- 
form intersections'®, causing significant disruptions in the rift- 
valley bathymetry. If we interpret each rift-valley segment 
bounded by anomalous depths as a spreading-centre. cell, then 
bathymetry between the Kane Fracture Zone at 24° N and the 
Azores triple junction of the North American, African and 
European plates at 38° N would give an estimated ‘distance 
between cell centres of 50+10km, which is in agreement with 
the high-resolution observations in FAMOUS and TAG. On the 
faster spreading EPR we interpret the disruptions of the neo- 
volcanic zones shown in Fig.2 as the boundaries between 
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Fig. 2 Segmentation of seafloor spreading centres from high- 
resolution geophysical data on EPR and MAR. Lines denote neo- 
volcanic zones inferred from ridge-axis topographical highs (on 
fast-spreading EPR) and deeps (on slow-spreading MAR). EPR 
3°-6° N after Lonsdale’* (multi-narrow-beam bathymetry data); 
EPT 10°-14° N after Macdonald and Fox® and Macdonald et al? 
(multi-narrow-beam bathymetry data); MAR 25°-27°N modified 
from Rona et al.’© and Rona and Gray!’ (single narrow-beam 
bathymetry data, average track spacing 7nm), MAR 35°-37°N 
modified from Ramberg and van Andel’? (multi-narrow-beam and 
single-beam bathymetry data) The heavy line in EPR 5°-3°S 
denotes the Pacific- Nazca plate boundary after Searle?’ (GLORIA 
long-range side-scan sonar data). Open circles, placed at midpoints 
of the spreading-centre segments, denote hypothetical centres of 
magmatic activity. Arrows indicate total seafloor spreading (after 
ref. 38). Average spacing of these centres as a function of effective 
spreading rate is shown in Fig. 3. We postulate that the fairly even 
spacing of these centres can be attributed to a Rayleigh-Taylor 
type of gravitational instability of a lower density and viscosity 
region of high-melt content collecting at the base of melt-depleted 
mantle at some depth beneath the spreading plate boundary. The 
reduced distance between centres in EPR 5°-3° S can be attributed 
to reduced rate of melt production per unit length along this oblique 
section of the spreading plate boundary; the average effective 
spreading rate on this oblique boundary is of the order of 75 km 
Myr" or less than half the spreading rate at this location. 


spreading-centre cells, indicating a fairly even spreading-centre 
spacing of the order of 65 km. 


Three-dimensional magmatic accretion 


Submersible observations and bottom camera surveys at spread- 
ing centre/transform zone intersections indicate an apparent 
reduction of magmatic activity towards the transform zone 
regardless of transform offset (see refs 18, 19). Near-bottom 
observations of the Galapagos Rift at 86° W have shown clear 
along-strike variations in volcanism, structure and hydrothermal 
activity along a 30-km section of a 250-km long spreading-centre 
segment, suggesting a three-dimensional rather than two- 
dimensional process of magmatism and crustal accretion”. 
Similar observations of the along-strike variability of axial pro- 
cesses on the EPR near 20°S, 13° N and 21° N and on the Juan 
de Fuca Ridge support a three-dimensional model of magmatic 
accretion in seafloor spreading centres”. 


Segmented magmatic accretion 


The cellular structure of the boundaries between spreading 
plates is one of the arguments used by Whitehead et al? and 
Crane” to support a new model of magmatic accretion under 
spreading centres. In this model, the mechanism that controls 
the segmentation of mid-ocean ridges is attributed to a Rayleigh- 
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Fig. 3 Spacing (1) of hypothetical centres of magmatic activity 

(from Fig.2) against effective spreading rate v, (error bars are 

+1 s.d.) and a best-fit model for the proposed relationship where 

loc vt? or] = 14.4 vt’. This model predicts an average spreading- 

centre spacing of 85 km for a 200 km Myr™" spreading rate at 20° S 
on the EPR 


Taylor type of gravitational instability of a lower viscosity and 
lower-density partially molten region collecting at the base of 
melt-depleted mantle at some depth within the asthenosphere 
rising beneath the spreading-centre axis. The wavelength or 
spacing of the fastest growing instability of the low-viscosity 
material is a function of the geometry of that region and of the 
viscosities of the partially molten region and the surrounding 
asthenosphere!™2*?>, 

Considering that mid-ocean ridge basalts (the mantle melt 
that has ageregated from a partially molten mantle and risen to 
the surface to form the oceanic crust) have a rather characteristic 
and uniform composition throughout the world”® it is probable 


Fig. 4 Along-axis diagram of the proposed mechanism of mag- 
matic upwelling beneath mid-ocean spreading centres. Fine 
stipples, parental upper mantle; coarse stipples, partially molten 
mantle; no stipples, melt-depleted mantle; solid black, aggregated 
mantle melt (magma). A region of partially molten mantle begins 
to collect at the base of the depleted mantle in the asthenosphere 
beneath the spreading axis (a). As the volume of this region grows 
(b), the partially molten mantle, which has a lower density and 
viscosity than the surrounding asthenosphere, develops a gravita- 
tional instability with regularly spaced disturbances (c). Once the 
disturbances are established, the very low viscosity melt (magma), 
which can migrate by porous flow and moves more rapidly than 
the partially molten region as a whole, concentrates at the tops of 
the rising disturbances (d), after which it mses diapirically (e) 
towards the magma chambers in the oceanic crust above. The 
partially molten region is depleted of the melt (d) and the process 
will repeat itself as a new region of partially molten mantle begins 
to grow again at the base of the freshly depleted mantle (e, f). 


ARTICLES —————— 


that the viscosities of the partially molten region and the sur- 
rounding asthenosphere beneath mid-ocean ridges are uniform 
also, and independent of spreading rate. However, the produc- 
tion of melt, caused by the decompression of the asthenosphere 
as it rises to fill the gap between two spreading plates, must at 
least equal production of oceanic crust. If we make a first-order 
approximation that the thickness of oceanic crust is uniform 
and independent of spreading rate, then production of melt 
beneath mid-ocean ridges would be proportional to spreading 
rate. 

The model of Whitehead et al.'° postulated a linearly con- 
tinuous partially molten region beneath the spreading plate 
boundary. The width of this region cannot exceed the width of 
the asthenosphere rising between the spreading lithospheric 
plates. This width is a function of depth or age as the lithospheric 
plates thicken with age away from the axis*’**. At 25 km depth 
beneath the spreading axis, where the instability is postulated 
to occur’®, the width of the asthenosphere between the lithos- 
pheric plates is the total spreading rate multiplied by 4 Myr (ref. 
27) to 7 Myr (ref. 28). On the fast-spreading EPR (100- 
200 km Myr™), between Rivera Fracture Zone (18°N) and 
Eltanin Fracture Zone (57°S), most transform offsets are 
1 Myr times the spreading rate (comparable with offsets of 
<25 km in the slow-spreading central North Atlantic). These 
offsets would be insufficient to disrupt the continuity of a par- 
tially molten region at 25 km depth beneath the overall spreading 
boundary. A linearly continuous partially molten region beneath 
the EPR axis, with its gravitational instability driving the seg- 
mentation of this axis, would explain the phenomenon of multi- 
ple closely spaced transform zones. The double Orozco Fracture 
Zone at 15° N (ref. 29) provides the continuity of regular spacing 
(of the order of 65 km) between centres of magmatic activity 
along an oblique part of the overall plate boundary. The multiple ` 
Quebrada, Discovery and Gofar Fracture Zones near 5°S on 
the EPR surveyed with GLORIA”? (EPR 5°-3°S in Fig. 2) sug- 
gests a fairly regular spacing between centres of magmatic 
activity (of the order of 55 km) along a very oblique section of 
the overall spreading boundary (the trend is ~30° to the spread- 
ing direction). 

To include the segmentation of oblique plate boundaries in 
our estimates, we postulate that the average production of melt 
per unit length along the average boundary is proportional to 
the effective spreading rate (where effective spreading rate is 
the component of spreading perpendicular to the regional trend 
of the spreading plate boundary). A plot of average distance 
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between centres of magmatic activity (that is, the centres of 
spreading-centre segments indicated by circles in Fig. 2) versus 
effective spreading rate is shown in Fig. 3. The segmentation of 
mid-ocean ridges would be proportional approximately to one- 
third power of the effective spreading rate (Fig. 3). 


Rayleigh-Taylor instability 

We use a modification of a remarkably simple theory by 
Howard"! for Rayleigh-Benard convection (a horizontal layer 
af fluid heated from below) to predict spacing between centres 
of magmatic activity as a function of spreading rate. In Howard’s 
theory, the conductive growth of a thermal boundary layer from 
an initially isothermal state was shown to proceed as an error 
function. The boundary layer could be next to either the cold 
top plate or the hot bottom plate. He postulated that the boun- 
dary layer would grow until its local Rayleigh number reached 
a number of 1,000-3,000. Next, a disturbance would grow more 
rapidly than the conductive boundary layer, and a blob of fluid 
would detach from the boundary. The boundary layer would 
be swept free of the boundary and the process would repeat 
itself as fluid near the boundary began to form a new thermal 
boundary layer. The calculation led to the correct prediction 
that heat transport would be proportional to Rayleigh number 
(dimensionless temperature difference) to the one-third power, 
a result known to be true both from experiment and by more 
rigorous and much more complicated theories'*?'**. 

Here we do not have a conductive boundary layer but instead 
consider a growing horizontal cylindrical body of fluid with 
relatively low viscosity and density compared with the surround- 
ing liquid. This represents a linear region of relatively high melt 
content growing in the Earth’s mantle below the spreading 
boundary. To be consistent with uniform formation of oceanic 
_crust, we postulate that the volume of the cylindrical body 
increases uniformly with time. The diameter of this'body will 
Increase proportionally to the square root of time, that is 


1/2 
d= (= (1) 


T 


where U is the two-dimensional volumetric production rate of 
the lower viscosity and density region and ¢ is time. We imagine 
this is the first part of a cycle in which upwelling mantle develops 
a linear region of lower viscosity and of density p — Ap. 

The appropriate gravitational instability for a horizontal cylin- 
drical volume is a modified Rayleigh-Taylor instability’®”° for 
which it has been shown that small disturbances will grow 
exponentially as exp(t/7), where (using equation (1)) the time- 


scale 7 is 
1 TA a \ "2 i —1/3 
= ——_ _ = 2 
0.153 gAp (; =) (5) = 


Here p, is the viscosity of the surrounding mantle fluid, yw, the 
viscosity of the cylindrical volume of high-melt content and g 
is the force of gravity. Although this equation is strictly valid 
only for large values of 22/1, it is quite accurate for values as 
low as 1.5 or 2. Equation (2) shows that 7 is initially infinite, 
but that it decreases inversely as the square root of time (that 
is, diameter). As a modification to Howard’s theory, let us 
assume that as the volume grows, no disturbances will be 





apparent until a time (¢,) of the order of r (Marsh” advocates | 


a factor of 57 before protrusions are seen experimentally). 
Setting t=¢,=7 in equation (2) and solving for t, we get 


1/2 —1/3792/3 
maa a © 
0.173 gAp \U Ly 


The wavenumber of fastest growing disturbances for a cylin- 
drical volume is advocated by Marsh” to be 


1/3 
k= (#1) (4) 
d \m 


Using equations (1), (3) and (4) and k,=27/A,, where A, is 
the critical wavelength, we get the following expression for the 
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Fig. 5 Constraints on upper mantle viscosity (x) and the ratio, 
Halke, Of mantle viscosity to viscosity of the partially molten 
mantle region (u) under seafloor spreading centres. c, Concentra- 
tion of melt in the partially molten region. Lines of constant c are 
drawn from equation (9) which relates the wavelength of a Ray- 
leigh-Taylor instability to observed length scales of magmatic 
activity on mid-ocean ridges. Values of c>1 are impossible, and 
(u2/,)<1 1s considered to be physically unlikely. Vertical 
hachures indicate a permissible range of melt concentrations 107! > 
c> 107°; greater values would result in semi-suspended slurry with 
too-large values of 4./,; smaller values of c would not result 
in a sizeable magma genesis. A second constraint (horizontal 
hachures) arises from the observed time- and length scale of 
magmatic activity in the central North Atlantic FAMOUS area 
and from equation (6). The centre of intersecting hachures les at 
~u =10'? P, (u2/,)=10, c=3%. The fact that these numbers 
are reasonable suggests that length- and timescales of magmatic 
activity on mid-ocean ridges can provide important boundary 
conditions for models of mantle upwelling under spreading centres. 


wavelength of fastest-growing disturbances at critical time t., 


that is 
= 1 ae ( fez K (2)" (5) 
° 0.169 gAp [Ly 


We suggest that once disturbances with this spacing are estab- 
lished in the partially molten mantle region, the very low vis- 
cosity melt, which can migrate by porous flow? would move 
more rapidly than the partially molten region as a whole and 
concentrate at the tops of the rising disturbances, after which 
it would be drawn off through conduits?’ (Fig. 4). The partially 
molten region would be depleted of the melt and the process 
would repeat itself as a new region of high-melt content begins 
to grow at the base of the freshly depleted mantle. 

Of special interest will be the product of equations (3) and 
(5), which reduces to the simple expression 


ieai- (6) 
gAp 


Discussion 


The most striking property of equation (5) is the dependence 
of spacing on production rate to the one-third power, which 
matches the empirical dependence found in Fig. 3 of spreading- 
centre spacing | on effective spreading rate v, to approximately 
the one-third power. We postulate a model of the form of 


l= Qv” (7) 


to fit the data in Fig. 3, and choose Q = 14.4 km?” Myr"? as a 
best fit. We relate the volumetric production rate U of a partially 


NATURE VOL 317 19 SEPTEMBER 1985 


molten mantle region beneath spreading centres to the three 
quantities: effective spreading rate, thickness of oceanic crust 
T and the melt concentration c in the partially molten region. 
We assume that production of melt equals production of oceanic 
crust, thus the production rate of the partially molten region is 
given by 

VT 


č 








(8) 


Equations (5), (7) and (8) can be combined to relate the 
empirical parameter Q with tı, #2, Ap, c and T. Setting I= àe 


we obtain 
ceA oe 
u = (0.169 er (5) (9) 


Hi 


This relationship is illustrated in Fig. 5 with the following 
numbers for the observed quantities: Q =0.98 x10? cm?” s3, 
average thickness of oceanic crust (fracture zones included) 
T =5X10° cm and g = 10° cm s™?. It is further assumed that Ap 
of the partially molten region is proportional to melt concentra- 
tion, that is, Ap = 0.4 c gm cm”. Thus, our remaining unknowns 
are Ma re u and c; lines of constant c are’ presented in a po, 
lta/ l plane. Vertical hachures i in Fig. 5 indicate a permissible 
range of melt concentrations 107'>c> 107°. If the postulated 
dynamics are correct and if the value of Q adopted here predicts 
the correct spreading-centre spacing on the world’s mid-ocean 
ridges, then Fig. 5 will provide important constraints on the 
viscosities of the upper mantle and the partially molten region 
below spreading centres. 

An additional physical prediction of the model is the critical 
time ft„ which can be thought of as a timescale of magmatic 
activity. From equations (3) and (8) it is easy to see that also 
the frequency (1/t,) of the process should be proportional to 
effective spreading rate to the one-third power, predicting a 
frequency of magmatic activity in the fastest spreading centres 
(EPR 20°S at 200 km Myr™') that is only a factor of two greater 
than the frequency of magmatic activity in slow-spreading 


centres (MAR at 25 km Myr). Recent near-bottom studies of ` 


spreading-centre activity along the EPR axis indicate a 
frequency of magmatic activity which is only a factor of two or 
three higher than that of the FAMOUS area and Reykjanes 
Ridge on the slow-spreading MAR (R. D. Ballard, personal 
communication) which is consistent with the prediction from 
our model. 

From an interpretation of FAMOUS rift valley geomor- 
phology, Ballard and van Andel” estimate a period of magmatic 
activity of the order of 10*yr. The wavelength of magmatic 
activity or spreading-centre spacing in this area is 40km (MAR 
36°-37° N in Fig. 2). We use these estimates of period and 
wavelength from the FAMOUS area with equation (6) to predict 
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upper mantle viscosity p>. Taking f= iG * yr, Ae=40 km, 
g =10° cm s? and assuming Ap = 0.4¢ g cm” we find from 
equation (6) that u = 2.64 x 10'°*°° e. This estimate is represen- 
ted with the horizontal hachures in Fig. 5. The area of intersect- 
ing vertical and horizontal hachures in Fig. 5 is a constraint in 
parameter space which implies that only a low-viscosity contrast 
(<10*) and a viscosity of upper mantle under spreading centres 
of u, = 10'**! P are compatible with the theory and the observed 
length- and timescales of magmatic activity on mid-ocean ridges. 
The centre of intersecting hachures in Fig. 5 lies at ~p, = 10°* P, 
(H/H) = 10, c=3%. 

These estimates are consistent with some geophysical, petro- 
logical and experimental observations. From gravity and models 
of the median valley on the MAR, Collette et al?” have estimated 
a value of 10'° P for the viscosity of upper mantle beneath this 
plate boundary. Based on petrological studies of Alpine peri- 
dotites, Dick and Sinton®® concluded that dissolution creep may 
be the dominant mechanism for both deformation and composi- 
tional layering in a partially molten upper mantle under spread- 
ing centres. Recent hot-pressing experiments by Cooper and 
Kohlstedt*” on olivine-basalt assemblages to simulate dissol- 
ution creep in a peridotitic upper mantle indicate that the 
viscosity contrast between melt-free and partially molten mantle 
would be >1 and <10. This suggests that the choice of observed 
length- and timescales of magmatic activity on mid-ocean ridges 
and the proposed theory are appropriate, and if tighter con- 
straints on these scales and on pn, H1, c or Ap could be achieved, 
a more refined theory (tested carefully by laboratory or numeri- 
cal experiments) may lead to a clearer understanding of upwel- 
ling under spreading centres. 

From this study we conclude that any spreading boundary in 
the world’s ocean basins would exhibit an even and predictable 
segmentation. Evaluation on the proposed 30-85-km length 
scale of other existing spreading centre data, as well as additional 
high-resolution surveys of seafloor spreading boundaries are 
required to determine whether spreading-centre spacing is 
dependent only on spreading rate (indicating a uniform process 
of upwelling beneath ridges on a global scale) or whether a 
consistent spreading-centre spacing and consequent uniformity 
of mantle upwelling should be considered on the regional scale 
of individual plate boundaries, mantle plumes or other 
heterogeneities of the Earth’s mantle. 
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A ‘rescuable’ plasmid containing globin gene sequences allowing recombination with homologous chromosomal sequences 
has enabled us to produce, score and clone mammalian cells with the plasmid integrated into the human B-globin locus. 
The planned modification was achieved in about one per thousand transformed cells whether or not the target gene was . 


expressed, 


VARIOUS methods are available for introducing exogenous 
DNA into mammalian cells'-°, where it can be stably incorpor- 
ated into the genome’. The sites of incorporation have not, 
however, been under control. Results that could be interpreted 
as signifying recombination between incoming DNA and a 
homologous chromosomal gene have been reported by Good- 
enow et alë, who transfected mouse L cells with truncated H-2 
genes and observed the expression of full-length H-2 antigens. 
They did not test this interpretation. Yoshie et al? have made 
. similar observations in experiments with truncated HLA genes; 
limited DNA sequence analysis showed that homologous re- 
combination with known HLA genes could not account for their 
data. 

The series of experiments reported here shows that homolo- 
gous recombination between exogenous DNA and a chromo- 
somal gene does occur in cultured mammalian cells and can 
allow the stable insertion of defined DNA sequences into the 
human -globin locus in a predictable fashion. Although the 
frequency of success (~10~° of the transformed cells) is at 
present modest, the data show unequivocally that the planned 
modification of a specific human gene is possible in vivo. — 

We chose the human £-globin locus as a target for gene 
modification for three reasons: (1) the desirability of eventually 
being able to correct harmful mutations at this locus in patients 
with thalassaemia and sickle-cell anaemia; (2) mammalian bone 
marrow stem cells are likely to become available within the 
foreseeable future in quantities and purity sufficient to allow 
tests of the targetted modification with stem cells; and (3) the 
availability of cloned and sequenced DNA covering much of 
the locust®t, 

The rationale used to direct the incoming DNA to the -globin 
locus ıs derived from experiments in yeast by Hinnen et al.” 
showing that recombination between incoming DNA sequences 
and homologous sequences within the genome can direct the 
exogenous DNA to the desired locus. A refinement, based on 
work in yeast by Orr-Weaver et al., is to cut the incoming 
DNA within the region of homology using a suitable restriction 
enzyme. In a previous study'*, we showed that the provision of 
such recombinogenic ends greatly increases homologous re- 
combination between plasmids in mammalian somatic cells. 
This suggests that cutting within the region of homology may 
also significantly increase the frequency of directed gene 
modification in mammalian cells. 


Detecting target gene modification 


Figure 1 shows the planned modification to the human £-globin 
locus, that is, the integration by homologous recombination of 
a single copy of a test plasmid into the locus at a defined position. 
To achieve this modification, we constructed a special test plas- 
mid, pA$117, that could also be used in a sensitive screening 
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Fig. 1 Planned modification of the human B-globin locus. a, Map 
of normal human DNA encompassing the adult 6- and B-globin 
genes, with their coding regions and introns indicated by solid and 
open bars, The transcriptional sense of these genes ts from left to 
right. All XbaI sites are shown. Only one of two BstXI sites in 
the region is indicated; the other, omitted for clarity, is in the third 
exon of the B-globin gene. b, The 13.1-kb test plasmid, pAB117, 
used as a vehicle to achieve and detect the targetted modification. 
Human globin locus DNA sequences (4.6 kb) in the test plasmid 
are indicated by a heavy line that ıs aligned appropriately with a 
(The sequences extend from the first EcoRI site upstream of the 
B-globin gene to the BamHI site at the 3’ end of the second exon.) 
The 5’ part (AB) of the B-globin gene within these sequences 
includes the first exon and most of the second exon (shown by 
solid bars) and the first intervening sequence (open bar) but does 
not include the second intervening sequence, IVS-2. The light 
line shows sequences largely derived from the plasmid pSV2Neo'® 
from which pAf117 was constructed. The neo gene 1s indicated 


" by a crosshatched arrow (not to scale) that also shows its transcrip- 


tional orientation. The boxed letter S (not to scale) represents the 
supF gene, which encodes a tyrosine tRNA able to suppress some 
amber mutations in E. coh. The supF gene was taken from the 
plasmid paVX of Seed?’ together with a polylinker that provided 
the adjacent Xbal site. The naturally occurring BstXI site within 
the globin sequences of pAfB117 is indicated; this 1s the only BstXI 
site within the test plasmid. It was cut as indicated before introduc- 
ing the plasmid into recipient cells. e Map of the B-globin locus 
as it should appear after the planned modification by homologous 
recombination. Horizontal bars at the bottom of c show regions 
in the modified B-globin locus to which the two probes used in 
the assay will hybridize. 
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Table 1 Fragment rescue from cells not expressing (EJ) or expressing (Hu 11) the 8-globin gene 


Total Phage 
G418- genomic Phage Phage hybridizing 
resistant DNA assayed Total growing hybridizing to B and 
Cells colonies (wg) phage* on C-la to B probe IVS-2 probest 
EJ carcinoma (no G418) [405]} 100 6.3 x 108 2,520 125 1 
EJ carcinoma (no G418) [1,530] 50 3.4x10° 820 24 1 
Hu 11 hybrid (+G418) 4,400 ~20 2.4 x108 1,420 i 145 2 
(5 5-8.5-kb 
fraction) 
Hu 11 hybrid (+G418) 4,400 ~ 20 14x108 1,760 60 0 
(8.5-16 5-kb 
fraction) 





Cells were transformed with på 8117 cut with BstXI and grown in the absence or presence of G418, as indicated below DNA was prepared, 
digested with XbaI and assayed for fragment rescue. Nine dishes of human EJ bladder carcinoma cells (5 x 10° per dish) were treated with calcium 
phosphate precipitates of carrier-free pAB117 DNA, linearized by cleavage with BstXI, at either 1 pg (first line) or 8 wg (second line) per dish. 
After 3-4 days of culture in medium without G418, the cells were collected for DNA preparation and the DNA was digested with XbaI. 10° Hu 
11 hybrid cells (see text), grown in HAT medium, were suspended in 1 ml 140 mM NaCl, 25 mM HEPES, 0.75mM Na,HPO,, pH 7.15, in the 
presence of 25 ug ml~! BstXI-digested pAB117 DNA. Electroporation*” was carried out in an 1ce-cooled 0.5 ml treatment vessel with 1 cm? platinum 
end-electrodes A solid state electronic switch was used to discharge a bank of condensers (effective capacitance 14 pF charged to 1,000 V) through 
the treatment vessel. HAT medium was added 10 min after the shock and the cell suspension was dispensed into four culture flasks, except for a 
small amount used for estimating transformation frequencies. Two days later an equal volume of HAT medium containing G418 was added to all 
cultures to give a final concentration of 400 pg G418 ml~'. Subsequent medium changes every three days used HAT medium plus 400 pg G418 ml7". 
DNA was prepared from the cells grown in each of the four culture flasks (estimated to contain 1,100 G418-resistant colonies per flask), and from 
these samples a pool of DNA was prepared equivalent to 4,400 colonies. After Xbal digestion the pooled DNA was separated by agarose 
electrophoresis into two fractions: 5.5-8.5 kb and 8.5-16.5 kb. The Xbal-digested DNA in all the experiments was ligated to DNA from the 
double-amber mutant bacteriophage Charon 3AAXba, made from Charon 3AALac** by adding an Xbal cloning site and deleting 1 8 kb (net) of 
DNA to increase its cloning capacity to ~11 kb The ligated DNA was packaged* into viable phages using sonic extracts and freeze-thaw lysates 
prepared from recA” strains of E. colt. The total number of phages was assayed on E. colt strain K802, which suppresses the amber mutations. 
Phages that rescued the supF gene from the genomic DNA or lost their amber mutations during the packaging (see text) were assayed on late 
logarithmic cells of E. coli strain C-1a, which cannot suppress amber mutations. Phage plaques on strain C-1a were blotted twice with nitrocellulose 
and hybridized to two probes (see Fig. 1) a 8 probe which will hybridize to the human globin sequences in the test plasmid pA@117, and an IVS-2 
probe which will hybridize only to phages containing the 3’ part of the B-globin gene that was not in the incoming test plasmid. (The 8 probe is 
a 5,548-bp EcoRI fragment that includes the 5’ part of the human 8-globin gene; the IVS-2 probe ıs a 917-base pair BamHI/ EcoRI fragment that 
spans the B-globin [VS-2 sequence.) 

* This total, obtained from titration on E. colt K802, includes recombinant and non-recombinant phages, because the Charon 3AAXba vector 
phage will grow on K802 with or without an insert. 

+ These doubly hybridizing phages were examined at the DNA level by electrophoresis and were shown to contain the predicted 7.7-kb Xbal 
fragment. 

+ The cells used for DNA preparation were not exposed to G418. These estimates of G418-resistant cells are calculated from small parallel samples. 


assay to detect and measure the frequency of the targetted 
modification’. Because it is a screening method, the assay allows 
a target gene to be chosen for which no direct selection method 
is available. It depends on rescuing DNA sequences correspond- 
ing to the input DNA from the genome of the recipient cells, 
together with genomic sequences next to this DNA, and then 
determining whether the adjacent sequences correspond to the 
expected region of the target locus. 

The test plasmid pAf117 incorporates four important ele- 
ments. The first is 4.6 kilobases (kb) of DNA from the human 
B-globin locus, including the 5’ part of the adult human £-globin 
gene but lacking the second intervening sequence (IVS-2) and 
the remaining 3’ portion of the gene. This DNA provides sequen- 
ces in the incoming test plasmid that can recombine with 
homologous target sequences in the B-globin locus of the 
recipient cell to accomplish the planned modification. Within 
the 4.6-kb element is a single BstXI site used to cut the incoming 
plasmid in the region homologous with the target. 

The second element is sequences from the plasmid pSV2Neo 
of Southern and Berg’® that specify the neo gene and associated 
transcriptional signals. These sequences can confer resistance 
to G418 (an antibiotic related to neomycin) on mammalian cells. 
In some experiments, we used G418 to select recipient cells that 
had incorporated the test plasmid in a configuration in which 
the neo gene was functional. 

The third element in pAB117 is the supF gene, which encodes 
a tyrosine transfer RNA that suppresses several amber mutations 
in Escherichia coli and its bacteriophages. When this suppressor 
gene is inserted into a mutant bacteriophage, carrying amber 
mutations preventing the phage from growing, the amber muta- 
tions will be suppressed and the phage will grow. We used a 


double-amber mutant bacteriophage cloning vector (Charon 
3AAXba’°) in a variation of a scheme described by Seed!’ to 
rescue supF-containing sequences from the recipient mam- 
malian cell genome. Only those phages that have rescued the 
supF gene will, in principle, grow on a wild-type strain of E. 
coli (C-la) that lacks amber suppressors. (In practice, phages 
also grow that have lost both their amber mutations by re- 
combination during packaging of the phage DNA'®, but these 
phages do not contain any globin sequences and so do not 
compromise the assay). 

The fourth important element in pAf117 is a site for the 
restriction endonuclease XbaI located upstream of the supF 
gene relative to the human -globin sequences. In conjunction 
with a second XbaI site downstream of the adult B-globin gene 
in the normal human genome, this XbaI site generates a novel 
7.7-kb XbaI fragment of DNA when homologous recombination 
has accomplished the planned modification (see Fig. 1). The 
7.7-kb XbaI fragment is unique among the supF-containing 
genomic fragments rescued during the assay because it is the 
only one that contains both the supF gene and the IVS-2 part 
of the B-globin gene. 

Thus, the overall procedure consists of the following stages: 
(1) introduction of the test plasmid DNA into the recipient cells; 
(2) in most experiments, selection with G418 of those cells that 
have incorporated the test plasmid into their genomes; (3) 
preparation of DNA from pools of these transformed cells; (4) 
digestion of DNA from the cell pools with the restriction enzyme 
Xbal; (5) ligation of the resulting genomic DNA fragments to 
DNA from the double-amber mutant vector phage (Charon 
3AAXba), packaging of the ligated DNA into viable phages and 
plating them on E. coli C-la which lacks any suppressor genes; 
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Table 2 Fragment rescue from pools of transformed Hu 11 hybrid cells 
Total Phage 
genomic Phage Phage hybridizing 
Pool Number of DNA assayed Total growing hybridizing to 8 and 
description colonies (xg) phage” on C-la to B probe IVS-2 probes 
Flask 1 1,100 40 1.3 x 10° 2,650 381 1 
Flask 2 1,100t 20 2.6 x 108 800 60 ] 
Flask 3 1,100 20 2.7x 108 570 61 2 
Flask 4 1,100 40 9.4 x10? 1,630 265 0 
Flask 5 3004 20 2.2 «10° 150 25 3 
Flask 6 1004 ~40 2.8 x 10° 440 41 0 
Pool 1 204! 40 7.510? 115 36 8q 
Pool 2 204! 20 3.3 x10” 53 22 0 
Poo! 3 20+! 20 2.2 x10? 25 11 0 





Hu 11 hybrid cells were transformed by electroporation to G418 resistance as in Table 1, except as noted below, and were cultured in flasks or 
as pools of individual colonies as indicated. DNA was isolated, digested with Xbal and assayed as described in Table 1. 


* Total includes recombinant and non-recombinant phages. 
t Estimated from a small sample. 


+ Pooled from individual G418-resistant colonies obtained following electroporation in the presence of 12.5 pg ml7' pA8117 cut with BstXI. 
| Cells from a frozen sample of flask 5 were thawed, recloned, amplified and pools of 20 individual colonies were prepared; as a consequence 


of this procedure the colonies in these pools are no longer independent. 


1 Representative phages were examined at the DNA level by electrophoresis, and were shown to contain the predicted 7.7-kb XbaI fragment. 
The XbaI fragment from one doubly hybridizing phage was subcloned and shown, by further digests, to have the expected map, including the 


supF gene. 


(6) scoring the resulting phages for hybridization to two probes 
(see Fig. 1). The first probe (the 8-probe) identifies phages that 
have rescued any human globin sequences derived from the 
incoming test plasmid. The second probe (the IVS-2 probe) is 
made from the IVS-2 portion of the human £-globin gene that 
was absent from the incoming test plasmid but will be next to 
plasmid-derived globin sequences after the planned 
modification. Doubly hybridizing phages detect and score the 
occurrence of the modification. They can be purified and further 
checked by electrophoresis to ensure that they contain the pre- 
dicted 7.7-kb XbaI fragment. 


Preliminary work 


In initial experiments’> we had transformed human EJ bladder 
carcinoma cells to G418 resistance with various test plasmids 
of the same general design as and including pAB117, but no 
successful modification of the native B-globin gene was detected 
in ~3,000 independent G418-resistant colonies sampled. This 
result was surprising because we were successful when using an 
incoming plasmid to correct a defective chromosomal plasmid 
that we had introduced into the genome as an artificial target’ 
(see also similar experiments by Smith and Berg”? and Lin et 
al?™?! and related experiments with viral sequences by Shaul 
et al.*), A possible explanation for this initial failure is that the 
combination of G418 selection and bladder carcinoma cells that 
do not express their -globin genes is inappropriate. Specifically, 
any carcinoma cells in which the desired modification has been 
achieved might not survive G418 selection if the location of the 
inserted DNA within an inactive chromosomal locus prevents 
expression of the neo gene. Two sets of tests were carried out 
to avoid this problem. In the first, G418 selection was omitted. 
In the second, we used recipient cells in which a human adult 
B-globin gene was being expressed. 


Tests without G418 selection 


Human EJ bladder carcinoma cells not expressing their B-globin 
genes were used as recipients for incoming plasmid DNA in 
two experiments omitting G418 selection. Details of these 
experiments and their results are presented in Table 1. One 
phage from each experiment hybridized to both probes. Each 
was plaque-purified and its DNA was shown to contain the 
expected 7.7-kb Xbal fragment. Additional digests with EcoRI 
and BamHI confirmed that the XbaI fragment had the map 
expected for a complete B-globin gene" including IVS-2. These 
experiments are therefore strong evidence that the locus has 


been modified in the predicted fashion in these cells not express- 
ing the B-globin gene, and that the modification can be detected 
when G418 selection is omitted. Although the experiments were 
based on the supposition that the neo gene cannot be expressed 
when inserted into an inactive B-globin locus, they do not prove 
that the supposition is correct. 


Cells expressing a human -globin gene 


The second set of tests required a clonable recipient cell express- 
ing the human adult B-globin gene. A cell line described by 
Zavodny et al.” meets these criteria. It was made by fusing 
hypoxanthine phosphoribosyltransferase-deficient tetraploid 
mouse erythroleukaemia cells to diploid human fibroblasts bear- 
ing an X;11 translocation chromosome and selecting for growth 
in medium containing hypoxanthine, aminopterin and 
thymidine (HAT medium). The resulting hybrid cell line, which 
we term the Hu 11 hybrid, expresses the adult B-globin gene 
on human chromosome 11 at a measurable level in the absence 
of induction, and at a high level after induction with dimethyl 
sulphoxide”. 

Hu 11 hybrid cells were transformed to G418 resistance by 
pAB117 cut with BstXI using electroporation as described in 


-Table 1. A pool of DNA representing 4,400 G418-resistant 


colonies of transformed cells was prepared and digested with 
Xbal. Agarose gel electrophoresis was used to prepare two size 
fractions from this DNA. One fraction covered the size range 
5.5-8.5 kb and the other the range 8.5-16.5 kb. Using this size- 
fractionated DNA served two functions: it reduced the total 
amount of DNA to be packaged and it eliminated a conceivable 
artefact, namely that the diagnostic 7.7-kb XbaI fragment might 
be formed from the 11-kb XbaI fragment that includes the 
B-globin locus in unmodified recipient cells (see Fig.1) by 
homologous recombination during the phage packaging”? 
subsequent steps of the assay. 

The results obtained with the two fractions are shown in Table 
1. Two doubly hybridizing phage were detected with the 5.5-8.5- 
kb fraction but none was found in the 8.5-16.5-kb fraction. 
Because the doubly hybridizing phages were obtained with 
<8.5 kb DNA, this result excludes the possibility that they were 
formed from the unmodified 11-kb XbaI fragment during the 
assay. The doubly hybridizing phages were plaque-purified and 
shown to contain the predicted 7.7-kb XbaI fragment. These 
experiments thus provide strong evidence that the planned 
modification has been achieved in Hu 11 hybrid cells expressing 
the -globin locus and that G418 selection does not kill the 
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Fig. 2 Nitrocellulose blot of Xbal digests (lanes a-j) of DNA 

from 10 G418-resistant colonies (A-J) from pool | (see text and 

Table 2) hybridized to the IVS-2 probe specific for the human 
B-globin gene. Measured fragment sizes are shown in kb. 


resulting cells. Accordingly, we used the assay in conjunction 
with a sib-selection procedure to identify and isolate from the 
G418-resistant cells a clone containing the modified B-globin 
locus. 


Clone isolation 


The pooled DNA studied in the preceding section was made 
from four flasks of cells each containing an estimated 1,100 
G418-resistant colonies. In similar experiments we prepared two 
flasks containing pools of 300 or 100 isolated individual colonies, 
respectively (see Table 2 for data obtained with these six flasks), 
Three of the 1,100-colony flasks and the 300-colony flask scored 
positively, whereas the other two flasks were negative. Thus, the 
presumptive modification is being accomplished about once per 
300*to once per 1,100 cells transformed to G418-resistance. 

Because the 300-colony flask scored positviely, we thawed a 
frozen sample of cells from this flask and recloned them. The 
resulting clones were expanded and samples were taken to create 
several 20-colony pools. (Note that because these colonies are 
subclones from one flask, they are no longer independent.) DNA 
from three of the 20-colony pools was tested; pool 1 scored 
positively whereas pools 2 and 3 did not (Table 2). Accordingly, 
we prepared and tested directly DNA samples from each of the 
20 individual colonies constituting pool 1. 


Direct test of modification 


Figure 1 shows how the planned addition of the 13.1-kb test 
plasmid to the human B-globin locus will alter the restriction 
map of the locus. The most obvious predictions are that the 
diagnostic 7.7-kb XbaI fragment should be detectable by the 
B-globin IVS-2 probe in Southern blots of DNA from the 
modified cells, and that this fragment should replace an 11-kb 
Xbal fragment present in the DNA of unmodified cells. 

Figure 2 shows a Southern blot of XbaI digests of DNA from 
10 of the 20 colonies comprising pool 1. In one of the colonies 
(J) the predicted change is seen; a 7.7-kb Xbal fragment has 
replaced the usual 11-kb fragment from the unmodified locus. 
(The same result was also seen in another colony, P, in the 
remaining 10 colonies of pool 1.) As no residual 11-kb fragment 
is present, the modified colony probably has only one copy of 
the B-globin locus. (Karyotyping of comparably treated Hu 11 
hybrid cells showed only one chromosome with the banding 
pattern of human chromosome 11.) Thus, the fragment rescue 
assay for the planned modification is validated in that it led us 
to two not necessarily independent colonies in which the 
modification is demonstrable by direct tests. 


Fidelity of modification 


To determine whether the modification is the sought-for simple 
one-copy insertion of pAB117, digests of genomic DNA from 
one of the modified colonies (P) were hybridized to several 
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Fig. 3 Nitrocellulose blots of digests of DNA from two of the 
G418-resistant colonies from pool 1 (see text and Table 2) and 
from untreated Hu 11 hybrid cells. The blots were: a, Xbal digests 
hybridized to a probe specific for pSV2Neo-derived sequences; b, 
Xbal digests hybridized to probes specific for the IVS-2 of the 
human 6-globin gene and for pSV2 Neo sequences; c, BstXI digests 
hybridized to a probe specific for pSV2Neo sequences. Samples 
are: Hy, untreated Hu 11 hybrid cells; L, the G418-resistant colony 
L; P, the G418-resistant colony P. Measured fragment sizes are 
shown in kb. 


probes (Fig. 3). As controls, DNA was included from untreated 
Hu 11 hybrid cells and from one of the other colonies (L) in 
which pAf117 was incorporated at a non-globin location. 

Figure 3a shows Xbal digests of the samples hybridized to 
a probe (pSV2Neo) that will detect most of the non-globin parts 
of inserted pAB117 sequences. The modified colony P gives only 
one hybridizing band at 16.5 kb. This shows that the map is 
altered as expected (see Fig. 1) from the insertion of only a 
single copy of pAB117 between the ô- and B-globin genes, and 
it also shows that no plasmid sequences were incorporated into 
other (illegitimate) sites in the genome of the modified colony. 
Colony L also gives a single hybridizing band indicating the 
incorporation of påß8117 sequences into the recipient cell 
genome at only a single location, but the size of the fragment 
(12 kb) demonstrates that the incorporation was not at the 
targetted site. The untreated Hu 11 hybrid cells show no plasmid 
sequences. 

Figure 3b, obtained by hybridizing a probe specific for the 
human 6-globin gene to the blot used for a (already hybridized 
to pSV2Neo) confirms and extends these conclusions. Colony 
P still shows only the single 16.5-kb band that contains both 
plasmid sequences and the 6-globin gene. In contrast, colony 
L now shows two bands, because the plasmid sequences and 
the 5-globin gene are on different Xbal fragments (12 and 11 kb, 
respectively). The untreated Hu 11 hybrid cells show only the 
11-kb fragment from the unmodified locus. 

Because BstXI was used to create recombinogenic ends on 
the incoming plasmid, a BstXI digest of DNA from the modified 
colony is particularly informative. Accurate insertion of a single 
copy of the test plasmid without any net degradation should 
result in two BstXI sites (see Fig. 1) separated by the length of 
the plasmid (13.1 kb). Figure 3c shows that such a 13.1-kb 
fragment, detected by the plasmid-specific pSV2Neo probe, is 
indeed present in BstXI digests of DNA from the modified 
colony P. Colony L, having the plasmid inserted at an illegitimate 
site, gives a different and unpredictable BstX1 fragment at 7.6 kb. 

We conclude that the modification observed in the Hu 11 
hybrid cells was the sought-for insertion of a single copy of the 
test plasmid into the -globin locus. As the modified colonies 
are G418 resistant, our results also establish that the neo gene 
inserted into an active B-globin locus can be expressed even 
though its transcriptional orientation is opposite from that of 
the B-globin gene. 






Conclusions 

The experiments reported here establish that the planned 
modification of a specific human gene can be accomplished in 
mammalian cells by homologous recombination without detect- 
ably affecting other parts of the genome. Our assay data indicate 
that the modification was achieved whether or not the target 
: gene was active. When it was active we were able to use selection 
of the inserted sequence to help clone the modified cells. 
Although many other problems remain to be solved, these results 
suggest that specific planned modifications of the B-globin locus 
_in bone marrow stem cells may eventually be possible for the 
treatment of patients with haemoglobinopathies such as 
‘thalassaemia and sickle-cell anaemia. Regardless of whether this 
= long-term goal can be made practical, it is evident that extensions 
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of the principles we have used here to other genes in complex 
eukaryotes should permit new approaches to many problems in 
molecular genetics. 
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New upper bound on the 
flux of cosmic magnetic monopoles 


A. D. Caplin, C. N. Guy, M. Hardiman*, J. G. Parkt 
& J. C. Schouten 


Blackett Laboratory, Imperial College, London SW7 2BZ, UK 


Grand unification theories (GUTs) suggest that massive magnetic 
monopoles (mass ~ 10'° GeV) were created in the very early stages 
ef the formation of the Universe. The report, 3 years ago’, of a 
candidate cosmic magnetic monopole therefore stimulated intense 
_~ experimental and theoretical activity?”. These monopoles should 
‘have the magnetic charge h/e predicted by Dirac’, or perhaps 
small integer multiples of h/e, but zero electric charge. Surviving 
magnetic monopoles are thought to be moving so slowly, v/e = 107° 
‘or less, that they interact exceedingly weakly with matter. For this 
reason, conventional particle detectors (whose mechanism is elec- 
-. tronic ionization or excitation) are expected to be rather insensi- 
> five”, so that inductive detectors are particularly attractive. We 
= describe here the results of 6 months observation with a large 
-. inductive detector. Some putative events have been seen, but none 
i of them seem to have been induced by a monopole. Our total 
exposure (detector area-time product) is now about 230 times that 
ef Cabrera’s first experiment, so that it seems increasingly likely 
-o that his original candidate event was spurious. 
_ A Dirac monopole traversing an isolated closed conducting 
Joop induces a current, by Faraday’s law of induction, that 
-generates magnetic flux equal to h/e (=4.1x 107! Wb), 
equivalent to 25, where ®, is the magnetic flux quantum 
_ associated with superconductivity. No other particle will induce 
= anet current, and furthermore the size of the current is indepen- 
dent of the trajectory and speed of the monopole. In practice, 
the detector loop is best made superconducting, so that the 
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induced current is permanent and more easily measurable. 
Fluctuations in the ambient magnetic field would also cause 
flux changes in the detector loop, so that good magnetic screen- 
ing is essential. A convenient and effective way to do this is to 
surround the detector loop with a superconducting shield; 
however, the magnetic coupling (mutual inductance) between 
the loop and the shield complicates matters: the larger the size 
of the loop relative to the shield, the greater the coupling and 
the more the magnitude of the induced current in the loop 
depends on the details of the monopole trajectory. 

Cabrera’s original detector was a 50-mm diameter loop within 
a 200-mm diameter superconducting shield, and his detection 
of a single candidate event after 6 months of observation was 
at odds with the astrophysical limit® on the number flux of 
cosmic monopoles derived from the persistence of galactic mag- 
netic fields. Cabrera’s single candidate monopole, if genuine 
and if interpreted as a rate, implied a number flux some 6 orders 
of magnitude greater than this astrophysical upper bound. 

Our inductive detector contains three independent supercon- 
ducting detector loops within a single superconducting shield, 
960 mm high and 234 mm in diameter (Fig. 1). The two horizon- 
tal loops each have a single turn of diameter 170mm and a 
counterwound 10-turn coil of diameter 54mm to reduce the 
magnetic coupling to the shield’. The ‘window-frame’ (WF) 
loop, in contrast, is deliberately strongly coupled to the shield, 
but it is sensitive to all monopole trajectories intersecting the 
shield other than those nearly on axis®. While this design maxim- 
izes the effective detector area, it does sacrifice the valuable 
identifying feature of a single well-defined signal magnitude 
from passage of a monopole. There is partial coincidence 
between the three loops: trajectories that intersect either the top 
(T) or bottom (B) loops have high probability, ~95%, of giving 
a significant signal in the WF loop. The probability of coin- 
cidence between B and T loops is ~7%. Only about 10% of 
the tracks giving a signal in the WF loop intercept either the B 
or T loops. Each of the detectors is fitted with a toroidal calibra- 
tion coil that can be energized externally, so as to simulate a 
monopole. Our inductive detector is, we believe, one of the two 
largest now in operation, being comparable in size with that 
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Fig. 1 Configuration of three independent loops in the Imperial 

College monopole detector. The superconducting shield is indi- 

cated by the broken line. For clarity, the SQUIDS (which are 

positioned near the top of the shield), calibration coils and other 
details have been omitted. 


used by Incandela et al.”, although substantially larger detectors 
are being built elsewhere (refs 10, 11 and P. Chaudhari, personal 
communication). 

The detector assembly sits in liquid helium in a large vapour- 
cooled cryostat that is surrounded by a set of five concentric 
mu-metal shields at room temperature. The ambient field in the 
detector region is thereby reduced to ~107°T, and is held 
constant by the superconducting shield. The equipment is sited 
in the building basement, and is isolated as well as possible 
from vibration, RF (radiofrequency) interference, and so on. 
The currents in the three detectors are measured by commercial 
SQUID (Superconducting Quantum Interference Devices, SHE 
Corporation) sensors with bandwidths set to 10 Hz; their out- 
puts, together with those from an accelerometer attached to the 
top of the cryostat, a magnetometer sensing the external mag- 
netic field, an RF interference monitor, and a sensor on the 
helium pressure within the cryostat, are sampled 20 times per 
second by a computer-controlled data acquisition system. A 
simple step-detecting algorithm is applied to each of the detector 
channels; if it is triggered, full data on all channels for 300s 
pre-trigger and 100s post-trigger are dumped to disk for later 
analysis. Routinely, the computer plots out minimum and 
maximum values for each channel in every 100s period, and it 
is supplemented by conventional chart recorders, operating at 
1-Hz bandwidth, on the three detector outputs. Full details of 
the detector will be published elsewhere’. 

For an event to be considered as a candidate monopole, other 

possible causes, such as mechanical shock, must be absent. Also, 

because the transit time of even a very slow monopole would 
be fast compared with the rise-time of the electronics (65 ms 
for 0-90% ), a candidate event must appear on the record as 
bandwidth-limited. For the B and T channels, the event magni- 
tude should be close to 25, and is almost certain to be accom- 
panied by a simultaneous event in the WF channel. On the other 
hand, events in the WF channel can have any size between 0 
and 1, (Fig. 2), and there need not be coincidences with the 
B or T channels. 

Our detector started taking data intermittently in May 1984, 
and has been running continuously since 28 September 1984, 
with just 2 or 3h ‘dead time’ each week when the helium is 
refilled. As at 15 April 1985, total exposure is 4,850 h. 

To date, some 90 ‘events’ have been triggered. In most cases, 

' the cause has been obvious immediately, for example: operator 
error, gross mechanical shock, or the helium level being allowed 
to fall below the top of the detector assembly. All three detectors 
appear to be fairly immune to magnetic and RF disturbance, 
but the WF loop is orders of magnitude more sensitive than the 
B and T loops to mechanical shock and to variations in the 
pressure above the helium bath; it is almost certain that the 
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Fig.2 Summary of the 12 ‘non-trivial’ events recorded up to 15 
April 1985. Their likely causes are discussed in the text, and none 
of them are serious candidate monopoles. The broken lines show 
the calculated distribution of event sizes for an isotropic influx of 
Dirac monopoles (the large peak near zero in the top and bottom 
loops arises from monopole trajectories that pass through the 
annular region between the loop and the shield); the hatched 
region near each origin represents events too small to trigger the 
data acquisition system. 


pressure changes matter because of their indirect mechanical 
effect. The greater sensitivity of the WF loop arises because it 
is tightly coupled both mechanically and magnetically to the 
superconducting shield, and it therefore responds to any shield 
deformation, whereas the B and T loops are effectively 
decoupled from the shield. 

External shocks of significant magnitude have been rare and 
readily identifiable. Much more troublesome have been the 
internal shocks generated by thermal expansion inside the cryo- 
stat as the helium level falls and the temperature profile changes. 
As low-temperature physicists know well, this expansion can 
be spasmodic and acoustically noisy. The accelerometer, which 
is mounted at the top of the cryostat, does pick up these internal 
shocks; however, because it is remote from the detector 
assembly, and sensitive to acceleration along a single axis only, 
it does not give a quantitative measure of the effect on the 
detector itself. These internal shocks have been another fairly 
common cause of events, particularly in the WF channel. 

Elimination of the events with obvious causes leaves 12 non- 
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Table 1 Near-coincident shocks and events in the WF channel 


Delay 
between Ambient 
Event shock shock 
Event sıze Shock and event frequency 
no. (@) (107g) (s) (h7") Background 
34 —0.43 10 143 1 
35 —0.41 4 23 o} Stable 
74 +0.14 4 10 l 
42 +0.29 6 100 5 Drifting 
43 +0.18 5 —107 5 because 
44 +0.36 6 —65 5 of pressure 
56 +0.22 10 103 <1 changes 





The shock size is that recorded by an accelerometer mounted at the 


top of the cryostat, so that it is only a qualitative indicator of the shock ° 


to the detector assembly. The ambient shock frequency indicates the 
incidence at that time of shocks of that size. 


trivial events. Because there have been no coincidences between 
the channels, we discuss the non-trivial events in each channel 
in turn, The distribution of events is shown in Fig. 2. 

(1) Top detector: eight non-trivial events. One of these 
(—1.07 o) occurred 2 days after initial cooldown; the cluster 
of six around +1 ®, were all in the 36 h following excitation of 
the calibration coil with too large a current. We believe that 
these seven events represent the decay of standing current in 
this detector loop, caused by an imperfect superconducting joint 
behaving as a weak link; flux changes would then be expected 
to occur in units of ®,. We have other evidence for the presence 
of a weak link in this loop. On initial cooldown the current in 
it drifted steadily for several hours before stabilizing suddenly; 
a weak link with a normal state resistance of ~107*' ohm would 
account for the observed behaviour. These events, given that 
our interpretation is correct, provide an independent check of 
our calibration procedure: they have mean value 1.02 + 0.02 Bp. 
The rise-times of these seven events were all long, 0.5-2 s. The 
other event in this channel, of 0.6%), had an even slower 
rise-time (=5 s) but no evident cause. All of these events fail as 
candidate monopoles becuase of slow rise-times, incorrect mag- 
nitude, and lack of a coincident signal in the WF channel. 

(2) Bottom detector: 1 non-trivial event. This event was very 
slow, =10 s, and had been preceded by slow drifts for several 
hours. It can be excluded as a monopole candidate because of 
the unstable background and slow rise-time, and also because 
of incorrect magnitude and lack of a coincident signal in the 
WF channel. 

(3) Window frame detector: 3 non-trivial events. These three 
events all had bandwidth-limited rise-times, and occurred at 
times when the detector output was stable, without any coin- 
cident mechanical shock, pressure pulse and so on, so they at 
first appeared to be lacking any extraneous cause. 

However, inspection of the detailed data revealed that for 
each of the events there was a preceding mechanical shock, as 
listed in Table 1. Of course, mechanical shocks do occur con- 
tinually, and usually without affecting the detector. The question 
then is whether there is a statistically significant correlation 
between the shock and event. The frequency of shocks of the 
relevant size at the appropriate times was low on all three 
occasions, so that the chance of random association of the shock 
with the event was always <10%. 

In an endeavour to find a causal explanation for these events, 
we searched the records of putative events that had been rejected 
for other more obvious reasons (such as, helium level low, and 
concurrent pressure changes). In addition to several events with 
simultaneous shock, there were four events with statistically 
significant ‘near-coincident’ shocks, two of which had the shocks 
following the events (Table 1). In these four events, the pressure 
had been changing rapidly, and we believe that that caused 
mechanical movement giving rise to both shocks and events. 

A puzzling feature of all of these ‘near-coincident’ shocks and 
events is the extended time interval, 10-140 s, between the two 
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(in the events we have described as being caused by coincident 
shocks, the shock and event have been simultaneous within the 
50-ms time resolution of our data acquisition system). It seems 
strange too that the two largest of these putative events (numbers 
34 and 35), which occurred 10 days apart, have the same size 
and sign. 

Although we are lacking a satisfactory causal explanation of 
putative events numbers 34, 35 and 74, the strong circumstantial 
evidence of the near-coincident shocks excludes them as candi- 
date magnetic monopoles. Both shock and event were probably 
caused by thermal expansion, and if we had a vibration sensor 
on the detector assembly itself, the explanation may have been 
obvious. 

In conclusion, we have seen no serious candidate monopole 
events. Our total detector area, allowing for overlap, is 0.17 m? 
averaged over 47, and active observation time to date is 4,850 h. 
This area~time product corresponds to 230 ‘Cabreras’, the unit 
of exposure equivalent to that of Cabrera’s original experiment. 
The upper limit (at 90% confidence level) from our experiment 
on the cosmic monopole flux is 6107! cm~? st™! s7!; taken 
together with the negative results reported recently (refs 9, 11, 
13 and P. Chaudhari and B. Cabrera, personal communica- 
tions), and disregarding Cabrera’s original candidate event, the 
experimental upper bound on the flux now stands at 2x 
107’? cm~? sr~! s~!, which is still three orders of magnitude 
greater than the Parker limitó. 
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Association of the 6-ms pulsar PSR1953 
with the COS-B y-ray source 2CG065 
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A systematic search for fast radio pulsars in the error boxes of 
the low energy y-ray sources detected by the COS-B collaboration 
led to the discovery’ of a 6.1-ms radio pulsar PSR1953+29 in a 
binary system with orbital period of 120+ 4 days inside the error 
box of 2CG065 + 0. It was not possible to associate unambiguously 
the two objects without either a precise position for the y-ray 
source or the detection of 6.l-ms pulsed y rays. Following the 
determination of a more accurate orbital ephemeris for the radio 
pulsar, we have examined our data for evidence for pulsed TeV 
y rays. Here, we report the detection of such y rays with the 
characteristic 6.1-ms periodicity of the radio pulsar. The y rays 
were detected using the ground-based atmospheric Cerenkov tech- 
nique at the University of Durham y-ray facility at Dugway, 
Utah’. This result, significant at the 5.40 level, provides evidence 
for the association of the 6-ms radio pulsar PSR1953+29 with 
the y-ray source 2CG065 + 0. 
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Table 1 The constants of PSR1953 +29 


RA. 19 h 53 min 26.673 s 
Dec: 29° 0° 44.1" 
Epoch: 2445428 .66 
d: 117.34 <0.1 days 
e: <0.001 

A 6 133166 ms 
asın{i y 31 29 light s 


Data from R. Buccheri, personal communication. 


Observations of PSR1953 -+29 were made between 4 July and 
10 October 1983 and during July 1984 using the array of four 
telescopes of the Dugway VHE y-ray facility which have been 
described elsewhere?. The telescopes have an energy threshold 
dependent on zenith angle of ~1 TeV. Three of them have an 
aperture of ~2° FWHM, whilst the fourth has an aperture of 
about 1.3° FWHM. The duration of the 20 individual observa- 
tions varied between 1 and 6h during which the pulsar was 
observed with all telescopes in the tracking mode. The time of 
arrival of a Cerenkov light flash was recorded in Coordinated 
Universal Time (UTC) to an absolute accuracy of 0.5 ms and 
with a resolution of 1 us. The system clock was based on an 
ovened crystal checked against off-air timing transmissions and 
had a stability of better than 1 part in 10°. This allowed reliable 
linking of events with a 6-ms period in phase during a single 
observation but not during the total exposure spanning a year. 
The time of each event has been converted from UTC to Bary- 
centre Corrected Julian Ephemeris Time using the MIT Solar 
System ephemeris’ and the position of the radio pulsar. A further 
correction to allow for the orbital motion of the pulsar has been 
made by adjusting the times to the focus of the binary orbit 
according to the radio measurements summarized in Table 1. 

A homogeneous dataset was compiled comprising only those 
eight observations of at least 4h duration. This enables the 
results of the periodicity searches on individual observations to 
be combined with roughly equal statistical weights. The uncer- 
tainty in our knowledge of the binary orbit and the stability of 
the system clock causes progressive phase errors and precludes 
the use of datasets of 24h or more, in particular the assembly 
of a single large dataset spanning the whole observation period. 
Initially, events were selected that triggered any two of the four 
telescopes (this has been shown“? to increase the sensitivity of 
the telescope array to yrays as twofold telescope responses 
define a narrower effective aperture). The dataset of twofold 
telescope responses (comprising 14,286 events in the 8 observa- 
tions) was obtained during the half of the orbit when the pulsar 
was approaching the Earth, but spanned a year, or approxi- 
mately three orbits. Each individual observation of 4 h or longer 
was tested for periodicity over a restricted range of period 
(6.133162-6.133170 ms). This limited searching for periodicity 
.was necessary to allow (with decreasing effect) for: (1) uncer- 
tainties in the orbital ephemeris; (2) the effects of statistical 
sampling on a true periodicity in sparse data; and (3) residual 
uncertainties in the precise rate of the stabilized 1 MHz system 
clock. The Rayleigh test was appropriate for searching for 
periodicity. In the absence of specific knowledge, or a reasonable 
guess, of the light-curve duty cycle this is the most general test 
and gives the probability that the fundamental of the trial 
periodicity is present, and if present its power. The test is 
‘uniformly most powerful’ for distinguishing between the 
alternative hypotheses of the fundamental power being zero or 
non-zero. We consider that the use of such a general test for 
the initial scanning of a dataset for possible periodicity, although 
it may underestimate the total signal strength, is the most con- 
servative. 

Each of the eight observations was analysed independently 
using the Rayleigh test and the eight probabilities of chance 
occurrence of each of a fixed set of trial periods were combined’. 
This combined probability is shown as a function of the trial 
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Fig. 1 Probability of chance occurrence as a function of the trial 

period. Horizontal bar, expected position of the radio period (see 

Table 1) allowing for the uncertainties in the binary orbit, solid 

line, two-telescope responses; broken line, independent sample 
from the single (sensitive) telescope response 


period in Fig. 1. A 3.5+0.9% periodic excess is found within 
the trial period range, which has a probability of chance occur- 
rence of 1.6 107°. The number of independent trial periods in 
the range: P,=6.133162ms to P,=6.133170ms is (T/P,- 
T/ P,) =3.4 (T = mean duration of an observation), increasing 
the probability of the detection being the result of chance to 
5.4X10™. 

Further totally independent data from the exclusive single- 
telescope responses during the same eight observations is avail- 
able. Such single-telescope responses are less sensitive to y rays 
because of the larger aperture which allow the registration of 
more proton-induced showers. However, one of the four tele- 
scopes had been equipped with new mirrors and has a narrower 
field of view to improve its signal/noise ratio to approximately 
the same as two-telescope responses. This totally independent 
dataset, comprising 17,302 events none of which are considered 
in the twofold set, shows a 3.2+0.8% pulsed signal at a period 
within the sampling range of the periodicity shown by the 
two-telescope responses. This signal is at a significance level of 
4x10 (see Fig. 1). With a signal strength of ~3.5% in narrow 
aperture detection systems we would expect the single-telescope 
responses of the other three wider aperture telescopes to have 
a signal/noise ratio of about 1.5% and hence not show significant 
effects. This is seen to be the case. The overall probability of 
the effect being of chance origin is therefore about 4x107° 
which corresponds to the detection of a 5.4¢ signal. 

The y-ray signal has been investigated on a night-to-night 
basis during the eight longest observations. The average signal 
(y-rays)/noise (cosmic-ray protons in the field of view) for a 
two-telescope response is 3.5% and fluctuates from below the 
background noise level to 8.5%. No pattern is apparent in the 
variation, in that the signal averaged over observations which 
are at similar orbital phases remains at ~3.5%, although in 
some cases the constituent observations are a year apart. Assum- 
ing that the y-ray phases have a Von Mises distribution, we can 
test for constancy of the signal from night to night using an 
established test®. We find that the variation of signal strength 
from night to night is consistent with sampling variations from 
a constant signal strength, but cannot preclude variations from 
zero to about three times the average strength. We can, however, 
exclude the origin of the detected y rays in strong (~30%) but 
brief (of a few minutes duration) outbursts as detected by us 
from the Crab pulsar’ and from Hercules X-1*. The time- 
averaged flux of y rays of energy >2 TeV, the energy threshold 
for the two-telescope responses, is (3+0.8) x107}! cms7!. The 
very high energy (VHE) y-ray luminosity, assuming a distance 
to the pulsar of 3.5 kpc and a differential spectral slope of 3.0 
is (340.8) x10” ergs 1. 

It is not possible to maintain phase from night to night for 
such a fast pulsar in an imprecisely known binary orbit, and 
thus it is not possible to derive an overall light curve for the 
dataset. The light curve for the two-telescope responses on the 
occasion of the apparently strongest signal (6 August 1983) has 
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Fig. 2 Light curve of VHE y-ray emission on 6 August 1983 


been derived for the radio period (6.133166 ms) and is shown 
in Fig. 2. 

It is interesting to note that the three binary VHE y-ray pulsars 
so far discovered by us (X-ray pulsars Her X-1°, 4U0115+63° 
and radio pulsar PSR1953+29) have light curves with a very 
broad pulse (~30% width), although they differ greatly in their 
pulsar periods and companion characteristics. This is in contrast 
to the very narrow (~1% width) peaks we have seen in the 
VHE y-ray light curve of an isolated radio pulsar, PSRO531+ 
23*!° If this connection is borne out by observations of further 
pulsars, then either the magnetic fields and spin axes of pulsars 
in binary orbits are almost aligned, or the basic VHE y-ray 
production mechanisms are very different for the two classes of 
y-ray pulsar. A common model for the emission of isolated 
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pulsars involves electrons and positrons produced and acceler- 
ated in the outer magnetospheric gap very near to the radius of 
light cylinder, the narrow peak being caused by the small toler- 
ance in the angle the VHE electrons make with the magnetic 
field lines. The binary pulsars must obviously be relieved from 
this constraint in some way to give 30-40% width peaks. The 
sporadic nature of the VHE y-ray emission of the slow binary 
pulsars points to the involvement of accretion in either altering 
the emission mechanism itself, or in the shielding or reprocessing 
of VHE y rays produced by the normal mechanism. In the latter 
case, the maximum y-ray energy on production would be 
»1 TeV. Note that the Cyg X-3 binary system, observed by us 
and other groups’ to emit 1 TeV y-rays (not as yet detected as 
a pulsar), also emits 1:PeV y-rays'*> modulated by the binary 
orbital period. 

This work was funded by the SERC and carried out at Dugway 
Proving Ground, Utah. We thank the commander and staff of 
Dugway Proving Ground who supported our experimental pro- 
gramme and Professor R. Buccheri for the data on the radio 
pulsar. 
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The most recent analyses of infrared spectrophotometric studies 
of Neptune’s satellite Triton concluded that both condensed 
methane and nitrogen are present’, It was also concluded’ that 
the most likely surface configuration is a liquid nitrogen (N2) 
‘ocean’ with dry areas of solid methane (CH,), and perhaps some 
exposed fine-grained water frost (H20). However, this model runs 
into some difficulties, especially when requirements of phase equili- 
brium between the solid and liquid components are imposed. 
Because an understanding of the distribution and state of volatiles 
is crucial in interpreting secular changes in Triton’s appearance 
due to seasonal effects’, and in planning observing strategies for 
the Voyager~Neptune/Triton encounter, we assess here several 
possible configurations for these volatiles on Triton. We conclude 
that the simplest volatile configuration which best satisfies the 
constraints with the least number of ad hoc assumptions is N, and 
CH, both in solid forms, perhaps partly as a microscopic mixture, 
but more probably as a disequilibrium assemblage, non-uniformly 
distributed. Thermodynamic equilibrium is then limited by sea- 
sonal transport and the finite diffusion time of CH, in crystalline 
N,. Although a nitrogen ocean cannot be excluded, it requires very 
restrictive assumptions. 

In Table 1, we list five model surface configurations, and we 
have selected five criteria against which each model is tested. 
Criteria 1-4 are based on the analyses of the near-infrared 
spectra. Cruikshank and Apt’ conclude that the methane absorp- 
tion bands are due primarily to the solid phase, with a very 
small contribution from the gas (criterion 1); moreover, 


Table 1 Tests of Triton models 


Criterion 
i 2 3 4 5 
(A) CH,-saturated N, ocean +solid CH, (x) Y x VJ (Vv) 
patches 
(B) Nearly-pure N, ocean+solid CH, vv vv x 
patches 
(C) N, ocean+small quantity of dissolved (V) (V VV (Vv) 
CH, 
(D) Greenhouse N, atmosphere +N,/CH, V (vV) (x) (x) Vv 
clouds 


(E) Solid N,+solid CH, and/or mixed Y vv vv 


solid N,-CH, 


V, Model consistent with criterion; x, model inconsistent with critenon; 
(), Insufficient data to rigorously determine consistency. 

The criteria are: 
(1) Shape of CH, absorption features in spectrum. 
(2) Variability of CH, absorption features as a function of orbital aspect. 
(3) Presence of N, feature in spectrum. 
(4) Presence of additional absorption, possibly water ice or dissolved 
water 
(5) Phase equilibria in N,-CH, system. 


Cruikshank et al? require that the grain size be limited to 
~10 um. The absorption features are variable as a function of 
Triton orbital aspect’; hence, the observable methane is non- 
uniformly distributed over the surface (criterion 2). A feature 
at 2.16 zm is interpreted to be the first overtone of a density- 
induced vibration rotation transition in N, (ref. 2). In our dis- 
cussion, we accept the attribution of the 2.16 pm feature which 
is not seen by all observers*. Although Cruikshank et al? fit the 
Triton spectrum with the transition in liquid N, and a 200-cm 
pathlength, the more general requirements (criterion 3) are a 
sufficiently high pathlength in condensed N>, or high pressure 
in the vapour phase plus long pathlength. The presence of 
residual absorption features suggests either a contaminant (most 
likely H,O) in the N, or CH,, or H,O ‘bedrock’ exposed on the 
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Fig. 1 Polybaric phase diagram of CH, and N,, plotted as tem- 
perature versus N, mole fraction, from ref. 6. S,, cubic solid; Sp, 
hexagonal solid. Solid-solid boundaries are uncertain. 


surface”; we adopt the requirement (criterion 4) that if H,O is 
present, then its absorption is <1 um equivalent thickness. 

Criterion 5 requires that the configurations of N, and CH, 
coexisting on the surface are consistent with phase equilibrium 
studies”® or, if not, that disequilibrium is consistent with expec- 
ted seasonal transport effects or kinetic considerations in the 
solid phase. Figure 1 shows the ‘polybaric’ N,-CH, phase 
diagram for solid-liquid equilibria’, that is, the condensed 
phases are confined against their own vapour pressure. The 
system exhibits a nearly degenerate eutectic at ~62.5K and 
~24% CH, (X = 0.24) (ref. 6), essentially the same temperature 
as the pure N, freezing point. Materials which can lower the 
N, freezing point, such as neon, are not likely to be abundant 
on Triton’. Mixed crystal phases of N, and CH, can occur, with 
substitution of N, in the cubic (æ) structure of solid CH, or 
substitution of CH, in the hexagonal (8) lattice of N, for low 
CH, concentration. 

The temperature regime over which N,-rich liquid and N,- 
CH, solid coexist is within 0.5 K of 63 K on the N,-rich side of 
the eutectic”®. Thus, any N, liquid with X <0.24, in thermody- 
namic equilibrium with CH, in a solid phase must have a 
temperature within 0.5 K of 63 K. Because we can think of no 
feedback mechanism that would cause Triton to prefer this state 
over others, it has a low a priori probability of occurring; 
therefore, coexistence of solid and liquid on Triton implies 
X = 0,24. 

Models A to C involve a N, liquid ocean which is preferred 
by Cruikshank et al”. Model A postulates areas of dominantly- 
CH, solid in coexistence with liquid N,. The CH, solid (which 
could float on the N,-CH, ocean) provides the variability 
observed in the CH, absorption as a function of Triton’s orbital 
aspect, and, if the particle size were small enough (~10 pm), 
reproduces the shape of the methane absorption features. Argu- 
ments presented above require that such an ocean must have 
T>63 K. An N, liquid evaporating at this temperature would 
lose energy by evaporation at a rate 10’ times that due to direct 
radiation; the corresponding factor for solid CH, sublimation 
is 10*. This implies that the solar insolation impinging on these 
volatiles is areally redistributed by sublimation. In the limiting 


case that the N, ocean is global, it can be shown? that an’ 


isothermal atmosphere must exist which radiates uniformly over 
4a. For an albedo of 0.4, T=45 K for unity emissivity € and 
63 K for e~0.3. A global liquid ocean can then exist only if 
the N, and CH, possess low effective infrared emissivities. If 
the volatiles are restricted to polar regions, Trafton’ has shown 
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that the cap temperatures must be uniform and less than 63 K 
unless e < 0.5. Equatorial patches of volatiles are stable only 
during extreme solstice conditions when the diurnally averaged 
equatorial solar flux is negative’. Hence, the presence of liquid 
N, hinges on that material having a low emissivity. 

Data on the frequency-dependent infrared emissivity of cry- 
ogenic N, and CH. liquids®, when weighted by the Planck 


, function appropriate to Triton, yield an optical depth Tigr of” 


unity over a pathlength <2 cm. Conversely, the absorptivity of 
CH, liquid (and by inference CH,/N, solid and liquid) in the 
visible is very low’, and unity optical depth to sunlight, 7,, is 
obtained only over pathlengths >1 m. Thus, 7,« Tig for the 
Triton surface volatiles, resulting in an increasing temperature 
from the surface, down to the level at which the bulk of the 
solar flux is absorbed. Assuming an effective temperature of 
50 K, a radiative temperature profile reaches the N, melting 
point, 63 K, at ~5 cm depth. A conductive temperature profile 
from the surface inwards is less steep; T = 63 K at a depth #1 m. 
The ratio of radiative to conductive time constants, K /(40T°Az) 
(where K is the thermal conductivity, T the effective tem- 
perature, and Az the layer thickness), is ~1 and because seasonal 
timescales are much greater than either time constant, the shal- 
lower conductive profile is obtained. Thus, over the metre-deep 
pathlengths to which the spectroscopic data are sensitive’, the 
N; is likely to be solid. The presence of impurities in the ice, 
absorbing sunlight close to the surface, makes melting over 
metre-deep paths even less likely. 

The large amount of dissolved CH, in model A violates criteria 
1 and 3. Cruikshank et al? require a 200-cm pathlength in the 
N, liquid to reproduce the depth of the 2.16-~m absorption 
band; if a solid containing 24% CH, is in coexistence with 
the liquid the dissolved CH, pathlength is then 50 cm which in 
a liquid of density 1 gcm™°* yields an equivalent pathlength- 
abundance of ~1/2 km-amagat. The effect of this substantial 
abundance on both the CH, and N, absorption features is 
difficult to assess from available data‘®'*. Using a band model 
at 273 K for the 2.3-um CH, band in the gas’*, we find an 
equivalent width of =0.5 um at 1/2 km-amagat, and an optical 
depth >50 in the 2.17-2.13 um region of the band. At 60 K, the 
band will be much narrower, but substantial optical depth still 
would be expected in the wings. 

Model B circumvents this difficulty by postulating a nearly 
pure N, ocean and solid CH, patches, that is, a system in 
disequilibrium. For a globally-uniform temperature, this situ- 
ation is unachievable, The vapour pressure of CH, over the pure 
solid is larger than that over the undersaturated ocean. Vapour 
will flow from the poles to the ocean until equilibrium is restored. 
A strong equator-pole temperature gradient, with CH, ice at 
the pole and the N, ocean at the equator, would permit such 
disequilibrium provided the CH, vapour pressure were control- 
led by the polar temperature. The N.-CH, solution at ~70 K 
obeys the relation X = 0.1-—0.01 P/P, «(refs 6, 14) where P and 
P... are the CH, vapour pressure in the ocean, and pure liquid 
saturation vapor pressures'*. For X = 107° (which gives =10-um 
pathlength in the ocean) P=107’-10~° bars at 70K. If this 
pressure is supplied by CH, polar caps, cap temperatures of 
45-50 K are required. This strong temperature gradient between 
N, and CH, is not achievable in either the global ocean model 
or polar cap model presented above, because in either case the 
temperature of the volatiles, regulated by sublimation and recon- 
densation, is uniform. Transport of volatiles seasonally also 
makes the physical separation of N, and CH, volatiles 
implausible. 

Model C avoids the requirement of a temperature gradient 
by postulating a very low global CH, to N, mole fraction of 
107°, with all CH, dissolved in the ocean. The CH, absorption 
bands would then vary with Triton’s orbital aspect, in phase 
with any (as yet unobserved) variation of the N, absorption 
feature. Whether the shapes of the CH, absorption features on 
Triton can be fitted by this dilute solution has not yet been 
demonstrated. 

Finally, A-C probably satisfy criterion 4. The solubility of 
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Fig. 2 Conceptual model of visible hemisphere of Triton. Nearly 
pure N, solid is present as a seasonal polar cap, and CH, or mixed 
CH,-N; solid as a lag deposit 


H,O in cryogenic N, is as high as 107° mole fraction'®, equivalent 
to a 20-um pathlength in a 200-cm depth ocean. This is consistent 
with the conclusion that a small amount of H,O absorption is 
present in the Triton data’. 

Model D postulates an atmosphere of N; > 0.5 bars, thick 
enough to induce a gaseous 2.16-um absorption feature of Ns, 
with a temperature gradient which permits cloud formation and 
hence solid CH, line absorptions. We assume N, and CH, to 
be saturated at the surface; the surface temperature is chosen 
to yield an N, vapour pressure large enough to provide a 
consistent pressure-induced gas opacity” for the given effective 
temperature (=53 K). The resulting radiative profile leads to 
very large surface temperatures (>85 K) and massive CH, 
clouds. This model probably does not yield a sufficient path- 
length in the N, gas to permit the 2.16-um feature to be seen, 
unless clouds are avoided altogether by undersaturating both 
CH, and N.. It is then difficult to satisfy simultaneously criteria 
1, 2 and 3. 

Model E 1s the simplest and the most consistent with the data. 
N, and CH, in equilibrium below 62 K would be present as 
mixed crystals. To achieve a high pathlength of N, absorption, 
large (>centimetre-sized) crystals of pure N, must be formed. 
Trafton® has shown that seasonal transport of large quantities 
of volatiles can, in principle, occur on Triton. The higher vapour 
pressure of N, (1,000 times that of CH, at 50K) ensures a 
distillation effect in which N, is transported in preference to 
CH,, resulting in a heterogeneous distribution on the surface 
which may involve nearly pure N, in some regions. Assuming 
the mass flux of N, is driven by the excess of solar flux, at the 
subsolar point, over that required to maintain the global (or 
polar cap”) temperature average, we estimate that ~1 m of N, 
can be sublimed and redeposited over 10° yr (ec =1, A=0.4). 
The unusual seasonal behaviour of Triton ensures that some N, 
may remain in place for =10* yr. Disequilibrium between N, 
and CH, is much more likely if both volatiles are in the solid 
phase because of the probably slow diffusion rate of N, and 
CH., ~1 cm over 10° yr based on a diffusion model’®. 

Grain growth calculations based on semi-empirical models!’ 
suggest pure N, grains can grow up to 10cm during this time; 
this has not been verified experimentally. Although the 2.16-~m 
absorption feature has not been measured in N, solid’, it should 
be nearly identical to that in the liquid near the solidus, as is 
demonstrated by other Van der Waals-bonded solids’. The CH, 
ice can grow to 0.1 cm over 10° yr; however, most of the CH, 
could be present as a lag deposit in mixed CH,-Ny, crystals 
which could limit the CH, path length. Exposure of fine-grained 
water ice in equatorial regions 1s likely i in any model in which 
the N, and CH, volatiles are solid’ as is the coating of CH4- 
derived polymers in areas devoid of volatiles. Figure 2 provides 
a conceptual scenario for the present, visible face of Triton. 
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We conclude that model E, involving CH, and N, solids, i iS 
consistent with all criteria discussed, and requires a minimum 
of restrictive assumptions. Observations of diurnal and seasonal 
variations in N, and CH, absorption features as summer solstice 
nears” is of high priority in testing this conclusion. Understand- 
ing of the volatile budget on Triton, which bears strongly on 
cosmochemical issues’, as well as planning of Voyager 2 observa- 
tions, requires a baseline model of the surface state of Triton’s 
volatiles. Also of interest are the detection of argon (Ar) and _ 
carbon monoxide (CO). Argon is intermediate in volatility 
between N, and CH, (ref. 15) and forms solid solutions with 
both”?! CH, dissolved in Ar solid exhibits absorption features 
shifted from the pure ice**. While the physical chemistry of CO 
is very similar to that of N, (ref. 23) the permanent dipole 
moment of CO produces spectral features which have not as 
yet been distinguished from CH, bands in the Triton data’. 
These mixed crystal compounds may have interesting and detect- 
able coupled modes which should be investigated as important 
future diagnostics of the nature of Triton’s surface. 

This work was supported by NASA grants NAGW-185 and 
NAGW-450 and NSF grant AST-8206173. Contribution no. 4236 
from the Division of Geological and Planetary Sciences, Califor- 
nia Institute of Technology. 
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Transition metals are common constituents of cloud droplets, 
raindrops and other atmospheric droplets’* (see Table 1). To 
evaluate the relative importance of pathways catalysed by transi- 
tion metals in atmospheric droplet chemistry, especially reactions 
that increase the net acidity of atmospheric droplets, we have now 
formulated the first detailed model of such chemistry which incor- 
porates transition metal complexes. Results from our computer 
simulations suggest that at pH 4, transition metal catalysed path- 
ways account for 30-55% of the oxidation of S({1v) (sulphur 
dioxide and related sulphites) to S(v1) (sulphuric acid and related 
sulphates). Furthermore, the calculations suggest that transition 
metal reactions are the principal sources of free radicals in atmos- 
pheric droplets and that a catalytic cycle involving the Fe(11)- 
Fe(111) couple is an efficient producer of organic acids from oxida- 
tion of the ubiquitous atmospheric aldehydes. 
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Table 1 Compamson of transition metal concentrations in rain from different 
regions 


Concentration (ug i7') 


Location 
Fe Cu Mn Ni Ref 
Minnesota/ 5~1,400 §~150 5~60 30-240 l 
Wisconsin 
Britain 130--3,100 23-82 12-23 3 8-23 2 
Bermuda 19-13 01-16 01-10  004-1.4 3 
North/South 50-450 5-550 ]-12 <2.5~19 4 
Atlantic 
Enewetak Atoll 0 2-2.7 0.005-015 0.01-0.3 — 5 


Transition metals dissolved in aqueous solution exist as com- 
plexes with other solution constituents (see Table 2). For Mn(11), 
Cu(i1) and Ni(11), given typical concentrations of possible 
ligands in atmospheric droplets and reported stability constants 
between these metals and the various ligands, the hexaaquo 
complexes (in which the metal ion is bound to six water 
molecules) are the overwhelmingly dominant species. The situ- 
ation for Fe({111) is more complicated; it is distributed between 
[Fe(H20).}*, [Fe(H,0),(OH)]}** and [Fe(H,O),(OH).]", the 
distribution being governed by the solution pH. Furthermore, 
the stability constants for the Fe(111) complexes with sulphite 
and sulphate are sufficiently large that complexes with these 
ligands can exist in equilibrium with the aquo and hydroxide 
complexes. 

While all the above transition metal complexes absorb sig- 
nificantly in the ultraviolet region of the spectrum, the complexes 
of Fe(111) have absorptions that extend into the 290-400 nm 
region, overlapping the solar spectrum (Fig. 1). On the absorp- 
tion of a solar photon, the Fe(111) complexes undergo charge 
transfer from the ligand to the metal centre®’. The net result is 
one electron reduction of the metal centre, coupled with the 
oxidation of an electron donor (the coordinated ligand). The 
redox process is followed by the escape of the donor ligand 
radical into the bulk solution and solvation of the resulting 
Fe(II) complex: 


[rerio = "> [Fe"(H,0),**+OH- (1) 


[Fe'"(H,0),(OH)2]* =S [Fe""(H,0),(OH)]* + OH: (2) 


The photochemistry of the Fe(111) hexaaquo, sulphite and sul- 
phate complexes are similar, but their absorption cross-sections 
between 290 and 400 nm are at least an order of magnitude less. 
As a result, the photoreactions of the hydroxide complexes are 
those of particular chemical relevance®. (Note that photo- 


Table 2 Calculated upper limit concentrations for the major metal 
complexes in atmospheric droplets at selected pH values 


Concentration (M) 


Metal complex pH3 pH4 pHs 
[Fe'(H,0),]°* 2x10 o* = as 
[Fe!"(H,0),(OH)]** 1x1075*  3x107%* 5x10} 
[Fe]! (H,0),(OH);]* 3x1076*  1x107™5* = =2x«107%+ 
[Fe'l"(H,0),(SO3)]* 2.2x10°%* 6x10  1x107% 
[Fe'(H,0),(OH)(SO3)] — 6x107* 1x107} 
[Fe"(H;0)s (SO,)]" 1x107% — — 
[Cu"(H,0),]** 2x107° 2x107 2x107 
ÎNI (H0). Jt 2x106 2x1078 2x107° 
[Mn"(H.0),]** 2x10°° 2x107° 2107 


Metal complex concentrations calculated using published?’ values 
for stability constants and typical concentrations reported for ligands 
(forexample, SO,, NO;,Cl~) in atmospheric droplets. A dash indicates 
that the species is not a significant complex at the indicated pH. 

* Based on 2 *107> M for total dissolved tron species in precipitation. 

+ Based on a Ksp limit!’ of 7.9x107!! M for the concentration of 
[Fe!(H,O),]}** at pH 5; concentrations of other Fe!" species deter- 
mined by equilibrium considerations 
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Fig. 1 Absorption spectra of [Fe"(H,0) ((OH)]’* and 


[Fe™"(H,O),(OH)2] in the region 290-400 nm. The absorption 
cross-sections for [Fe''(H,0)<(OH)J22 are obtained from ref. 31; 

those for [Fe'"(H,0),(OH).13, were measured in this work using 
standard spectrophotometric techniques. At wavelengths between 
340 and 400 nm, the spectra for these two complexes overlap, and 
separate lines are not shown. The solar spectrum refers to a vertical 
height of 0.75 km (halfway in the 1.5-km fall to ground used in 
our model), and a north latitude of 41° at noon on 1 May The 
circled points indicate calculated averages (over 10-nm intervals) 
of the incident solar flux for clear skies (ref. 32), reduced by the 
presence of the model cloud. The dotted line through these points 

is intended only as a guide for the reader. 


oxidation of the Fe(11) hexaaquo complex, the principal Fe(11) 
species, is negligible over the tropospheric solar spectrum.) 

Our model calculations are designed to simulate chemical 
processes within raindrops falling from cloud base to the ground. 
Some portions of the reactants are within the drops prior to 
their fall, others are incorporated during descent. The reactions 
and calculations are based in part on our previous work™?®, but 
include nearly 50 reactions involving Fe(11), Fe(111), Mn(11), 
Mn(111), Cu(1) and Cu(11) as well. In particular, reactions (1) 
and (2) are incorporated, as are the potential S(Iv) oxidizing 
reactions involving iron and manganese'!. 


Sane 


enO, 
HSO; —— 2, HSO;z: 


= = 0.82[S(Iv)] [Fe"]/[H™] Ms“ (3) 
Malo, a 
HSO; ———> HSO;; 
=~ = 25.0[S(1v)] [Mn"]/[H*] Ms“! (4) 


The total concentrations of soluble transition metal ions (dis- 
tributed appropriately into the various complexes) are taken to 
be 2 x107° M for iron, 2x107% M for manganese and 2x10°°M 
for copper, well within measured limits (see Table 1). 

An essential ingredient to these calculations is the quantum 
yield, ®, for the photochemical production of radicals as in 
reactions (1) and (2). Measurements of ® for OH- radical 
production from Fe(111) complexes in cloud or rain water have 
not been performed. There have been, however, numerous 
laboratory studies of the photochemistry of aqueous Fe(111) 
species. In applying the measurements of ® from these experi- 
ments to our model system, we have taken into account the 
effects of pH, the presence of ionic species and oxygen®'*”?, 
overall Fe(111) complex concentrations, ensuing Fe(11) con- 
centrations, and irradiation wavelength. The result is a conserva- 
tive estimate of 2% for the wavelength independent ® for OH: 
radical production. Actual values of ® may be as much as an 
order of magnitude higher. 

Calculations were carried out at pH 3 and pH 4, for both day 
and night conditions. Table 3 shows the results for S(1v) oxida- 
tion. At pH 4, reactions (3) and (4) account for 30-35% of this 
oxidation, the remainder being due to H,O,. At pH 3, H,O, 
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reaction dominates S(IV) oxidation, in part because the transi- 
tion metal oxidation rates show inverse pH dependence’! 

Our results also indicate previously unsuspected involvement 
of transition metal reactions in the organic chemistry of droplets. 
This is a consequence of the production of OH radicals from 
the transition metal reactions. The computations suggest that 
production of the OH: radical by reactions (1) and (2) may be 
the primary daytime source of solution radicals, exceeding the 
` flux of OH: by incorporation of gas phase radicals’? even for 
iron ion concentration as low as 107’ M. 

At night, the photochemical reactions (1) and (2) are inopera- 
tive, and the primary source of free radicals vecomes the classic 
Fenton reaction!’ 


Fe(11)+ H,0, > Fe(111) + OH: +OH™ (5) 


In these conditions, it turns out that the [S(1v)]/[H.O,] con- 
centration ratio is an important parameter for solution oxidation. 
If [S(tv)]>[H,02], the H,O, will be largely titrated away. 
Conversely, if [H,O,]>[S({1v)], as might occur in remote areas 
or in populated areas with low sulphur emission fluxes, the 
H0O; is not completely depleted by S(Iv) and some is available 
to form OH: radicals by reaction (5). 

What is the fate of the OH: radical in atmospheric droplets? 
Our computations indicate that- it primarily reacts with 
aldehydes to produce organic acids’® by 


RCHO+0H: —> RC(O)OH + HO» (6) 


This result is of interest because of the relatively large concentra- 
tions (107° M or higher) of aliphatic aldehydes found in rain'”””’, 
mist’®, fog'?*° and clouds!®™”. Starting -with initial aldehyde 
concentrations of 1.3 x107° M, our results show organic acid 
concentrations of the order of 1x107 M during a 6-min fall 
from cloud to ground, equivalent to an oxidation rate of some 
2% per min. (Much of the remaining RCHO is complexed with 
HSO% (refs 21, 22) and is unavailable for oxidation; some 
RC(O)OH enters the droplets directly from the gas phase). Since 
cloud and fog droplet lifetimes are much longer than the several- 
minute lifetime of a raindrop one would expect extensive conver- 
sion of aldehydes to organic acids in long-lived droplets contain- 
ing both H,O, and transition metal ions. Indeed, concentrations 
of organic acids of 1077M or higher have been observed ‘in 
precipitation on those few occasions when measurements have 
been made’®?-** and some 16-35% of the free acidity of precipi- 
tation in the eastern United States is due to organic acids”. Gas 
phase sources of organic acids are known, but seem insufficient 
to explain the organic acid concentrations found in droplets. 

The maximum effectiveness of the transition metal processes 
is realized when the Fe(111) reduction (either reaction (1) or 
(2}) is balanced by an oxidation to produce a catalytic cycle. 
In atmospheric droplets this oxidation can be efficiently accom- 
plished by O23, the conjugate base of the HO, produced by 
reaction (6): 


Fe(11) +07 > Fe(111) + products (7) 


for which a large rate constant has recently been determined”®. 
The resulting cycle has a catalytic sequence for iron of 


92 or H- 
OHT, hv OH- H,0, 
Fell! Y A ; Fe! Fell! (8) 
and a complementary sequence for the O—H species of 
Fell hy Fell RCHO RC(O)OH Fe! Fell 
OH- .—>2Z > HO, or OF —>+ OHS. 
(9) 


An aspect worth noting is that O; is in acid equilibrium with 

HO, in aqueous solution i 

with an equilibrium constant of pKuo,= 4.69 (ref. 29). The 

catalytic cycle thus becomes more efficient at higher pH values. 
Therefore, our model suggests that oxidation of S(1v} in 

atmospheric droplets to produce S(vI) inorganic acids occurs 

primarily by reaction with H,O, but, partly by processes involv- 
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Table 3 Calculated percentage of S(1v) oxidation via various reactant 
pathways 
pH3 pH4 
Reactant Day Night Day Night = - 
H,0, >99 >99 71 63 
Fett <I <1 7 8 
Mn?* <1 <1 22 29 





Calculations for chemical processes within a 1.0-mm diameter rain- 
drop falling 1 km from cloud base to ground. Calculations were carried 
out at pH 3 and pH 4, for both day and night conditions. 


ing complexed transition metal ions. A catalytic cycle involving 
the photoprocesses of iron{111) complexes may be important in 
producing organic acids from aldehydes. At night, particularly 
at low S(tv) concentrations, HO, fills the role of the solar 
photons in continuing the catalytic cycle. The rates of the reac- 
tions in this cycle depend on the concentrations of iron, H,O, 
and RCHO, all of which are influenced by anthropogenic 
activities. 
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The conventional chemical definition of an alkali metal in solution 
is based on the tacit assumption of cation formation through the 
spontaneous ionization of the ns’ valence electron’. However, much 
experimental evidence, both direct and indirect, has accumulated - 
over the past decade for the existence of the anionic form of the 
alkali elements in certain non-aqueous solutions”. In 1974, Ceraso 
and Dye? reported the fingerprint nuclear magnetic resonance 
(NMR) spectrum of the sodium anion, Na _, which constituted the 
first direct proof of the existence of this ion in solution. Since 
then, high-resolution multi-element NMR spectroscopy has been 
used to identify the ubiquitous Na” ions*~’, as well as the rubidide 


` 
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(Rb~) (refs 4, 7) and caeside (Cs~) ions* in a variety of metal 
solution systems both liquid and solid®’. Until now, the status of 
the potasside ion, K`, has been unclear. We report here the first 
observation of the °°7K-NMR spectrum of K` from solutions of 
potassium metal and potassium/caesium mixed metals in the liquid 
crown ethers, 1,4,7,10-tetraoxacyclododecane (12-crown-4, 12C4) 
and 1,4,7,10,13-pentaoxacyclopentadecane (15-crown-5, 15CS). 
This constitutes the first direct proof of the existence of K ; the 
NMR data also give detailed information on the microscopic 
electronic structure of the potassium anion in solution. 

The alkali metals Na, K, Rb and Cs dissolve in 12C4 and 
15C5 to form dark blue solutions containing metal cations, metal 
anions, solvated electrons and electron-cation aggregates'®"'. 
We find that mixed alkali metal samples (such as NaK and 
KCs) in both solvents form extremely stable solutions in which 
the dissolution of, for example, the mixed K/Cs metals proceeds 
through the disproportionation reaction 


KCs> K~+Cs? (1) 


where K” is the potassium anion and Cs; is the complexed or 
solvated caesium cation. In these solvents, the larger alkali 
cations form very stable sandwich complexes of the type M*C, 
where C represents the crown molecule’. 

Three major problems have hindered the search for the potas- 
side ion. The first is the intrinsic low sensitivity (receptivity) of 
the ?K nucleus. This problem was minimized in the present 
work by working at the high magnetic fields (to reduce second- 
order quadrupolar effects) of our Bruker MSL-400 NMR spec- 
trometer (°°K frequency, 18.66 MHz; 400.130 MHz proton 
frequency). In addition, we find that the concentration of K™ 
is enhanced by several orders of magnitude in the mixed KCs 
metal solutions in the liquid crowns. This had been suggested 
by our recent optical studies of M” in these solvents (reported 
in detail elsewhere'') and is consistent with thermodynamic 
considerations for the disproportionation reaction (1) for 
single as opposed to mixed-metal samples. 

Second, solutions of the single elemental metals in 12C4 and 
15C5 have high freezing points: ~283 K and 273 K respectively. 
Thus, relatively high observation temperatures are required to 
observe the liquid-state NMR spectra of K`. The addition of 
tetrahydrofuran (THF) as a co-solvent considerably reduces the 
freezing points of the metal solutions to ~173 K. An NMR study 
of liquid solutions at relatively low temperatures was, therefore, 
feasible. It is well established’* for metal solutions in general 
that solution stabilities are considerably enhanced at lower 
temperatures. In addition, our recent nuclear spin relaxation 
studies’ of Na” in these crown systems suggest that NMR line 
broadening (through exchange processes) is not excessive in the 
low-temperature regime. 

Third, both the electron and cation exchange processes which 
effectively limit the lifetime of K` in solution (and consequently 
broaden the NMR line beyond detection) must be very inefficient 
if the anion resonance is to be observed. In the liquid crown 
systems, the exchange and dissociation equilibria of the type 
shown below appear to be comparatively inefficient 


K` +*K} = Ki +*K (2) 
and 
K “KÝ +2e, (3) 


where e7 is the solvated electron. 

The (exchange) line broadening of the NMR is then reduced 
to a minimum. Similarly, the low donaticity of the co-solvent, 
THF, does not appear to adversely affect the lifetime of K” in 
these solutions. 

Figure 1 shows the *7K-NMR spectrum of K” at 250 K from 
a solution of KCs/12C4 in THF. A single °K. resonance is 
observed which is shifted to —98.2 p.p.m. (parts per 10°) relative 
to the reference signal from the aquated potassium cation, 
K*(aq) (a solution of KCl in D,O). The large and negative 
chemical shift for the NMR line corresponds to a considerable 
increase in the nuclear shielding of the K species compared 
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Fig. 1 The *°K-NMR spectrum of a solution of KCs/12C4 in 
THF at 250K. The reference (0 p p.m.) is a solution of KCI in 
D,O. A negative value of ê corresponds to an increase in the 
nuclear shielding of the °°K nucleus Also indicated 1s the calcu- 
lated'® chemical shift for a gas-phase potassium anion, K(g). 


with ?K*(aq) (ref. 16). This experimental NMR shift must be 
compared with the theoretical estimate’® of —107 p.p.m. for a 
gas-phase potassium anion, K` (g). We can, therefore, unam- 
biguously assign the observed resonance to the potassium anion 
in solution. Thus, the considerable electronic shielding of the 
3K nucleus in K” arises by virtue of the two, spin-paired 4s 
valence electrons. 

The observed chemical shifts and NMR linewidths for Na’, 
K` and Rb in 12C4 are given in Table 1; also included are the 
calculated chemical shifts'* for the gas-phase anions, Na (g), 
K7(g) and Rb7(g). The data for Na in 12C4, coupled with the 
remarkable insensitivity of the NMR parameters to the nature 
of the host solvent in all systems examined”, show that the 
sodide ion interacts only very weakly with its surroundings. To 
be more specific, the sodium (filled) 2p orbitals are particularly 
well screened from interactions with surrounding solvent or 
solute molecules by the presence of the filled 3s valence orbital 
which itself is unaffected by its environment. In addition, the 
extremely narrow NMR lines observed from these paramagnetic 
solutions provide strong evidence that Na™ exists as an essen- 
tially ‘gas-like’ moiety in solution. In contrast, the NMR of Rb™ 
in 12C4 is very significantly deshielded relative to the gaseous 
anion. This suggests a considerable solvent involvement in the 
ground-state wavefunction of Rb-. The deshielding of the large 
Rb” ion is presumably caused by the introduction of orbital 
angular momentum through the interaction of the solvent with 
the rubidium 5p orbital’. The broad NMR linewidth for Rb” 
(some 1,000 Hz) is also consistent with a description of an 
anionic species which is significantly modified on passing from 
the gaseous to the condensed phase. 

The NMR data for K suggests that the species is considerably 
more gas-like than the rubidide ion in this solvent. However, 
the K” ion does suffer certain small perturbations on its gas- 
phase electronic structure. This can be gauged from the observed 
chemical shift of K` (Table 1) which indicates a small degree 
of deshielding of the ?K nucleus compared with K7(g). This 
is also consistent with the NMR linewidth of K` which is larger 


Table 1 NMR data for Na”, K” and Rb” in 12C4 solution 


Avi;2 
Jon 5(M™)otrerrea t 5(M™)(g)*4 (Hz) 
Na” 61.8 ~63.1 1 5-10 
K” —98 2 -107.0 180 
Rb” ~—191 0 ~213.6 1,000 


* p.p.m. from M*(aq) 

t Values uncorrected for bulk susceptibility corrections. 

ł Based on calculations of the nuclear shielding differences between 
gaseous metal anions and neutral metal atoms, see refs 4, 16 
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than that of Na in this solvent, but still considerably smaller 
than the Rb” value (some 1,000 Hz). 

We conclude that, in the present system, the potasside ion 
exists as a stable, long-lived entity which interacts only weakly 
with its surroundings. 

Finally, we note that Mendeléeff'’ some 80 years ago rightly 
pointed out the important quantitative resemblance between the 
halogens and the alkali metals. With this observation of K™ in 
solution, the ability of the alkali atoms to form negative ions in 
solution—in a manner formally akin to the halogens—is now 
firmly established. The only exception now is lithium, and the 
search for the lithium anion continues. 
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Note added in proof: Professor J. L. Dye of Michigan State 
University, U.S.A., has informed us that the NMR of K” has 
been independently observed from solutions of K* (15-crown- 
5), K” in dimethyl ether'®. 
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Although low-temperature alteration of the ocean floor traps large 
quantities of uranium from sea water’, the mass balance between 
the crust and sea water along the mid-ocean ridges and, con- 
sequently, the uranium content of subducted lithosphere, are uncer- 
tain. Intense scavenging from sea water by particulates as a result 
of the dispersal of hydrothermal solutions in the water column? 
has prevented the assignment of deeper levels at ridge crests as a 
uranium source or as a sink*. Here we present uranium analyses 
for hydrothermal solutions from the East Pacific Rise (EPR) which 
support earlier data>* showing that this element behaves coher- 
ently with magnesium in its removal from sea water during hydro- 
thermal circulation. Our results indicate that oceanic crust is 
subducted with the U/Pb ratio increased relative to that of the 
ambient mantle, but this is thought to be due more to hydrothermal 
lead depletion than to uranium enrichment. 

Since 1979, solutions from the hydrothermal vent fields on 
the EPR have been sampled several times at both the 13 and 
21° N sites by French and American submersibles’”'°. At tem- 
peratures >300 °C and occasionally >350 °C, low pH, sulphide- 
rich and magnesium-depleted solutions are emitted in the rift 
valley at a depth of ~2,600 m. Evidence suggests that the hydro- 
thermal systems are fed by sea water from the ridge flanks. The 
general chemistry of these hydrothermal fluids has been 
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Fig. 1 Co-vartation of magnesium and uranium ın hydrothermal 
vent solutions from the East Pacific Rise Data are taken from the 
present work and ref. 9 W, 13° N; O, 21° N. 


described in refs 7-11 while preliminary data on their uranium 
content are given in refs 5, 6. 

The present measurements on both the 13 and 21° N vent 
fields were carried out by isotope dilution using a combined 
chemistry for uranium and rare earth elements: a few millilitres 
of solution were spiked, purified on anion/cation exchange 
resins, then run on a solid-source mass spectrometer. The 
measurements are believed to be accurate within 2% whilst, for 
the least concentrated samples, blank correction amounts to a 
maximum of 6%. 

These results are reported in Table 1, and uranium is plotted 
against magnesium in Fig. 1. In spite of a significant scatter, the 
strong positive correlation between these two elements and the 
quite low abundance of uranium in the samples most enriched 
in hydrothermal component (with the lowest magnesium con- 
centration) suggest that both uranium and magnesium are 
removed from the inflowing sea water on reaction with the 
hydrothermal system. A few points showing intermediate 
magnesium content fall below the sea-water/hydrothermal com- 
ponent mixing line. This probably indicates incipient uranium 
removal by unidentified secondary minerals on mixing with sea 
water, as suggested for Galapagos warm vents by Edmond et 
al?. However, such a secondary removal cannot solely account 
for the depletion of uranium in pure vent waters from both sites 
and its uptake from sea water by the hydrothermal ridge system 
may be considered quantitative. 

Using the Wollery and Sleep‘? global estimate for the amount 
of water circulating within the ridge hydrothermal systems, the 
removal of uranium from sea water at ridge crest amounts to 
5x10® gyr', a value bracketed by the previous estimates of 
Bloch* who correctly predicted that the deeper levels of the 
oceanic crust are a uranium sink. The residence time of this 
element in sea water relative to the hydrothermal process is 
identical to that of magnesium, which Edmond et al.” estimated 
to be 9.6 Myr. Owing to the direction of uranium transfer, these 
values are insensitive to the relative importance in global hydro- 
thermal activity of the fluids which leak out from the ridge flank 
at warm temperatures". 

The global uranium balance ın sea water cannot be estimated 
with precision, due to an insufficient knowledge of the world 
riverine flux. Sackett ef al’? suggest a value of about 2x 
10'° g yr! while, taking into account the effects of uranium in 
phosphate fertilizers, Moore’® worked out a value of 1.3 x 
10° g yr‘ for the pre-agricultural riverine input to the oceans. 
Hence, depending on the assumptions made about the riverine 
flux and water circulation within the oceanic crust, the ridge 
hydrothermal systems may balance as little as a few per cent or 
as much as 40% of the uranium transported to the oceans by 
the world river system. The strength of the sink represented by 
the low-temperature alteration of the uppermost oceanic crust 
(0.2-1 x10"? g yr! according to refs 2,4) is also highly uncer- 
tain; this low-temperature removal of uranium in the upper 
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13° N 21°N 
Site Chandelier Chainette Cathedrale SW 2 HG NGS OBS p 
Sample 20 Ti4 14 Ti2 15 Ti2 20 Til 20 Ti3 1149-2 1157-2 1160-2 1155-10 1158-2 > 
Mg (mM kg™') 4.52 5.57 48.6 5.35 40 1.92 32.85 1.96 3.40 195 o 
U (nM kg`') 0.975 1.22 11.95 1.33 8.23 0.588 7.64 0.924 0.588 1.30 
Pb (nM kg™') 485 405 60 338 — — = = as as 





Mg was analysed by atomic absorption (ref. 5, 11 and courtesy of G. 
may correspond to different sampling devices (Ti or graphite syringes) 
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Table 1 Analytical results on submarine hydrothermal solutions from the East Pacific Rise 


Michard), U and Pb were analysed by isotope dilution. Different samples 
9.10 different storage conditions (unacidified in glass vials or acidified in 












polyethylene flasks) and spike has been added either on board or in the laboratory. Neither contamination during sampling and storage nor 


adsorption on the container walls significantly affects the results. 


basaltic layers may simply take place in the descending limbs 
of convective hydrothermal cells, which act as the recharge of 
the smoker systems, thereby implying that the same uranium 
sink is counted twice in the budget of this element. 

The hydrothermal uptake of uranium from sea water also has 
implications for the geochemistry of the subducted oceanic 
lithosphere which has been proposed as the ultimate source of 
some ocean island basalts'”'*. Taking an average uranium con- 
centration in unaltered crust as 40 p.p.m. (parts per 10°)*, 3.5 km? 
of oceanic crust are created annually, then 2.410’ gyr™' of 
uranium is transferred from the mantle to the new ocean crust. 
To this must be added the 510% gyr™' of uranium derived 
from sea water; that is, as shown in our preliminary work’, the 
content of this element is increased by ~20% during hydrother- 
mal alteration of the oceanic crust. The effect of this will be to 
increase the U/Pb ratio in altered oceanic crust. 

The U/Pb ratio may also be increased by the removal of lead, 
again by hydrothermal reactions as shown by the presence of 
galena in chimneys’? and the relatively high abundance 
(100 p.p.b., parts per 10’) of this element in the EPR 21°N 
solutions®. Three solutions from the 13° N site were analysed 
(Table 1) with rather similar results. Redeposition of hydrother- 
mally mobilized lead within the conduits wherever hydrothermal 
activity does not result in high-temperature solution venting, as 
on the ridge flanks, may render the extrapolation of vent data 
grossly incorrect. Sulphide veins in Deep Sea Drilling Project 
(DSDP) bore holes”? attest to such redeposition. Taking the 
lead concentration of the fresh ocean crust to be ~100 p.p.b. 
(mostly concentrated in the uppermost basaltic layer), the crust 
produced each year would contain ~6X10"g of lead. This 
quantity is significantly less than the 1.5x10'°gyr™' flux 
obtained by multiplying the presumed flux of water through the 
world ridge system by the lead concentration in the EPR hydro- 
thermal solutions. This calculation is simply meant to suggest 
that even for an extremely poor efficiency of the hydrothermal 
extraction, a significant fraction of the lead contained in the 
newly formed crust may be dispersed into the ocean. 

This leads to the question of whether uranium addition or 
lead extraction is the dominant factor in determining the lead 
systematics of basalts extracted from a source rich in recycled 
oceanic crust with a high 4.(7*°U/*™*Pb) ratio. In a given time 
interval T, if K represents the **’Th/***U ratio, a difference of: 


(7°8 pp /?* Pb), sa (7°8 pb / 204 Ph), 
=(Kzu2— Kip) (exp (Az2T)—1) 


is created between the 7°°Pb/?Pb ratios of the normal mantle 
(subscript 1) and the subducted oceanic crust (subscript 2) or 
basalts derived thereof. The slope of a mixing line between the 
two endmembers in the 7° Pb/*Pb, *°°Pb/*"*Pb diagram will 
suggest an apparent K value which obeys: 


(K — K,)/(K,~ K,) = paf (paT My) 


Comparing the least and most radiogenic leads from the oceanic 
islands and ridges? and using their *°’Pb/?™Pb, *°°Pb/*™*Pb 
‘isochron’ age as the characteristic time for developing the 
isotopic heterogeneities results in a y difference of almost a 
factor of 2 (ref. 18), much in excess of the 20% increase one 


could expect from a simple hydrothermal enrichment. Hence, 


as suggested by Vidal and Dosso” from other lines of evidence, 
the radiogenic character of the oceanic island lead results pre- 
dominantly from a lead depletion in the source region of these | 


basalts. It is not clear whether this depletion reflects a long- 
standing leakage of mantle lead towards the core” or its disper- 
sal with the hydrothermal effluents and incorporation into the. 


sedimentary mass. However, the metalliferous sediments from: 


a wide area straddling the EPR sequester a significant proportion 


of a mid-ocean ridge basalt (MORB)-like lead component”. If me 


these metalliferous sediments. are not quantitatively returned to 
the mantle on subduction, or if their base metals are extracted 
by the volcanism associated with converging boundaries, a net 
flux of lead from the mantle to the crust will result. eo 

Let us consider an extreme but simple mantle model with a 
two-stage evolution akin to the models considered by Chase’: 


the first stage involves a single u, single K closed system evol- - : . 


ution; at the onset of the second stage, both U/Pb and Th/U . 


ratios are fractionated and at least two components (labelled 1 n 


and 2) are created, the second component resulting from the — 
first by hydrothermal alteration. The apparent source K calcu- 
lated for the second stage is not independent of the Pb behaviour. - 
When computed from the above relationship and for u> Hy, 
we can expect that K < K,< K,. In fact, an apparent value of 
the second stage K as low as 2.4 and a Ho/ (p3 p) value as 
high as 2, as Chase calculated for Hawaii’, could be obtained > 
by assuming that K, is identical to the first stage value (4.1) 
and that the second stage K, is 3.25 owing to addition of 25% 
excess uranium during the hydrothermal alteration of the 
oceanic crust. It must be stressed that identical K, and first stage 
K represent no more than a convenient assumption. Obviously, 
this process cannot account for the apparent increase in K 
through time of islands such as Kerguelen’®. 
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The dopa analogue 6-fluorodopa (6-FD) used with positron 
emission tomography (PET) allows in vivo visualization of 
dopamine and its metabolites in nigrostriatal nerve endings’. We 
have now found abnormal 6-FD scans in four subjects exposed to 
i-methy!-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). None had 
parkinsonism. The results suggest subclinical damage to the 
nigrostriatal pathway. This is the first direct evidence that 
dopaminergic impairment can exist without clinical deficits. Here 
we discuss this finding in the context of the hypothesis that 
Parkinson’s disease may stem from clinically silent damage to the 
substantia nigra, followed by slow attrition of neurones in this 
region because of its particular vulnerability to cell loss as a 
normal consequence of ageing. 

Two of our subjects are the father and sister, respectively, of 
a case of parkinsonism induced by MPTP, ‘patient 6’ reported 
by Langston and Ballard*. They were injecting the same ‘syn- 
thetic heroin’ as ‘patient 6’, but in lower doses. Both had acute 
transient symptoms in 1982 at the time of exposure, typical of 
all subjects receiving MPTP: a burning sensation at the site of 
injection, blurring of vision, a metallic taste in the mouth and 
jerking of the limbs*. The other two subjects were also supplied 
with synthetic heroin in 1982. They both had a burning sensation 
at the site of injection; one had a metallic taste in his mouth 
and the other experienced blurring of vision. Computerized 
tomography or magnetic resonance imaging were normal in all 
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four cases. Clinical examinations were performed, together with 
objective tests developed in our laboratory’, for tremor, rigidity, 
velocity and accuracy of movement. Two of the MPTP subjects 
were entirely normal and two had minimal disturbances which 
were insufficient for any pathology to be diagnosed. Two of the 
subjects had been off narcotics for 3 months; the other two 
subjects were receiving methadone, but none had been taken 
for over 5h before the PET scan. 

For comparative purposes we also studied seven normal sub- 
jects and six patients with spontaneous Parkinson’s disease 
(Hoehn and Yahr stages I to III), none of whom had been 
exposed to MPTP. Blood biochemistry, including tests of liver 
function, were normal in all subjects. The ages of the subjects 
exposed to MPTP were 26, 29, 36 and 48 yr, and the normal 
subjects were aged 28, 43, 52, 54, 67, 69 and 73 yr; the 
parkinsonian age range was similar to that of the normal subjects. 

Positron-emitting '"F was produced with a CP-42 cyclotron 
as '"F-F, by the ™'Ne(p, x)'*F reaction. The '*F-F, gas was 
converted to acetyl hypofluorite and then incorporated into a 
dopa derivative using the procedure described by Adam et al.’ 
Using this method, we were able to prepare '“F-6-fluoro-L-dopa 
(6-FD) routinely with 95% radiochemical purity; the product 
was 99% in the L-form and, after HPLC purification, was 
fluorinated >96% in the 6-position. The subjects received 3- 
4mCi (equivalent to ~2mg) of 6-FD 1h after the oral 
administration of 100 mg carbidopa, given to prevent peripheral 
decarboxylation. 

Twelve sequential scans, each lasting 10 min, were performed 
immediately after isotope administration using the UBC- 
TRIUMF PETT VI tomograph, whose characteristics have been 
described previously®’. This scanner allows the simultaneous 
acquisition of 7 slices of emission data, with a slice thickness 
and centre-to-centre separation of 14 mm, and in-slice resolution 
of 8mm. By taking alternate scans with the subject shifted in 
the axial direction by 7 mm (half a slice thickness), 14 interleav- 
ing slices were obtained with an effective centre-to-centre 
spacing of 7 mm. Attenuation correction was accomplished by 
performing two transmission scans using a °°Ge-containing ring 
source, in positions identical to the emission scans. Major head 
movements were prevented by a moulded thermoplastic face 
mask. All subjects were positioned with the aid of a vertical 
laser line, such that the lowest slice was at the level of the 
inferior orbito-meatal line. Reconstructed images were displayed 
in colour-coded form on a 100 x 100-pixel matrix. To minimize 
inter-subject variability, all striatal data analysed were from the 
two adjacent slices in which striatal radioactivity was the highest, 
selected from the total set of 14 transverse images from each 
subject. 

Comparable axial scans from a normal subject, a parkinsonian 
patient and a MPTP-exposed subject without clinical deficits 
are shown in Figs 1 and 2. Figure 3 shows the accumulation of 


Fig.1 PET scans, axial view through the same 
level from a normal subject (left) and a patient 
with spontaneous Parkinson's disease, Hoehn 
and Yahr stage I (right). Activity accumulated 
over a period of 60-120min following 
intravenous fluorodopa. The scale on the right 
represents radioactivity in linear arbitrary units, 
increasing from black to white; reconstructed 
to give similar background (cerebellar) activity. 
In the parkinsonian patient, activity is moder- 
ately reduced in the caudate and severely 
decreased in the putamen, as others have 
reported'®, 
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Fig. 2 Upper: fluorodopa PET scans from 
another normal subject, similar to the left scan 
in Fig. 1, but showing two adjacent axial cuts 
through the striatum. Lower: fluorodopa PET 
scans from a subject without clinical deficits 
but exposed to MPTP, taken at the same levels 
as in the normal scans above. The activity 
is intermediate between normality and 
Parkinson's disease. 


striatal activity over the period 60-120 min after administration 
of 6-FD, divided by corresponding cerebellar activity. These 
ratios were obtained by adding regional data from the individual 
scans performed in both positions during the second hour, and 
averaging the values. The same procedure was followed for all 
subjects. Values over the first hour were not included because 
these were thought to reflect tracer delivery and early tissue 
distributions of 6-FD and metabolites (analogous to the distribu- 
tion of *H-dopa and metabolites shown by Horne et al."). For 
assessment of the results, a logarithmic transformation was 
applied to the data to stabilize the variances. Analysis of variance 
revealed significant differences between the three means (P < 
0.001; F(2, 15) = 12.58). The Newman-Keuls method was used 
to compare the effects in pairs; the normal mean was significantly 
higher than the MPTP and parkinsonian means (P <0.05). On 
the basis of the hypothesis proposed by Calne and Langston’, 
a one-sided t-test was performed. Although dependent data 
were used for further analysis, computation revealed a sig- 
nificant reduction in the MPTP subjects compared with normals 
(P=0.03, t=2.20; 9d.f.);° similarly, the patients with 
Parkinson’s disease had significantly lower values than the 


MPTP subjects (P =0.03, t =2.16; 9d.f.). Thus, the ratio of 


striatal to cerebellar activity in the brain of these MPTP-exposed 
subjects represents an intermediate stage between normality and 
Parkinson's disease. 

The technique for analysis of 6-FD uptake is, at present, only 
semi-quantitative. More precise analysis of the observations 
must await the development of mathematical modelling of 6-FD 
kinetics. Preliminary work in this area has been reported’”""’. 
However, because we found that the plasma time-activity curve, 
the relative plasma concentrations of labelled 6-FD and its 
metabolites, and the cerebellar activity/injected dose ratio were 
all similar in the MPTP-exposed subjects and controls, we 
suggest that a real disparity exists between the striatal activity 
of the two groups. Although we cannot distinguish between 
uptake, storage or degradation of fluorodopa or its metabolites, 
we can infer that the reduction in striatal radioactivity in the 
MPTP subjects stems from a disturbance of dopaminergic nerve 
endings because this is the only explanation compatible with 
current physiological, biochemical and pharmacological con- 
cepts of basal ganglia function. Dopaminergic endings in the 
striatum all originate in the nigrostriatal pathway, which is the 
focal point of neuronal degeneration in Parkinson's disease. 

The action of opiates on cerebral dopamine stores is not well 
documented in human subjects. There is one case report of 
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transient parkinsonism in a patient receiving a drug regimen 
that included pethidine’; however, induction of a brief 
parkinsonian syndrome has been reported as a nonspecific reac- 
tion to many drugs. There is no recognized association between 
narcotics and parkinsonism, except through contamination with 
MPTP. Opiate derivatives do not exacerbate the symptoms or 
signs in patients with parkinsonism; furthermore, opiate antag- 
onists have no therapeutic action in Parkinson's disease'*. Most 
of the relevant observations therefore militate against the possi- 
bility that opiates would impede striatal accumulation of 6-FD 
or its metabolites. Indeed, animal experiments indicate that 
opiates increase the rate of dopamine synthesis’. 

The conclusion that subclinical damage to the nigrostriatal 
pathway can occur in human subjects has implications for the 
aetiology of Parkinson's disease. It has been suggested that the 
disease may result from an environmental event (or series of 
events) preceding the onset of symptoms by many years’, and 
that the subsequent normal age-related loss of dopaminergic 
neurones erodes the compromised substantia nigra to result in 
the emergence and progression of clinical deficits. The findings 
reported here are consistent with this hypothesis. It is relevant 
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Fig. 3 Striatal activity determined from fluorodopa PET scans. 

Each point represents a value for bilateral striatal (caudate plus 

putamen) activity divided by background (cerebellar) activity. The 

cross shows the mean for each group. Results forthe MPTP subjects 

are significantly less than normal, but more than those for patients 
with Parkinson's disease. 
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that one of us (J.L.) has documented progressive micrographia 
in a patient with parkinsonism following exposure to MPTP"®. 
Patients with post-encephalitic parkinsonism represent an inter- 
esting analogy with subjects exposed to MPTP. In both cases 
parkinsonism follows a reasonably well-defined environmental 
event. One of us (D.B.C.) has observed a group of 50 
parkinsonian patients surviving the pandemic of encephalitis 
lethargica; after remaining relatively stable over many years, 
most patients decompensated from the age of about 60 yr, when 
the neurological deficits progressed. This deterioration is com- 
patible with an aetiological hypothesis of environmental damage 
superimposed on dopaminergic attrition caused by ageing. 

Finally, we emphasize that the hypothesis of environmental 
hazard plus ageing allows considerable flexibility. A widespread 
causal agent, whether toxic or infective, may have diverse actions 
in a variety of subjects because of individual variations in 
metabolism or immunity that may be necessary to achieve activa- 
tion or inactivation. Such differences could explain the difficulty 
in finding consistent environmental risk factors, and also the 
considerable disparity in the rate of progress of Parkinson's 
disease in different patients. 
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Vasopressin (VP) potentiates the effect of corticotropin-releasing 
factor (CRF) on the secretion of adrenocorticotropic hormone 
(ACTH) from anterior pituitary cells in vitro’, and both CRF*” 
and VP°®* have been found in portal blood. These data support 
the hypothesis that VP acts synergistically with CRF to cause the 
secretion of ACTH in vivo'**” but the origin of the CRF and 
VP, and the physiology of their release, have not been precisely 
defined. Parvocellular cell bodies in the paraventricular nucleus 
(PVN) which project to the external zone of the median eminence 
can be stained for both CRF and VP after adrenalectomy'®”, 
and there is light microscopic imunocytochemical evidence that 
neurophysin (NP) may be located within some of the CRF- 
containing axons™. Electron microscopic immunocytochemical 
studies have demonstrated the presence of CRF'*""®, VPY?’ and 
its ‘carrier’ protein, VP-associated neurophysin (NP-VP)'”"® in 
100-nm neurosecretory vesicles (NSVs) in axons terminating near 
the portal capillary plexus in the external zone of the median 
eminence. If these peptides are extensively co-localized in the same 
NSVs in the median eminence, then coordinate secretion of CRF 
and VP in vivo is obligatory, at least in some physiological 
circumstances. We demonstrate in this report, using post-embed- 
ding electron microscopic immunocytochemistry on serial ultrathin 
sections, that CRF, VP and NP-VP are contained not only in the 
Same axons and terminals, but in the same 100-nm NSVs in the 
median eminence of both normal and adrenalectomized rats. In 
addition, in the normal rat median eminence 44% of the CRF- 
positive axons and terminals stained strongly for VP and NP-VP, 
whereas in the adrenalectomized rat virtually all the CRF-positive 
structures in the median eminence showed strong staining for VP 
and NP-VP, indicating a transformation of one subpopulation of 
CRF-positive axons and terminals by adrenalectomy. 

Adult male rats were decapitated and their brains immersed 
in 4% glutaraldehyde, 0.2% picric acid, 0.1M sodium caco- 


b ras C 
Saai ne 
ENR, iA tae | 
ee % 3 o 
Wéi 7 
bE n 
ar =. ol 
` + 27, 
Bee -> 
ge 
1.Opm 1.Opm 








Fig. 1 Co-localization of CRF and NP-VP in parvocellular axons 
in the external zone of the median eminence. a, b, Serial sections 
of unosmicated tissue from the median eminence of an adrenalec- 
tomized rat stained for NP-VP (a) or CRF (b). The parvocellular 
axons (top) contain 100-nm NSVs which stained for both CRF 
and NP-VP. In contrast, the magnocellular axon (bottom) contains 
16-nm NSVs which stained for NP-VP but not for CRF. c, An 
absorption control for CRF staining. Parvocellular axons were 
exposed to CRF antiserum absorbed with 5*10°° M synthetic 
ovine CRF. 


dylate, pH 6 for 2 h. In some cases, bilateral adrenalectomy was 
performed under ether anaesthesia 3 days before fixation. 
Horizontal ventral surface slabs containing the median eminence 
were then dissected out, and some blocks were post-fixed in 1% 
osmium tetroxide for 2 h. Tissues were embedded in LR White 
resin’, and serial sections were picked up so that staining could 
be done on the back of one section and the front of the next 
section. Immunoperoxidase staining of the sections was per- 
formed as previously described*’. Sections of osmicated tissue 
were pre-incubated in 0.5% sodium metaperiodate for 10 min 
to restore antigenicity’. No differences in staining patterns for 
CRF and NP-VP were seen between the osmicated and unosmi- 
cated tissues, but the parvocellular axons did not stain for VP 
after osmication. 

The CRF antibody used in these studies was a rabbit antiserum 
against rat CRF, and its immunocytochemical specificity is 
described elsewhere”. This CRF antiserum was used at 1: 800, 
and stained 100-nm NSVs in the external zone of the median 
eminence (Fig. 16); magnocellular axons (containing 160-nm 
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Fig.2 a, b, Serial sections of osmicated tissue 
from the external zone of a normal rat; c, d and 
e and f are serial sections of unosmicated tissue 
from an adrenalectomized rat. Sections were 
stained for CRF (a,c, e), NP-VP (b,d) or VP 
(f). Many CRF-positive axons stain only faintly 
for NP-VP in the normal rat, but almost all 
CRF-positive axons are clearly stained for NP- 
VP in the adrenalectomized rat. A similar corre- 
spondence is seen on the serial sections of 
unosmicated tissue from an adrenalectomized 
rat stained for CRF (e) or VP (f). 


LETTERS TO 


NATURE 





NSVs) in the internal zone did not stain for CRF in these 
conditions (Fig. 1b), but did stain at higher antibody concentra- 
tions (not shown). Other studies have detected CRF in the 
oxytocin (OT) magnocellular neurones which project axons 
through the internal zone of the median eminence?” ?*, in the 
160-nm NSVs**. Staining of the parvocellular axons was com- 
pletely blocked by the addition of 5x10~-°M synthetic ovine 
CRF to the antiserum (Fig. lc). An antiserum against VP was 
used at 1:500. This antiserum is specific for VP in radio- 
immunoassays (M. Altstein and G. Valiquette, personal com- 
munications), does not stain the OT-containing axons in the 
internal zone of the median eminence, as shown by serial section 
studies (unpublished data), and staining could be absorbed out 
with VP-Sepharose beads (not shown). As VP and NP-VP are 
synthesized on the same prohormone* and are always co- 
localized in the same NSVs*°, immunocytochemical evidence 
for the presence of NP-VP also indicates the presence of VP. 
To stain for NP we used a monoclonal antibody, PS 45, that is 
highly specific for NP-VP in liquid-phase assays, but can 
cross-react with OT-associated NP (NP-OT) in immuno- 
cytochemistry*”**. However, PS 45 stained only NP-VP in the 
parvocellular axons in the external zone of the median emi- 
nence, as an equally specific and potent antibody (PS 36) 
against NP-OT, which does not cross-react with NP-VP in 
immunocytochemical tests’’**, could not stain these axons in 
several light and electron microscopic studies. This finding is 
consistent with previous observations that OT fibres are 
extremely scarce in the external zone of the median eminence, 
and the few that exist do not respond to adrenalectomy in the 
same way as VP fibres*’. Hence these scarce OT fibres are 
probably stray magnocellular axons from the hypothalamo- 
neurohypophysial system, and not part of a parvocellular 
CRF/OT projection to the portal capillaries. 

Figures 1 and 2 illustrate electron microscopic immuno- 
cytochemistry of serial sections stained for either CRF or NP-VP 
(or VP) at low magnification. At these magnifications it is poss- 
ible to localize, in some sections, both 100-nm vesicle-containing 
and 160-nm vesicle-containing axons in the median eminence, 
and to show that only the parvocellular axons (containing 100- 


nm vesicles) show coexistence of CRF and NP-VP (Fig. 1). In 
both normal and adrenalectomized rats, all NP-VP- or VP- 
positive parvocellular axons and terminals examined in the 
median eminence were also stained for CRF (Figs 1, 2). 
However, in the normal rat, not all CRF-positive axons stained 
for NP-VP or VP. This is illustrated in Fig. 3, where staining of 
serial sections revealed that in some axons, identical 100-nm 
NSVs contained strong immunoreactivity for both CRF and 
NP-VP, whereas in others, CRF-positive axons stained faintly 
or not at all for NP-VP. In every pair of serial sections analysed, 
from either normal or adrenalectomized rats, the same NSVs 
could easily be identified by their identical patterns on the two 
sections (Fig. 3, arrows). Similar results were obtained using 
the VP antiserum (not shown). Although this indication of two 
CRF-positive parvocellular axon subpopulations (with and 
without VP coexistence) was characteristic of the normal rat 
median eminence, many more of the CRF-positive axons in the 
adrenalectomized rat showed strong co-staining for NP-VP or 
VP. In a preliminary quantitation of this phenomenon, 82 of 
187 CRF-positive axons and terminals (44%) in the external 
zone of the median eminence were found to also stain intensely 
for NP-VP in normal, unoperated rats, whereas 105 (56% ) were 
only faintly stained or unstained for NP-VP. However, 3 days 
after bilateral adrenalectomy, 141 of 157 CRF-positive axons 
(or 90%) in the median eminence were strongly stained for 
NP-VP or VP. This increase in NP-VP and VP staining in the 
CRF-positive parvocellular axons after adrenalectomy is con- 
sistent with previous observations'**’** of increases in 
immunocytochemical staining for VP and NP-VP in the external 
zone, the appearance of VP staining'’-'* and VP messenger 
RNA” in CRF-containing cell bodies in the paraventricular 
nucleus, and the increase in axonal transport of newly synthe- 
sized VP and NP-VP to the median eminence™ after 
adrenalectomy. 

The findings described here lead to two unequivocal con- 
clusions: (1) CRF, VP and NP-VP are not only coexistent in 
the same axons in the external zone of the median eminence, 
but also in the same 100-nm NSVs in those axons. This would 
imply co-secretion of these peptides by those axon terminals. 
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Fig. 3 Serial LR White sections of osmicated tissue from the 
external zone of the median eminence of a normal rat, stained for 
CRF (a) or NP-VP (b). The axonal swelling on the right stained 
intensely for both CRF and NP-VP. Examples of identical NSVs 
labelled on both sections are indicated by arrows. The swelling on 
the left stained intensely for CRF, but only a few NSVs are faintly 
stained for NP-PV, one of which is indicated by an arrowhead. 


(2) At least two subpopulations of CRF-positive axons and 
terminals exist in the external zone of the median eminence in 
the normal rat—that is, one (~44%) in which VP is found 
to abundantly coexist (by electron microscopic immunocyto- 
chemical criteria), and another (~56%) in which VP and 
NP-VP are undetectable, or barely detectable, by the same 
criteria. These results suggest that modulation of the CRF/VP 
ratio in portal blood could be accomplished by differential 
activation of subpopulations of parvocellular axons in normal 
animals. After adrenalectomy, however, this potential flexi- 
bility is apparently overridden by the strong stimulus for ACTH 
release, so that a relatively homogeneous population of parvo- 
cellular axons emerges containing high levels of both CRF 
and VP. The physiological significance of these findings must 
await further information about the concentrations of CRF and 
VP in portal blood in various physiological conditions, and their 
effects on the separate receptors for CRF and VP in the adenohy- 
pophysial corticotrophs*’. In any case, these data on the co- 
packaging of CRF and VP provide cell biological evidence in 
support of the hypothesis that VP plays an important role in 
the central regulation of ACTH release. 

We thank Dr W. Vale for CRF antiserum, Drs E. A. Zimmer- 
man and G. Valiquette for VP antiserum, Dr F. Antoni for 
helpful discussions, Drs G. Newman and B. Jasani for 
introducing us to the use of LR White for ultrastructural 
immunocytochemistry, and S. Key for technical assistance. 
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Severe deficiency of hypoxanthine phosphoribosyltransferase 
(HPRT) in man results in the Lesch-Nyhan syndrome, an X-linked 
neurological disorder characterized by mental retardation, 
choreoathetosis and a compulsive tendency towards self-mutila- 
tion’. Although the HPRT gene is normally constitutively 
expressed in all tissues at low levels, expression is elevated approxi- 
mately fourfold in several regions of the central nervous system, 
particularly in the basal ganglia™. The relationships between 
HPRT deficiency, tissue-specific alterations of nucleotide metabol- 
ism and the neuropathology of the Lesch-Nyhan syndrome remain 
unclear. Here we have microinjected recombinant molecules con- 
taining human HPRT (hHPRT) complementary DNA, the mouse 
metallothionein-I (MT-I) promoter and the 3’-untranslated portion 
of the human growth hormone (hGH) gene into mouse embryos 
to produce transgenic animals that express hHPRT on induction 
by cadmium. The hHPRT cDNA in these experiments contained 
88 base pairs (bp) of 5’-untranslated and 190 bp of 3’-untranslated 
sequences, and the full-length coding sequence. We studied the in 
vivo expression of this MT-hHPRT fusion gene and observed 
preferential hHPRT expression in tissues of the central nervous 
system (CNS). This study suggests that sequences within the 
hHPRT transcript (CDNA) influence CNS expression via increased 
synthesis or stability of messenger RNA. 

Of 389 mouse embryos injected with ~900 copies of the 
linearized plasmid pHPT-SO (see Fig. 1 for a description of the 
plasmid), 241 were selected for transfer to pseudopregnant 
females. Seventeen of the 45 offspring contained from one to 
five stably integrated copies of the fusion gene. Southern analysis 
of DNAs from the four mice that expressed this fusion gene 
indicated that the genes had integrated into a single chromo- 
somal location'’. The junctional fragments suggested that each 


NATURE VOL. 317 19 SEPTEMBER 1985 
hHPRTCONA 


Bam Bam 


Bgi ll 
| Mbo! 
| [Hg@! — AAUAAA 


Kpn! ga hGH (exon 5 and 3'-UT) 
EcoRI. yy 
my MT-I EcoRI 
promoter 


8gl/Bam lusion 












pHPT-50 


r 







amp 





Nde | Pvu ll 


Fig. 1 Human HPRT cDNA was cloned into the Bgill site of a 
plasmid containing ~770 bp of sequence 5' to the mouse MT-I 
gene and 650 bp of 3’ flanking sequence from the human growth 
hormone gene (MT-I/hGH expression vector provided by R. Pal- 
miter). We injected 2 pl containing 900 linearized plasmids into 
the male pronucleus of mouse embryos as described elsewhere''. 
Embryos were transferred to pseudopregnant surrogate mothers, 
and, after weaning, tail DNA from the resulting pups was used to 
detect carriers of the fusion gene". 








Table 1 HPRT activity in transgenic mice and their progeny 
PHPT-50 Tissue 
HPRT RO OS ee 
Animal species no. Brain Heart Kidney Liver Lung Spleen 
15-1 Human l 8.37 1.92 0.13 078 0S7 0.63 
(Fo) Mouse 0.50 0.20 282 2.34 2.27 SA 
15-1-1 Human | 11.52 2.54 030 1.12 063 0.69 
(F,) Mouse 1.25 056 3.82 3.42 346 7.89 
18-5 Human 3 10.91 0 4.85 0 0 0 
(Fo) Mouse 3:25: 233 c20 211 23% . 437 
18-5-1 Human 3 9.30 0 431 0 0 0 
(F,) Mouse 3.73. 209 2.02 2.07 2.34 4.20 
18-9 Human 2 1048 340 236 099 140 447 
(Fo) Mouse 665 201 351 230 24 329 
23-4 Human 1 17.20 0 0 793 0 0 
(Fo) Mouse 350: 037 4% O71 ES- 199 
Normal Mouse 0 48 1.2 1.4 1.2 1.4 24 
mouse 
control 





Activity expressed as nmol IMP formed per min per mg of protein. Normal 
mouse control values are mean values for eight non-transgenic mice. 


mouse had a different site of gene integration (data not shown). 

Human HPRT expression in brain, heart, kidney, liver, lung 
and spleen tissues was determined by enzyme and mRNA 
quantitation. The proportion of human and murine HPRT 
enzyme synthesized was determined by enzyme assay following 
their separation by isoelectric focusing (Fig. 2). The concentra- 
tions of hHPRT mRNA were estimated by ‘slot-blot’ analysis 
(Fig. 3) using a probe from the 3’-untranslated region of the 
fusion gene. 

Four of eight mice examined in detail expressed the human 
gene following Cd** induction*. Two mice (15-1 and 18-9) 
expressed the gene in all tissues; a third mouse (23-4) showed 
expression in brain and liver tissues only; and the fourth (18-5) 
expressed the gene only in brain and kidney tissues. In each 
case, expression of hHPRT was highest in brain tissues (Table 
1). Mouse 15-1 showed a concentration of hHPRT that was 
16-fold higher than the concentration of endogenous mouse 
enzyme. Mouse 23-4 exhibited a greater than fourfold increase 
of total CNS HPRT activity compared with non-transgenic 
control mice, without phenotypic effect. In addition, in each 
transgenic mouse, expression of the fusion gene was consistently 
elevated (up to 64-fold) in brain tissues compared with 
expression in other tissues. The level of hHPRT expression did 
not correlate with the copy number of the MT-hHPRT gene. 
There was an approximate correlation between the concentra- 
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Fig.2 Representative isoelectric focusing (IEF) gels of transgenic 
mice. 

Methods. The mouse organs shown (0.1 g of each) were homogen- 
ized in 500u] of 20mM Tris-HCl (pH7.2) in a Dounce 
homogenizer and subjected to five freeze-thaw cycles to lyse cells. 
Cellular debris was removed by centrifugation and 5 or 10 pl of 
the cytosolic supernatant was loaded onto a non-denaturing IEF 
gel (10 cm X21 cm *0.5 mm) and focused at 700 V for 12.5h (pH 
5-7/21 cm). The gel was overlaid with a reaction cocktail contain- 
ing 100 mM Tris-HCI (pH 7.4), 10 mM MgCl,, 1 pCi '*C-hypoxan- 
thine (50 mCi mmol‘), 10 mM phosphoribosylpyrophosphate and 
4.8 mg ml~' bovine serum albumin (1 ml cocktail per 45 cm? of 
gel) and incubated at 37°C for 1h'*'*. A sheet of polyethyl- 
eneimine-impregnated cellulose was placed on the gel and '*C-IMP 
was allowed to adsorb for 15 min at room temperature. The cel- 
lulose sheet was washed twice with H,O at room temperature and 
autoradiographed. The fractional representation of human and 
mouse enzymes was determined by cutting out radioactive spots 
corresponding to each enzyme, followed by quantitation by liquid 
scintillation counting. Total activity was determined by direct 

assay’®. 


tion of hHPRT mRNA in the CNS and CNS hHPRT-specific 
activity. 

Offspring from two of the four mice were also examined for 
gene inheritance and expression. Mouse 15-1, a male that 
expressed the human gene in all tissues, sired eight pups, five 
of which inherited the human gene. In one of the male offspring 
(15-1-1) the hHPRT gene was expressed in all tissues in a manner 
quantitatively similar to the parent. Mouse 18-5, a male that 
showed expression in brain and kidney tissues, transmitted the 
gene to 6 of 11 offspring; one of the male offspring, 18-5-1, 
expressed hHPRT only in brain and kidney tissues at levels 
comparable to those of its parent. Direct male-to-male trans- 
mission of hHPRT tissue-specific expression supports an auto- 
somal dominant mendelian pattern of inheritance of the human 
gene. 

The responsiveness of the fusion gene to heavy-metal induc- 
tion was examined by Northern analysis of RNAs isolated from 
induced or uninduced transgenic siblings. Figure 4 demonstrates 
the inducible nature of the gene. Cadmium treatment of mouse 
15-1-2, a female offspring of mouse 15-1, resulted in increased 
synthesis of HPRT mRNA in all tissues compared with the 
levels observed in an untreated female sibling, mouse 15-1-3. 
Offspring of mouse 18-5 demonstrated a similar tissue-specific 
pattern of inducibility in kidney and brain tissues. While human 
and mouse HPRT transcripts could not be separated by size, 
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Fig. 3 Slot-blot analysis of RNAs from transgenic mice. RNA 
was isolated from fresh tissues of each mouse'’. Total RNA (20 ug) 
was immobilized on nitrocellulose and hybridized to nick-trans- 
lated Hgal-EcoRI fragment from pHPT-50 in 50% formamide, 
5 x SSC, 0.1% SDS, and 1 x Denhardt's at 65 °C for 12h'”'*. RNA 
from HPRT Chinese hamster cells transfected with pHPT-50 was 
used as a positive control and RNA from a non-transgenic mouse 
brain was used as a negative control. The key at the bottom indicates 
the tissue source of RNA for each mouse. 


heavy-metal inducibility is indicative of a functional metallo- 
thionein promoter, active in generating hHPRT transcripts. 

The mechanism underlying the unexpected elevation of MT- 
hHPRT gene expression in the CNS of transgenic mice remains 
unclear. Durnam and Palmiter have demonstrated that induction 
of genes under the control of the mouse metallothionein pro- 
moter involves an increase in the rate of transcription of those 
genes and that this effect is primarily limited to the liver and 
kidney*. Cd** induction of these genes in brain tissue resulted 
in no more than a 1.4-fold increase in gene transcription. 
Moreover, Palmiter et al. described the brain as being lowest in 
the hierarchy of tissue-specific expression of a metallothionein- 
human growth hormone fusion gene (MT-hGH) introduced 
into transgenic mice®. Thus, it appears unlikely that increased 
transcription due to the MT-I promoter alone could account for 
the consistent elevation of HPRT fusion gene expression in the 
brain. 

It is unknown what effect the HPRT cDNA sequence may 
have on the rate of fusion gene transcription. Charnay et al.’ 
and Wright et al.* have demonstrated that the sequences respon- 
sible for differences in transcription of intact œ- and B-globin 
genes are located 3’ to the mRNA cap site of these genes, 
Suggesting that cis-acting regulatory sequences lie within or 
beyond structural genes. Merrill et al. have shown that informa- 
tion sufficient to specify the regulation of the chicken thymidine 
kinase gene during cellular differentiation is entirely intragenic’. 
The expression of the MT-hGH and MT-hHPRT genes in the 
CNS of transgenic mice differs markedly: there is preferential 
expression of the MT-hGH gene in liver and low expression in 
the CNS. As MT-hHPRT behaves in a different manner, we 
conclude that the sequences within the hHPRT cDNA influence 
the elevated CNS HPRT expression. 

Alternatively, increased CNS expression in these mice may 
involve tissue-specific differences in message stability. Leys et 
al. have demonstrated that expression of the gene encoding 
dihydrofolate reductase is controlled at the level of nuclear 
transcript stabilization”. Furthermore, Jefferson et al. have 
shown that the maintenance of high levels of liver-specific 
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tig.4 Heavy-metal induction of HPRT fusion gene. Total RNA 
(20 ug) isolated from tissues of Cd**-induced mice (15-1-2 and 
18-5-5) and uninduced mice (15-1-3 and 18-5-7) was fractionated 
by electrophoresis through 1.1% agarose-formamide gels, transfer- 
red to nitrocellulose and hybridized with **P-labelled human HPRT 
cDNA. As this probe cross-hybridizes with endogenous mouse 
HPRT mRNA, Cd?*-responsiveness is demonstrated by signal 
intensification with RNA from treated animals. 


mRNA molecules in cultured hepatocytes is a result of increased 
stabilization of these mRNAs''. Presumably, information within 
these RNA molecules influences their selection for specific 
stabilization. 

The present study suggests that sequences within the hHPRT 
cDNA determine increased HPRT specific activity in brain 
tissues. Whether the elevated expression of HPRT in CNS of 
transgenic mice or of normal mice and humans is the con- 
sequence of elevated transcription or message stability cannot 
be resolved from these studies; however, high levels of HPRT 
mRNA and enzyme activity in the CNS are observed in these 
animals in the absence of natural promoter or intron sequences. 

We thank R. Palmiter for valuable advice and for the MT- 
hGH expression vector. We also thank Robert Hammer and 
Myrna Trumbauer for their contributions. This work was sup- 
ported by the Howard Hughes Medical Institute, the Philip 
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NIH grant AM 31428 (to C.T.C.) and by NIH grant HD 17321 
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Recent experiments by Fesenko et al' and ourselves? have shown 
that excised membrane patches from retinal rod outer segments 
contain a cyclic GMP-sensitive conductance which has electrical 
properties similar to those of the light-sensitive conductance. This 
finding supports the notion that cGMP mediates phototransduction 
(see ref. 3) by directly modulating the light-sensitive conductance. 
However, some uncertainty remained about whether the patch 
experiments had discriminated completely between plasma and 
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intracellular disk membranes*; thus the cGMP response in an 
excised membrane could have resulted from contaminating disk 
membrane fragments, which are known to contain a cGMP-regu- 
lated conductance* *. Furthermore, the patch conductance has not 
yet been shown to be light-suppressible, an ultimate criterion for 
identity with the light-sensitive conductance. We now report experi- 
ments on a truncated rod outer segment preparation which resolved 
these issues. The results demonstrated that the cGMP-sensitive 
conductance was present in the plasma membrane of the outer 
segment, and that in the presence of GTP the conductance could 
be suppressed by a light flash. With added ATP, the effectiveness 
of the light flash was reduced and the suppression was more 
transient. The effects of both GTP and ATP were consistent with 
the known biochemistry (see refs 9-11). From the maximum current 
inducible by cGMP, we estimate that ~1% of the light-sensitive 
conductance is normally open in the dark; this would give an 
effective free cGMP concentration of a few micromolar in the 
intact outer segment in the dark. 

Membrane current was recorded in darkness from a toad rod 
outer segment, either isolated or still attached to an inner seg- 
ment, by drawing it partially into a suction pipette containing 
Ringer’s solution’*. The inner segment and the basal portion of 
the outer segment outside the pipette were then broken off with 
a microprobe; this left an open-ended outer segment ‘envelope’ 
whose interior could be dialysed with a pseudointracellular 
_ solution in the bath. The potential difference between the pipette 
interior and the bath was held at 0 mV. 

The upper trace in Fig. 1a shows a recording from an outer 
segment still attached to the inner segment. An inward current 
was present in the dark and was completely suppressed by a 
bright flash; this light response with its normal polarity indicated 
that the plasma membrane was still intact. After ‘truncation’, 
that is, removal of the inner segment and the basal portion of 
the outer segment, a large inward current developed on applica- 
tion of cGMP (Fig. 1a, lower trace). As in excised-patch experi- 
ments’, this cGMP-induced current was little affected by large 
changes in Ca** concentration (Fig. 1b). The delays in the 
turning on and off of the current during changes in cGMP 
probably reflect the time required for cGMP equilibration in 
the outer segment, as they were significantly reduced for shorter 
truncated outer segments (see Fig. 3) and became unnoticeable 
in excised-patch experiments’*. Occasionally (<10% of trials) 
a truncated outer segment showed little or no response to cGMP, 
perhaps because of resealing at the truncated end. When this 
happened, a sizeable cGMP-induced response could often be 
produced by pushing the outer segment out of the pipette for 
several micrometres and repeating the truncation. 

The magnitude of the current induced by a saturating cGMP 
concentration depended on the length of the outer segment (L) 
within the recording pipette. In 9 of 21 experiments, such as 
that shown in Fig. lc, the dependence was reasonably linear, 
indicating a uniform current density along most of the outer 
segment. This linear dependence was rather similar to that 
observed previously for the light-sensitive current'*. In the 
remaining experiments, however, the dependence was linear 
only with short L (<25 um); with longer / the current density 
declined progressively, perhaps because cGMP was unable to 
fully reach and open the conductance at the tip of the outer 
segment. With short L the longitudinal current density ranged 
from 4 to 20 pA pm™ at O mV. Assuming that healthier prepar- 
ations showed more cGMP-responsiveness, we consider the top 
end of this range, 20 pA pm“, to be a more realistic estimate 
of the maximally induced current density. 

Figure 2 shows the dependence of the current on cGMP 
concentration. To study this relationship, the outer segment was 
drawn into the pipette for 25 pm or less to minimize any incom- 
pletely dialysed space within the tip of the outer segment. The 
dose-response relation (Fig. 2b) was very similar to that found 
previously with excised patches of rod outer segment mem- 
brane'*. The current saturated at a cGMP concentration of 
~1mM. The sigmoidicity indicated positive cooperativity of 
cGMP molecules in turning on the conductance, with a Hill 


LETTERS TONATURE 28: 
a Ringer 0 
VERID 
-10 
E TIPERA OS 
Ringer 8 5 ‘ 10 35 
Ringer 0 &mM cGMP 
A (6) 
j | Nenu 
Low Na, “0 
high K ma 
S 
D REME „2go 


imM Ca o Ca 0 Ca 





20: 30 
Lipm} 


Fig. 1 Cyclic GMP-sensitive current recorded from a dialysed, 
open-ended rod outer segment of toad, Bufo marinus. a, 
Demonstration of the method. The length of outer segment within 
the pipette was 45 pm in both upper and lower panels. The flash 
delivered ~22 photons j.£m~* (500 nm); diffuse unpolarized Humi- 
nation. b, Changing the bath Ca concentration had little effect on 
the cGMP-sensitive current. The 0-Ca solution was identical in 
composition to the pseudointracellular solution described below, 
the 1 mM Ca solution contained 1 mM CaCl, and no TMA-EGTA, 
and was otherwise identical to the pseudointracellular solution 
Length of outer segment within the pipette was 42 um. cGMP 
concentration 084 mM. c, Dependence of recorded cGMP-sensi- 
tive current on the length of outer segment within the pipette. 
cGMP concentration 1 0 mM. Lattle change in seal resistance was 
observed throughout the experiment. The slope of the relation gave 
a current density of ~7.0 pA m7! The data points did not cross 
the origin, probably because the point of maximal constriction, 
and hence the initial current-collecting point, of the pipette was 
some distance behind the tip'?. Methods. The outer segments, either 
isolated or still attached to inner segments, were obtained by finely 
chopping up a piece of dark-adapted retina ın infrared light and 
then gently dispersing the chopped pieces. The suction pipette, 
which contained Ringer’s solution, was connected to a current/vol- 
tage converter for recording membrane current’? Seal resistance 
at the pipette tip was generally ~10 MQ. Room temperature, 
20-25 °C; 100-Hz low-pass (8-pole Butterworth) filtering. Normal 
Ringer’s solution contained (in mM): 110 NaCl, 2.5 KCl, 1.6 
MegCl,, 1.0 CaCl, 5 TMA(tetramethylammonium)-HEPES, 5 dex- 
trose, pH 7 6. Pseudointracellular solution contained (inmM) 125 
NaCl, 100 K-gluconate, 1.6 MgCl, 0.1 TMA-EGTA, 5 TMA- 
HEPES, pH7.6. In control experiments with an intact, isolated 
segment, the addition of 1mM cGMP produced a junction cur- 
rent?” of ~3.5 pA; at lower cGMP concentrations the junction 
currents decreased correspondingly. For simplicity we have not 
corrected for these junction currents, but as the cGMP-sensitive 
current was generally much larger than the corresponding junction 
current this should make little difference except perhaps at 10 uM 
cGMP. Except for the experiment of Fig. 2, the ume required for 
the bath solution to change was ~300 ms**. The cGMP-contamuing 
solutions in a~c here and ın Fig. 2 also contained 100 yM IBMX 
(isobutylmethylxanthine) to inhibit any phosphodiesterase activity. 
Different outer segments in a-c 


coefficient, n, of 2.5 and a half-saturating cGMP concentration, 
K,/2, of 42 uM (Fig. 2c, solid circles). Based on averaged data 
from 12 experiments (Fig. 2c, open triangles), n was ~2.5 and 
Kij;2~45 uM. The close similarity between these results and 
those from the excised-patch experiments’* suggested that the 
same cGMP conductance was studied in both cases. In five 
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Fig. 2 Dependence of cGMP-sensittve current on cGMP con- 
centration. a, Actual recordings. The arrows indicate the time 
points at which the the cGMP concentration was changed The 
time taken for a solution change in this experiment was ~2s 
Length of outer segment within the pipette was 19 wm. b, Linear 
plot of the averaged data from a. c, Hill plot of the data in a (@), 
and of averaged results from 12 experiments (A). Error bars 
indicate standard deviations. y, Fraction of conductance open. In 
eight of the 12 experiments, the cGMP concentrations used were 
10, 20, 35, 50, 75, 100, 150, 200, 500 and 1,000 pM. In the remaining 
four experiments, the cGMP concentrations were as shown in a. 
To average over all experiments, the data in the latter four experi- 
ments were first interpolated to 10, 20 uM, etc. before grand averag- 
ing was done. The smooth curve and the straight line fitted to the 
solid circles in b and c respectively were drawn according to the 
function y(C)=C"/[C"+ Ky] with K,,.=42 pM and n=2.5, 
where C is cGMP concentration. 


experiments we have also made measurements both in the dark 
and in continuous bleaching light, and have observed no light- 
induced changes in n, K,,/2 or the saturated current (but see 
below). Thus, neither the characteristics of cGMP binding nor 
the intrinsic conduction properties of the light-sensitive conduct- 
ance in the open state seemed to be influenced by light. In the 
Hill plot of Fig. 2c, there was systematic deviation of the data 
from a straight line at high concentrations of cGMP; this was 
also observed in excised-patch experiments (L. W. Haynes, K.N. 
and K.-W.Y., unpublished), and suggested that the binding of 
cGMP molecules to the receptor was probably not a single-step 
reaction (that is, R+n cGMP = R - cGMP, ) (see ref. 14). 
The light-insensitivity of the cGMP-induced current was 
observed only in the absence of GTP (see, for example, Fig. 
3b). With GTP in the bath, however, the current could be 
suppressed by light (Fig. 3a). In the presence of both GTP and 
ATP, the effectiveness of a light flash was reduced and the 
suppression also became more transient (Fig. 3c). Both the 
requirement for GTP in generating the light response and the 
quenching effect of ATP are consistent with present knowledge 
of the mechanisms controlling light-activated cGMP hydrolysis 
(see, for example, refs 9-11). The light responses in Fig. 3c 
resembled those in an intact cell'?, but they required brighter 


Fig. 3 Effects of GTP and ATP on the cGMP-sensitive current. 
Same outer segment for a-c, length of outer segment within the 
pipette was 25 pm. No IBMX was present in the cGMP-containing 
solutions a, In the presence of GTP the cGMP-induced current 
became light-suppressible. b, The light-sensitivity disappeared on 
removal of GTP. c, Addition of GTP plus ATP restored the light 
response, but the sensitivity to light was significantly reduced. The 
number below each flash monitor indicates the nominal log attenu- 
ation of the light intensity Diffuse unpolarized illumination. The 
‘3.0’ flash delivered ~56 photons m~? (500 nm), which is close 
to an intensity that would normally just saturate the response in 
an intact toad rod (compare with Fig la). The ‘—2.1’ flash delivered 
~361 photons m~? (500 nm). 


light and had slower kinetics. Some quantitative differences 
compared with the responses of intact cells were perhaps inevi- 
table because of the rather arbitrary nucleotide concentrations 
used in the experiment, and also because the dialysing solution 
most probably had disturbed some of the soluble and peripheral 
proteins involved in the light-controlled cGMP metabolism. 

The results described here, together with the excised-patch 
experiments’, provide conclusive evidence that the light-sensi- 
tive conductance in rods is modulated by cGMP. As the observed 
dependence of current on cGMP concentration is nonlinear, it 
might seem surprising that the intensity-response relation in an 
intact cell is linear at low light intensities'*. However, in normal 
conditions the visual excitation triggered by a photon is spatially 
confined to only a small region of the outer segment, within 
which the light-sensitive conductance is effectively shut down 
completely'*. Consequently, as pointed out by Lamb et al.’> the 
intensity-response relation is determined simply by the Poisson 
distribution of photon arrival on the outer segment, which 
predicts a linear relation at low light intensities. 

One parameter important for understanding the transduction 
mechanism is the free cGMP concentration present in the intact 
rod outer segment in the dark. Previous work has shown that 
the light-sensitive conductance of a rod is mostly closed in 
darkness??? and that the dark current can increase 10-20- 
fold in conditions of low external or internal Ca concentra- 
tion'®!’ or high internal cGMP concentration’, This suggests 
that about 5% (ref. 16) of the conductance is normally open in 
darkness. From the Hill plot of Fig. 2c, this would correspond 
to a free cGMP concentration of ~13 uM. This value, however, 
represents the upper estimate because the conductance in an 
intact cell probably cannot be made fully open owing to tight 
regulation of the cGMP metabolism**”*'. 

The experiments described earlier indicated that the maximum 
current density inducible by cGMP was as high as 20 pA pm™! 
at 0 mV, equivalent to a total current of ~1,000 pA for an outer 
segment 50-60 um long. From the current-voltage relation 
measured in intact cells as well as in excised patches, the current 
at a membrane potential of —40 mV is ~2.5 times that at 0 mV 
(refs 21, 22 and L. W. Haynes, K.N. and K.-W.Y., unpublished); 
this gives a maximum dark current of ~2,500 pA at rest, com- 
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pared with a normal current of ~25 pA. In other words, the 
conductance in the dark may be only ~1% open, giving a free 
cGMP concentration of ~6 uM. From this or the above estimate, 
the free cGMP content in the dark would constitute only 5-10% 
of the total, if we take the total cGMP concentration within the 
rod outer segment to be ~60 .M”*~** and the cytosolic space 
to be roughly half of the total volume. This may explain why a 


significant decline in cGMP content has not been detected in. 


the intact retina in physiological lighting conditions”. Based on 
the above estimates, even if all the free cGMP were hydrolysed 
in the light and the conductance completely shut down, the 
overall reduction of cGMP content in the outer segment would 
be only a few per cent. 
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Interleukin-3 (multi-CSF) is a multilineage haematopoietic growth 
regulator that initiates the proliferation and differentiation of 
multipotential stem cells’ *. Complementary DNA clones encoding 
interleukin-3 (IL-3) have recently been isolated®”’ and the structure 
of the IL-3 gene determined®*”’. IL-3 is produced by T lymphocytes 
or T lymphomas only after stimulation with antigens, mitogens or 
chemical activators such as phorbol esters. The myelomonocytic 
leukaemia line WEHI-3B'"' also produces IL-3 but its production 
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Fig. 1 Southern blots of genomic DNA and A clones carrying the 
normal and rearranged IL-3 genes from WEHI-3B D7 cells a, 
Genomic DNA from BALB/c mice and WEHI-3B cells; b, A clones 
from a WEHI-3B genomic library. The DNA samples were digested 
with EcoRI restriction endonuclease, electrophoresed on a 1% 
agarose gel, transferred to nitrocellulose membrane and hybridized 
with a probe prepared from the HindIII- Ncol fragment of an IL-3 
cDNA clone® by random pnming’. 


is constitutive”?! and the WEHI-3B cells do not appear to produce 


significant levels of any of the other lymphokines normally secreted 
by T lymphocytes after stimulation. It has been proposed that the 
genetic change leading to the constitutive expression of IL-3 may 
have been a key event in the development of this leakaemia™>">"*, 
We report here that the constitutive synthesis of IL-3 by the 
WEHI-3B cell line is due to the insertion of an endogenous 
retrovirus-like element close to the 5’ end of the gene. The insertion, 
an intracisternal A particle (IAP) genome, is positioned with its 
5’ long terminal repeat (LTR) close to the promoter region of the 
IL-3 gene, resulting in constitutive synthesis of IL-3. 

To investigate the reason for constitutive expression of the 
IL-3 gene in the leukaemia line WEHI-3B, genomic blots were 
carried out using a murine IL-3 cDNA probe*®. Since WEHI-3B 
cells were originally derived from BALB/c mice, genomic blots 
using BALB/c DNA were done in parallel. In BALB/c mice, 
blots of genomic DNA digested with EcoRI restriction endonu- 
clease showed a single band of about 8.5 kilobases (kb) using 
an IL-3 cDNA probe (Fig. 1a), as expected®*’. In the case of 
WEHI-3B, analogous blots showed the presence of this band 
plus a smaller band of similar intensity of about 3.8 kb. This 
suggested the presence of a normal IL-3 gene together with a 
rearranged IL-3 gene in WEHI-3B cells. The results of further 
blots carried out using genomic DNA digested with BamHI or 
HindIII restriction endonucleases suggested that the rearranged 
IL-3 gene differed from the notmal gene only at its 5’ end. 

A genomic library was prepared from WEHI-3B DNA using 
the AEMBL3A vector”, and screened”? for recombinant phage 
hybridizing to the IL-3 cDNA probe. These clones were found 
to belong to two different families corresponding to the normal 
and rearranged IL-3 genes inferred from the genomic blots, and 
possessed 8.5-kb and 3.8-kb EcoRI fragments respectively, 
which hybridized with the IL-3 cDNA probe (Fig. 1b). It was 
established that the restriction sites in the 3’-flanking region of 
the rearranged IL-3 gene were the same as those of the normal 
IL-3 gene from WEHI-3B cells. Digestion with Hpall and HinfI 
restriction endonucleases and hybridization with the IL-3 cDNA 
probe verified that both the normal and rearranged IL-3 genes 
from WEHI-3B possessed the fragments predicted from the IL-3 
gene sequence. Thus the rearrangement appeared to be local- 
ized to the 5'-flanking region of the IL-3 gene. 

Digestion with EcoRI/ BamHI and EcoRI/ HindIII restric- 
tion enzymes and hybridization with both the IL-3 cDNA probe 
and a probe derived from the 5’-flanking region of the IL-3 gene 
from BALB/c mice indicated that in the rearranged gene, the 
normal 5’-flanking region of thé IL-3 gene had been moved 
several kilobases upstream (Fig. 2). This provided clear evidence 
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Fig. 3 a, The region of the junction between the 5’ LTR of the 
IAP genome and the promoter region of the IL-3 gene in the rIL-3. 
The sequencing strategy is summarized beneath the LTR. b, 
Nucleotide sequence of the region of the junction between the IAP 
genome and the IL-3 gene in rIL-3. The sequence includes a 15-bp 
region of the body of the IAP genome, the 5’ LTR and a region 
of the IL-3 gene at the junction. The sequence of the 5’ LTR of an 
IAP genome found in re-mos”° is shown for comparison. The 
4-base inverted terminal repeat (5' TGTT/ AACA 3’) characteristic 
of IAP LTRs is indicated. 

Methods. DNA sequencing was carried out by the chain termina- 
tion method*!** after subcloning appropriate fragments into 
Mi3mp8™. Sequencing was initiated using either a universal 
primer” or one of the three internal primers (P1, P2 or P3) 17 
nucleotides long, which were synthesized by the phosphite tr triester 
method“***, The computer programs described by Staden® were 

used to analyse and assemble the sequence data. 
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Fig. 2 Restriction map of the normal and 

rearranged IL-3 genes and a summary of the A 

clones isolated from WEHI-3B. E, EcoRI; B, 

BamHI; H, HindIll; S, Sali. P1-P4 indicate 

the restriction fragments used for probe syn- 
thesis. 


for the presence of an insertion in the rearranged IL-3 gene. To 
establish the nature of the insertion, the 0.6-kb HindIII fragment 
and the 2.0-kb EcoRI- BamHI fragment covering the 3’ terminus 
of the insertion were subcloned into M13mp8'? for sequence 
analysis (Fig. 3a). 

The site of the insertion was found to be 215 bases upstream 
of the putative IL-3 TATA boz? (Fig. 3b). Comparison of the 
insert sequence with the Genbank database showed that it was 
highly homologous (~93% identity) (Fig. 3b) with the 5 LTR 
of an IAP which was previously found to have inserted into the 
cellular oncogene c-mos resulting in its activation”®. The orienta- 
tion of the IAP genome in rIL-3 is 5’ LTR to the 5’ end of IL-3 
gene. The LTR possesses the four-base terminal inverted repeat 
(S’TGTT/AACA 3’) which is typical of the LTRs of the IAP 
genomes sequenced to date from Mus musculus?!” 

Further hybridization experiments were carried out using 
probes made from rIL-3 gene fragments carrying the 5’ LTR. 
These experiments showed the presence of the 3’ LTR further 
upstream as shown in Fig. 2. The total size of the IAP genome 
was estimated to be 4.8 kb, close to the size of the IAP genome 
in rc-mos*’. The 2.6-kb BamHI fragment carrying the 3’ LTR 
was subcloned into Mi3mp8 and this clone and the restriction 
fragment itself were partially sequenced using the internal 
primers P1 and P2 (see Fig.3). The sequence so far obtained 
(190 bp) of the 3’ LTR is identical to that of the 5’ LTR. The. 
sequencing experiments also provided the sequence at the junc- 
tion between the 3’ LTR and the host sequence (Fig. 4). There 
is a 6-base duplication of host sequence (CACAAC) at the 
junctions of the IAP genome and IL-3 gene sequence. This is 
consistent with other instances of IAP genome insertions into 
cellular genes*”-*”, The sequence of the IAP genome downstream 
from the 5’ LTR (that is, away from the IL-3 gene) showed the 
expected transfer RNA primer binding site for (—) strand syn- 
thesis which is complementary to the 3’ end of mammalian 
phenylalanine tRNA”. Immediately upstream from the 3’ LTR, 
the purine-rich (+) strand primer sequences” were present. Thus 
the IAP genome inserted into the IL-3 gene has the characteris- 
tics previously reported for other [AP genomes in addition to 
the conserved sequences of the LTRs. 

The A clones 3.2 and 3.3 carrying the rearranged and normal 
IL-3 genes respectively were transfected into BALB/c NIH 3T3 
cells using the calcium phosphate precipitation method”. Cul- 
tures were assayed periodically for IL-3 production using the 
IL-3-dependent cell line 32D-c123 (refs 25, 26). Cell transfec- 
ted with A clone 3.2 (carrying rIL-3) produced detectable IL-3 
4 days post-transfection and the levels of IL-3 continued to 
increase up to day 8 (Fig. 5), reaching levels approximately 22% 
of those produced by WEHI-3B cells. In contrast, no IL-3 was 
produced by cells transfected with carrier DNA or transfected 
with A clone 3.3 which carries the normal IL-3 gene. Clear 
verification of these results was obtained when the transient 
expression assays were repeated using monkey COS-1 cells. Six 
days after transfection, cells transfected with A clone 3.2 gave 
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Fig. 4 Organization of the IAP genome in rIL-3. The 6-bp repeat 
of host sequence at the site of insertion of the IAP genome is 
shown together with the 4-bp inverted repeats which mark the 
extremities of each LTR. Apart from the 6-bp duplication at the 
site of insertion, no changes in the host sequence were found for 
100 bp either side of the insertion site. The IAP genome is inserted 
in a head-to-head orientation, with the 5’ LTR to the 5’ end of the 
IL-3 gene. The IAP sequence adjacent to the 5’ LTR (underlined) 
shows part of the 5’ LTR tRNA primer binding site for (—) strand 
synthesis, and that adjacent to the 3’ LTR shows the purine-rich 
(+) strand primer sequences”. 


IL-3 levels 63% of those found in WEHI-3B conditioned 
medium whereas those transfected with clone 3.3 produced no 
detectable IL-3. 

The inability of the A clone carrying the normal gene to be 
expressed efficiently in mouse 373 cells is in agreement with the 
silent nature of the endogenous IL-3 gene in these cells. These 
results are in contrast to those of Miyatake et al.? who transfected 
the mouse IL-3 gene and pSV2neo into L cells and after selection 
for G418 resistance found that most of the transfected clones 
were producing low levels of IL-3. It is difficult to directly 
compare these experiments since the present work involves 
transient expression whereas the transfection experiments of 
Miyatake et al.” involved selection for chromosomal integration. 
In addition, the expression of the integrated IL-3 genes may 
have been enhanced by adjacent copies of pSV2neo. 

The IAP LTRs seem to have many features in common with 
other retroviral LTRs”. In particular they appear to contain 
sequences for promotion, initiation, and termination of viral 
RNA transcription and for polyadenylation of the transcripts”. 
They also have a conserved sequence GIGGTAAA similar to 
the simian virus 40 enhancer ‘core’ sequence GTGGA}\ (refs. 
21,28). The insertion of the IAP genome 215 bases upstream 
of the IL-3 TATA box may have produced constitutive 
expression of IL-3 by one of several different mechanisms. The 
proximity of the 5’ LTR to the IL-3 gene could provide a new 
promoter for the gene, The orientation of the 5’ LTR is such 
that normal transcription from within the LTR would be directed 
away from the IL-3 gene, but there is formally the possibility 
of a cryptic promoter being present as has been demonstrated 
in the case of rc-mos*®. However, all three IL-3 cDNA clones 
from WEHI-3B which have been characterized® have the same 
5’ end as the full-length cDNA clones derived by Yokota et al.’ 
from a T-cell line. Thus it seems likely that most transcripts in 
WEHI-3B are coming from the IL-3 promoter which is intact 
in the rearranged IL-3 gene. Another possibility is that the 5’ LTR 
of the IAP genome is providing an enhancer sequence which 
promotes transcription of the IL-3 gene. Alternatively, the effect 
of the IAP genome insertion may have been to insertionally 
inactivate a cis-acting regulatory sequence or to move it up- 
stream away from the IL-3 gene. 

Intracisternal A particles are found budding from the endo- 
plasmic reticulum in a variety of mouse tumours, in mouse 
embryos, but rarely in normal cells (see ref. 30). About 1,000 IAP 
genomes are present per haploid genome of Mus musculus and 
the IAP genomes, which are analogous to the proviral forms of 
retroviruses, vary in size from 4 to 7 kb. IAP transcripts have 
been shown to increase 50-fold over normal tissue in the case 
of a mouse colon tumour and to be significantly elevated in 
three different mouse leukaemias*'. Insertional mutations by 
IAP genomes have been reported for x light-chain genes*” where 
inactivation of gene function occurred and for the cellular 
oncogene c-mos in which case the gene was activated”. In the 
present case insertion of a closely similar IAP genome to that 
present in rc-mos has resulted in constitutive expression of the 
IL-3 gene. 
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Fig. Production of IL-3 by BALB/c 3T3 cells 8 days after 
transfection with A clones from WEHI-3B (see Fig. 2) and carrier 
calf thymus DNA (CTD) as a control. IL-3 in the supernatants 
diluted 1:10 was assayed on the dependent cell line 32D-ci23 by 
measuring uptake of *H-thymidine after 24 h*°*°. Cultures were 
transfected by the calcium phosphate technique” using 0.5 pg of 
A DNA and 0.5 pg of CTD per culture. Data for three individual 
cultures (27 mm diameter) of 3T3 celis are shown in each case. 
Cultures transfected with mixed DNA from clones 3.2 and 3.3 
produced similar levels of IL-3 to those transfected with clone 3.2 
alone (P > 0.05), indicating that clone 3.3 had no inhibitory effect 
on IL-3 production. Counts obtained from cells transfected with 
clone 3.3 or CTD alone are not significantly different from controls 
in the IL-3 assay. Maximum counts obtained with WEHI-3B condi- 
tioned medium diluted 1:10=72,000 c.p.m. 


There is growing interest in the role of autostimulatory 
mechanisms in oncogenesis?” A variety of circumstantial 
evidence supports the possible autocrine role of transforming 
growth factors**-°° in certain cancers and several oncogenes 
appear to be related to growth factors or their receptors’’~*’. 
The growth and differentiation of cells of the haematopoietic 
system are regulated, at least in vitro, by specific growth factors’. 
Any alterations in these normal regulatory mechanisms are of 
potential significance in the development of tumorigenicity. It 
is possible that WEHI-3B arose initially from an IL-3-dependent 
neutrophil-macrophage progenitor cell and that the activation 
of the IL-3 gene may have been an important transitional step 
in the production of this leukaemia. Further evolution of this 
progenitor may have resulted in bypassing of the initial autocrine 
loop. This may explain why WEHI-3B cells possess only low 
levels of IL-3 receptors (see ref. 40) although this could also be 
due to down-regulation. i 
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Wilms’ tumour probably arises from embryonal kidney cells and 
occurs in both hereditary and sporadic forms’, Knudson and Strong 
have suggested that both forms of the disease are initiated by two 
mutational events’. In the case of the inherited form, cytogenetic 
evidence indicates that a germline deletion of chromosome band 
11p13 may correspond to one of the two mutations’*. DNA 
mapping evidence is consistent with the notion that the tumour 
susceptibility gene (Wg) on chromosome 11 is actually recessive”. 
Comings has proposed that the dominantly inherited tumours may 
arise by the inactivation or loss of a diploid pair of regulatory 
genes which normally suppress the expression of a structural 
transforming gene (Tg)'°. It has recently been suggested that the 
N-mye oncogene may serve as a transforming gene in retinoblas- 
toma'’, although no such gene has yet been identified in Wilms’ 
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tumour. We now report that in four cases of Wilms’ tumour, 
insulin-like growth factor-I] (IGF-II) transcripts are highly ele- 
vated compared with the adjacent normal kidney. In addition, we 
have mapped the gene for IGF-II to chromosome band 11p14.1, 
which is in the immediate vicinity of Wg. These findings suggest 
that IGF-II may be involved in the aetiology of Wilms’ tumour. 

Initially we designed experiments to test whether the IGF-II 
locus is in the same 11p13 region as Wg. To do this, we used a 
lymphoblastoid cell line derived from a patient described as 
having a triplication of 11p material arising from the insertion 
of an lip segment (11p11.2-11p14.1) into the long arm of one 
chromosome 11 at band 11q22.2 (refs 12, 13). This chromosome 
region encompasses Wg, and a half-sister of the above patient 
who is hemizygous for this segment has been described as having 
aniridia, multiple anomalies and mental retardation, which form 
part of the aniridia- Wilms’ tumour association’. : 

The chromosomal location of IGF-II was determined by the 
in situ hybridization of a full-length complementary DNA plas- 
mid (phigf2)'* to metaphase chromosomes (cell line GM5913 
from the Mutant Cell Repository, Camden, New Jersey) contain- 
ing the l1p triplication. The phigf2 probe hybridized sig- 
nificantly (P <0.001) to the short arms of the normal and dupli- 
cated chromosomes 11 (Fig. 1), thus confirming the recent 
assignments of IGF-II to the chromosome 11 short arm'®’’. In 
addition, a third hybridization site of equal intensity was detec- 
ted on the long arm of the dup(11) chromosome but not on the 
long arm of the normal chromosome 11. As the position of the 
hybridization site on the dup(11) long arm corresponds to the 
site of insertion of the triplicated segment 11p11.2-11p14.1, we 
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Methods. Mitotic chromosome preparations were obtained from methotrexate-synchronized cell cultures. The phigf2 plasmid was labelled to 
5 x 10° d.p.m. per pg by nick-translation using '*°1-dCTP. The hybridization solution contained phigf2 (300 pg mi~'), 10 mM sodium phosphate, 
1 mM iododeoxcytidine, 10 mM potassium iodide, 300 mM sodium chloride, 30 mM sodium citrate, 50% formamide (v/v), 10% dextran 
sulphate (w/v) and 500 pg ml”! heparin. In situ hybridization was done as previously described”? Slides were exposed to Kodak NTB-2 
emulsion for 6-11 days, then developed and chromosomes were trypsin-Giemsa banded through the emulsion The grain distribution was 


analysed using the Poisson distribution method”. 
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Fig. 2 Distribution of silver grains 
on chromosome 11 after in situ 
hybridization with the IGF-II DNA 
probe. The phigf2 probe was hybrid- 
ized to GM5913 chromosomes as 
described in Fig. 1 legend. The total 
number of grains hybridizing to the 
individual chromosome bands of 
both the short arms of the normal 
chromosomes 11 and dup(11) were 
scored. 





conclude that phigf2 hybridizes between 11p11.2 and 11p14.1. 

Finer localization of the IGF-II gene was achieved by scoring 
the total number of grains over the individual bands on the 
short arm of the normal and duplicated chromosomes 11. The 
results were scored independently by two observers. The actual 
distribution of grains along the 11p arm was similar to a normal 
distribution, with a maximum near the boundary of bands 11p13 
and 11p14 (data not shown). However, when grains were as- 
signed to individual bands (Fig. 2), only band 11p14 hybridized 
significantly to the phigf2 probe. The apparent change in the 
distribution was due to the relative sizes of the bands. We 
conclude, therefore, that the IGF-II gene is located within the 
centromere-proximal region of sub-band 11p14.1, because it is 
within this band that the chromosome 11 break has been deter- 
mined to occur during the 11p> 11q insertion-translocation”’. 

The assignment of IGF-II to 11p14.1 is of interest because 
this segment is immediately adjacent to (and may even be within) 
the chromosome region which is deleted**"'*'? or involved in 
translocation™ in Wilms’ tumour. The close physical proximity 
of this growth-factor gene to Wg suggests that it may play a 
part in the aetiology of Wilms’ tumour. To investigate this 
possibility, we have examined IGF-II RNA synthesis in sporadic 
Wilms’ tumours from four patients, and have used as controls 
RNA preparations derived from adjacent histologically 
confirmed normal kidney. Total RNA samples from kidney and 
tumour were serially diluted, dot-blotted*' onto nitrocellulose 
and the nitrocellulose filter was hybridized with the phigf2 
probe. The autoradiograph from this experiment showed clearly 
that IGF-II transcripts were 16-64-fold more abundant in the 
tumour samples than in the corresponding normal kidney (Fig. 
3a, tumours H, I, B and C). A neuroblastoma of adrenal origin 
which had infiltrated the kidney was also analysed, but in this 
case IGF-II expression was not elevated (Fig. 3a, tumour J). A 
comparison of IGF-II expression levels between the tumour 
samples indicates that two were higher (H and I) while two 
were lower (B and C) than in a human term placenta (Fig. 3a). 
The significance of this variation is unclear, although the stage 
of the tumour or metabolic rate may contribute to this variation. 


Fig. 3 RNA dot-blot analyses of Wilms’ 

tumour and kidney RNA. Total RNA was iso- £ 
lated from tissue samples by the Gu SCN pro- 
cedure™*. Tissue samples were obtained from 
tumours (T) and normal kidney adjacent to the 
tumour (K). Sample J was from a patient with 
neuroblastoma infiltrating the kidney, while all 
others were obtained from patients with Wilms’ 
tumour (H, I, B and C). Tissue from a term 
placenta (Plac.) was also analysed. RNA 
samples were denatured in 0.44M formal- 
dehyde and 3 x SSC at 60 °C for 15 min, chilled 
on ice and twofold serial dilutions were applied 
to nitrocellulose sheets*'. RNA was loaded 
from left to right using the following amounts: 
Sug, 2.5 ug, 1.2pg, 0.6 ug, 0.3 pg, 0.15 pg, 
0.07 ug and 0.03 ug, respectively. Blots were 
hybridized with either **P-labelled** phigf.2 
IGF-II insert (a) or a 2.9-kilobase SacI frag- 
ment of the Ha-ras oncogene (b) which con- 
tains the coding regions™®. Blots were washed 

in 0.1 XSSC, 0.5% SDS at 68 °C. 
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These data nevertheless do suggest that in these Wilms’ tumours, 
the level of IGF-II transcripts does not differ considerably from 
that observed in a normal expressing tissue. To determine 
whether placenta and tumour transcripts were similar, a North- 
ern blot was prepared? using IGF-II as the probe. The 
autoradiograph shown in Fig. 4 indicates that three major tran- 
scripts (6.0, 4.9 and 2.0 kilobases) were present in both placenta 
and tumour H. As anticipated from the dot-blot analyses (see 
above), IGF-II hybridization could not be detected to an identi- 
cally prepared Northern blot of kidney RNA from this patient, 
thus eliminating any possible contribution to the hybridization 
signal of RNA sequences other than IGF-II. The RNA from 
tumours B, C and I was not completely intact and therefore a 
comparison was not made. 

The Ha-ras gene is also known to be located on the short 
arm of chromosome 11 (refs 13, 23, 24), and the expression of 
this gene was analysed as a control on a duplicate of the dot-blot 
shown in Fig. 3a. In contrast to IGF-II, the abundance of Ha-ras 
transcripts varied only two- to fourfold between normal and 
tumorous tissue (Fig. 3b). It may be significant that Ha-ras 
expression is lower in tumours B and C than in normal kidney. 
Whether this reflects a lower tumour metabolic rate is unclear; 
however, as discussed above, these two tumours also had a 
lower level of IGF-II expression than tumours H and I. Further 
controls were done to examine the possibility that other insulin 
peptides were expressed in Wilms’ tumour. Dot-blot analyses 
identical to that shown in Fig. 3 were done using insulin 
(chromosome 11 short arm**) and IGF-I (chromosome 12 long 
arm'*'’) as probes. Insulin expression was below the level of 
detection in all samples, while IGF-I was expressed at lower 
levels in three tumours compared with the adjacent kidney 
(tumours I, B, C) and in one tumour (H) the level was double 
that in the corresponding kidney (data not shown). The tran- 
scription pattern exhibited by IGF-II in these Wilms’ tumours 
was therefore quite distinct from that observed for the related 
IGF-I and insulin peptides. 

While we cannot eliminate the possibility that IGF-II activa- 
tion results from a subtle alteration within or surrounding the 
coding region, we can eliminate gross rearrangements and gene 
amplification, because Southern blot analyses of kidney and 
tumour DNA (HindIII digests) were identical (data not shown). 
When account is taken of our further observations that in three 
out of four of these tumours, chromosome 11 had undergone 
detectable changes involving a mitotic recombination (tumour 
H)**, aneuploid loss (tumour I) or reduction to homozygosity 
(tumour C) (A. M. Raizis et al., in preparation), the regulatory 
models of Knudson and Strong and Comings'® appear most 
appropriate. 

We therefore postulate that IGF-II expression occurs in 
Wilms’ tumour as the result of both alleles of a regulator gene 
being inactivated or eliminated from the cell. Although we 
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Fig. 4 Northern-blot analyses of 
Wilms’ tumour and term placenta 
transcripts. Total RNA from 
placenta (20 pg) and tumour H 
(5 ug) was electrophoresed in a 1.5% 
agarose-formaldehyde gel? and 
transferred to nitrocellulose filters. 
The blot was hybridized with °P- 
labelled phigf.2 IGF-II insert and 
washed as described in Fig. 3 legend. 
Transcript sizes were determined by 
comparison with a A HindIII/ EcoRI 
digest. 





cannot exclude the possibility that IGF-II is simply an embry- 
onal gene which is active at the developmental stage during 
_. which tumour initiation occurred, IGF-II does have many 
properties that are consistent with it being an embryonal trans- 
forming gene. For example, IGF-II is a mitogen that stimulates 
DNA synthesis in cultured embryo fibroblasts”. Furthermore, 
the rat counterpart of IGF-II (multiplication stimulating 
activity) is synthesized at high levels in the embryo but not 
during adult life, suggesting that it is important in the develop- 
ment of embryonal tissues***'. In addition, it is intriguing that 
> IGF-I] maps in the immediate vicinity of the presumptive Wg 
locus, and while the physical linking of regulatory and trans- 
3 forming genes is not an essential part of the carcinogenesis 
.theory’’, it does make some evolutionary sense for such genes 
“to be linked if they are also required to interact during normal 
embryonal development. 
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Wilms’ tumour (nephroblastoma) is an embryonal neoplasm 
occurring in hereditary and spontaneous forms. Both types show 
rearrangements of the short arm of chromosome 11. The germ 
line of children with the rare inherited triad of aniridia, genito- 
urinary abnormality and mental retardation carry a chromosome 
11 that has a deletion in its short arm (band 11p13) and these 
children are at increased risk of developing Wilms’ tumour’? 
Neonates with the Beckwith-Wiedemann syndrome, in which there 
may be duplication of the 11p13—11p15 region, are similarly 
predisposed’. In the spontaneous form of the tumour a deletion 
of the 11p14 band in tumour cells, but not in normal cells, has 
been reported‘, and the development of homozygosity for recessive 
mutations in the lip region is implicated in the aetiology of Wilms’ 
tumour’ *. In view of these chromosomal rearrangements and 
because Wilms’ tumour is histologicall ly indistinguishable from 
the early stages of kidney development’, we have now examined 
the expression of genes localized to 11p in Wilms’ tumour and 
human embryonic tissue. In 12 sporadic tumours examined, the 
expression of the gene coding for insulin-like growth factor-II 
(IGF-II), localized to the 11p15 region, was markedly increased 
relative to adult tissues, but was comparable to the level of 
expression in several fetal tissues including kidney, liver, adrenals 
and striated muscle. This may reflect the stage of tumour differenti- 
ation, but could also contribute to the malignant process, as IGF-II 
is an embryonal mitogen'®- 

The Wilms’ tumours studied were unilateral tumours of the 
typical spontaneous variety. The patients were without aniridia 
or Beckwith’s syndrome. RNA was prepared — from Wilms’ 
tumours, other tumours of embryonal origin and adult tissue 
removed at surgery. Human fetal tissue was obtained from 
first-term therapeutic abortions and as full-term placenta. To 
explore the effect of the Wilms’ tumour locus on the expression 
of genes localized to 11p, Northern and dot-blots were prepared 
from total RNA and hybridized with DNA probes for IGF-II 
(11p15) (refs 14, 15 and C. Morton, L.B.R., G.I.B. and T. Shows, 
unpublished data), insulin (11p15-p15.5)'®'®, c-Ha-ras-1, 
(11p15.1-p15.5)'**" and calcitonin (11p13-p15)**"**, We have 
also studied expression of the IGF-I (12q)'° gene because of 
the close amino-acid sequence relationship of this peptide to 
IGF-I} and insulin, and have examined the production of 
messenger RNA for a-transforming growth factor (TGF), a 
developmentally regulated tumour mitogen”? known to be pro- 
duced in kidney (G.I.B., unpublished data). 
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Fig. 1 A, Dot-blot analysis of total RNA (10 ug) isolated from tissues and probed with °*P-labelled IGF-II cDNA. a, Lane 1, normal adult: 
kidney; lanes 2-12, Wilms’ tumour. b, Samples as a, but treated with NaOH ás a control for hybridization to contaminating chromosomal 
DNA. c, Lane 1, Wilms’ tumour: lane 2, adult liver; lanes 3-5, fetal kidney; lane 6, umbilical cord, lane 7, term placenta; lane 8, neuroblastoma; 
lanes 9, 10, rhabdomysarcoma; lanes 11, 12, Ewing's sarcoma. d, Samples as in c, but treated with NaOH. e, Lane 2, L-cells; lane 3, fetal 
liver; lane 4, amnion; lane 5, villus trophoblast; lane 6, fetal tongue; lane 7, fetal brain; lanes 8-10, fetal adrenal; lanes 11, 12, fetal heart. f, 
Samples as e, but treated with NaOH. B, Northern blot analysis of total RNA (10 ug) hybridized to IGF-II cDNA. a, Lanes 1-12, Wilms’ 
tumour. b, Lane 1, adult liver; lane 2, adult kidney; lanes 3, 4, rhabdomyosarcoma; lane 5, term placenta; lane 6, umbilical cord; lane 7, fetal 
tongue; lane 8, fetal striated muscle; lane 9, fetal brain; lane 10, fetal liver; lane 11, fetal kidney; lane 12, fetal adrenal. c, Lane 1, prolonged 
exposure of 10 ug adult human liver total RNA; lane 2, prolonged exposure of 40 ug of adult kidney RNA. Size markers were fragments of 
Hindlll-digested A DNA. Fragment sizes are in kb. C, Dot-blot analysis of total RNA (10 ug) hybridized with *’P-labelled IGF-I cDNA | 
(a, b). Insulin gene (c, d), calcitonin gene (e, f), c-Ha-ras-1 probe (g, h), and 925-base pair probe for entire coding region of a-TGF (i,j). — 
The samples are: lane 1, a, c, €, g, i, normal adult kidney; lanes 2-12, Wilms’ tumour; b, d, f, h and j are as a, c, e, g, i, but hydrolysed with = 
NaOH. The NaQH-treated control for IGF-I shows that the signal is caused by contaminating DNA. 
Methods. Surgical specimens were placed immediately in liquid nitrogen. Fetal samples were dealt with as described previously and frozen 
in liquid nitrogen*®. RNA was isolated, dot-blots and Northern blots prepared” using 10 wg of total RNA, hybridized with the appropriate 
DNA fragment *?P-labelled by random priming”? and washed. 


In all 12 Wilms’ tumours examined, IGF-II mRNA was 
increased 10-100-fold (Fig. 1A, Table 1) compared with adult 
liver and kidney, the principal sites of IGF-II gene expression 
in adult primates’. Three major transcripts of 6.0, 4.8 and 1.9 
kilobases (kb) were demonstrated in Wilms’ tumour (Fig. 1B). 
In total RNA from normal adult kidney, similar-sized IGF-II 
transcripts were detectable. The only IGF-II transcript in adult 
liver was somewhat smaller at 5.3 kb. In contrast to adult tissues, 
adrenal, liver, kidney and striated muscle taken from 7-10-week 
human fetuses contained IGF-II mRNA concentrations that 
were comparable to those in Wilms’ tumour, and the transcripts 
were of the same size as in the tumour. Slightly lower levels of 
these mRNAs were observed in first-term fetal heart, lung, 
intestine, umbilical cord, amnion, villus trophoblast, yolk sac 
and term placenta. The IGF-II mRNA sizes in these fetal tissues 
were also the same as in Wilms’ tumour. The only fetal tissue 
examined that was negative for IGF-II gene expression was 
brain, in contrast to adult macaque? and human brain (J.S., 
M.E.R. and G. Taylor, unpublished data), where IGF-II mRNA 
is found in all regions. Examination of other embryonal tumours 
showed abundant IGF-II mRNA in rhabdomyosarcoma, a low 
level in Ewing’s sarcoma of bone and embryonal carcinoma, 
but none in the neuroembryonal tumours neuroblastoma and 
retinoblastoma. Although the demonstration of IGF-II mRNA 
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in Wilms’ tumour does not confirm that the protein itself is — 
synthesized, the demonstration of similar mRNA concentrations - 
and transcript sizes to those of fetal organs suggests that this is" 
likely. = 

We found no expression of the genes for IGF-I, insulin and et 
calcitonin in Wilms’ tumour, fetal tissue (data not shown) or — 
normal adult kidney (Fig. 1C). Comparable levels of c-H-ras-1 _ 
mRNA were present in normal kidney and Wilms’ tumour. Low | 
levels of a-TGF mRNA were found in four of the Wilms’ — 
tumours, but none was found in the fetal tissues examined (data _ 
not shown). La 

The IGF-II gene is located in the 11p15 region (C. Morton, 
L.B.R., G.I.B. and T. Shows, HGM8, 1985). The insulin and 
c-H-ras I genes are localized in the same band'™-™. This section _ 
of chromosome 11 is duplicated in some patients with Beckwith- 
Wiedemann syndrome who are characterized by the presence H: 
at birth of exomphalous, macroglossia and gigantism and who 
also have an increased risk of developing Wilms’ tumour’. These 
features may result from overproduction of IGF-II. In view of 
the large physical distance between the Wilms’ tumour locus at 
11p13 and the IGF-II gene, it was not surprising to find no 
rearrangement or amplification of the gene in DNA isolated 
from these Wilms’ tumours (data not shown). Two tumours 
studied had, however, developed homozygosity for chromosome 
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6 61 
l 40 
— 60 
L intestine (0.08) ~— 
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ecified region of intestine 6 
f (0.7) ask 
(0.2) 12 
t (1.2) 18 
tal muscle | 38 
u 49 
0.5 ND 
placenta 25 
š trophoblast 23 
ilical cord 35 
10 
ac 19 
Wilms’ tumour 47 (6-98; 12) 
-({nephroblastoma) 
Rhabdomyosarcoma 56, 102(2) 
Neuroblastoma ND(1) 
Retinoblastoma ND(1) 
wing's sarcoma 1.3(2) 
Teratocarcinoma 4(1-10; 4) 
Hepatoblastoma (Hep G2 cells) 4l 
ND 


Relative levels of IGF-I] were determined by averaging densitometer 
cans of several dot-blot matrices. The values are normalized to those 
f adult human kidney. Values in parentheses are for adult macaque”® 

Jata før tumours are shown respectively as the mean, range and number 


3 kb. ND, none demonstrated. 


ip fàrkers (J.C., unpublished observations). 
here are several possible explanations for the increased 
F-II gene expression in Wilms’ tumour. (1) Deletion of a 
e region of 11p might lead to approximation of the Wilms’ 
umour locus to the IGF-II gene and consequent enhanced 
pression. While we cannot exclude this possibility, large dele- 
ns of a size necessary to produce this effect do not commonly 
it in Wilms’ tumour and we have not demonstrated altered 
ion of the insulin and c-H-ras genes which also reside 
locus'’*°. (2) The recessive mutation® that leads to 
umour may cause re-activation of a set of embryonic 
tich includes the gene coding for IGF-II, a growth factor 
roduced during fetal development. Hence, the activa- 
us gene may reflect the stage of tumour differentiation. 
IGF-II gene is expressed at high levels in rhabdomy- 
nd fetal muscle, but not in neuroembryonal tumours 
| ain, supports this view. Whether increased IGF-II 
: ession is associated with heterozygosity for the Wilms’ 
: utation and is responsible for the increased stature 
Shannon, personal communication) and hemihyper- 
that may be observed in Wilms’ tumour patients, is 
(3) Since IGF-II is an embryonal mitogen'®", the 
factor itself may initiate or contribute to the tumour 
autocrine or paracrine mechanisms?” . Finally, if the 
‘ein itself is overproduced, it may serve as an impor- 
emical marker for the diagnosis of Wilms’ tumour in 
risk or for monitoring the recurrence of the tumour in 
under treatment. 
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added in proof: A common pathogenetic mechanism 
living the loss of heterozygosity for 11p markers has been 























of tumours examined. The transcript sizes in Hep G2 cells were 6.0 and 











demonstrated in Wilms’ tumour, 
hepatoblastoma®', the same embryonal neoplasms in which we © 
demonstrate high IGF-II gene expression, and for which there | 
is increased risk in Beckwith- Wiedemann syndrome. Embryonal 
tumours that remain heterozygous for 11p markers do not over- 
express the IGF-II gene. Our results further predict that embry- 
onal tumours of adrenal origin, a fetal tissue that like kidney, 
muscle and liver also expresses the IGF-II gene at high levels, 
will arise by the same mechanism. 
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For many species of pathogenic bacteria, invasion and survival 
within animal cells is central to establishing a successful host- 
parasite relationship'~*. Localization within host cells protects the 
microorganism Hed host defences’, or permits it to cross epi- 
thelial barriers and subsequently become systemically distributed". 
The precise mechanisms that permit entry of bacteria into host 
tissues are unclear’, therefore we have been stu dying the invasion 
of epithelial cells by Yersinia pseudotuberculosis’*. As a first step 
towards identifying the factors required for this process, we report 
here the identification of a single genetic locus from this organism 
that is sufficient to convert the innocuous Escherichia coli K-12 
strain into an organism capable of invading cultured animal cells. 

Sequences capable of conferring tissue invasion were iden- 
tified in E. coli K-12 using the enrichment scheme illustrated in 
Fig. 1. This method should be capable of isolating genes involved 
in tissue invasion from any microorganism in which the 
necessary functions can be expressed and properly localized on 
the surface of E. coli K-12. In this procedure, a cosmid clone 
bank prepared from Y. pseudotuberculosis was introduced into 
an E. coli K-12 strain, as described elsewhere" °. The entire 
bank containing random sequences from. Y. pse 
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Fig. 1 The enrichment protocol for isolation of E. coli strains that 
are able to enter cultured animal cells. A cosmid bank was construc- 
ted®™” by ligating a size-fractionated Sau3AI digest of chromo- 
somal DNA isolated from Y. pseudotuberculosis strain YPIII(p~)" 
into the BamHI site of pREG153 (given by Dr R. Gill), a cosmid 
cloning vehicle that encodes resistance to ampicillin. Aliquots of 
the ligation mix were packaged in vitro’ into phage A heads with 
an extract prepared from MMS A345 (given by Dr F. Stahl) and 
then infected into E. coli K-12 strain HB101 (ref. 19), followed by 
selection for ampicillin-resistant transductants. Pooled bacteria 
were grown overnight in culture, washed twice in sterile PBS, and 
resuspended to a density of 5 x 10° bacteria ml~'. Two ml of the 
washed bacteria were then introduced onto a confluent monolayer 
containing 1 x 10’ HEp-2 cells grown in RPMI 1640 medium (Irvine 
Biologicals), and incubated for 3h at 36°C in a 5% CO, atmos- 
phere. Monolayers were then washed 10 times with sterile PBS to 
remove non-adherent bacteria. Bacterial clones remaining associ- 
ated with the monolayer were released with 1% Triton X-100 in 
deionized water, and plated for individual colonies onto bacterio- 
logical medium. 


was pooled, grown in broth culture, and used to infect a 
monolayer of cultured HEp-2 cells''. After several hours of 
incubation, bacteria that were unable to associate stably with 
the cell monolayer were removed by washing. Bacteria remaining 
associated with the HEp-2 cells were isolated on an appropriate 
growth medium following treatment of the monolayer with 
Triton X-100, a gentle detergent (Fig. 1). 

Twenty-two individual bacterial clones surviving the enrich- 
ment were then tested for internalization by the animal cells, 
by assaying for the ability of the bacteria to escape killing by 
an antibiotic that is unable to penetrate mammalian cells'*"” 
Briefly, individual clones were introduced into microtitre wells 
containing HEp-2 monolayers (Table 1). After allowing for 
binding and entry of the bacteria into the cultured cells at 36 °C, 
the monolayers were washed free of unabsorbed bacteria, then 
incubated at the same temperature in fresh medium containing 
the antibiotic gentamicin. This aminoglycoside is unable to 
penetrate cultured mammalian cells, so if the E. coli cells con- 
taining the cloned Y. pseudotuberculosis DNA actually enter the 
HEp-2 cells, they should resist the bactericidal activity of the 
antibiotic. It was found that 12 of the 22 candidate strains 
survived the treatment with gentamicin. Data for several of the 
strains, shown in Table 1, indicate that a significant fraction of 
the bacteria escaped gentamycin killing. It was striking that the 
efficiency of escape from gentamicin treatment, which we pre- 
sume represented bacterial invasion, was similar to that found 
for the Y. pseudotuberculosis strain used as the DNA donor. We 
will refer to the Y. pseudotuberculosis locus that encodes this 
property as inv. 

To determine whether we had isolated bacterial derivatives 
that could invade cultured animal cells, ultrathin sections of 
monolayer cells exposed to several of the bacterial strains were 
analysed by electron microscopy (Fig. 2)'*. As can be seen in 
the typical micrographs shown in Fig. 2, an E. coli K-12 strain 
is unable to bind or enter HEp-2 cells. In contrast, the same 
bacterial strain harbouring an intact inv locus showed a large 
number of bacteria associated with the animal cell. These bac- 
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Fig. 2 Thin-section electron microscopy of cultured cells incu- 
bated with an E. coli strain harbouring the plasmic containing the 
Y. pseudotuberculosis invasion region. a, Thin section of HEp-2 
cells infected with HB101 harbouring plasmid pR1203.14:: TnS, 
which is pR1203 (Table 1) containing a TnS insertion mutation in 
the inv locus. b, Identical to a, except HB101 harbours pR1203 
with an intact inv locus. 

Methods. Tissue culture wells (Falcon 3046, 6-well dishes) seeded 
with 8 x 10° HEp-2 cells in RPMI 1640 medium were incubated in 
the presence of 6 x10’ bacteria for 3 h at 36°C. Monolayers were 
then washed 10 times with PBS and incubated for 10 min at 37 °C 
in the presence of PBS containing 0.1 mM EDTA. The monolayers 
were gently washed once more with PBS in the absence of EDTA, 
suspended in 1 ml of PBS, and pelleted at 600g for 10 min. The 
cell pellets were successively fixed with 2% glutaraldehyde and 
2% osmium tetroxide in 0.1 M cacodylate buffer ( pH 7.4), before 
staining with uranyl acetate as described'*. Samples, dehydrated 
in ethanol, were embedded in Spurrs (Polysciences), thin- 
sectioned, stained successively with 1% uranyl acetate and lead 
acetate’, and visualized with a Phillips 201c electron microscope. 


teria appeared to be both bound to the outside of the cell and 
present within large endocytic vesicles. These micrographs, 
taken together with the gentamicin-protection assay described 
above, show that the invasive phenotype can be successfully 
mimicked by introducing DNA from a Yersinia species into 
E. coli. 

Restriction enzyme analyses of plasmid DNA isolated from 
several of the bacterial clones that survived the enrichment 
procedure showed that these plasmids had identical or overlap- 
ping DNA sequences. To determine the physical location of the 
inv locus, one such plasmid, pI NVA2, was analysed in detail. 
A series of TnS insertion mutations were isolated in this cosmid 
DNA, taking the precaution that each mutation analysed was 
the result of an independent event. As can be seen in Fig. 3, all 
the insertion mutations that eliminated the ability to enter cul- 
tured cells mapped in a contigous 3.2-kilobase (kb) region. 
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Fig.3 Physical and genetic map of the Y. pseudotuberculosis locus 
that confers irvasiveness on E. coli K-12. Shown is a map of 
pI NVA2, a cosmid isolated following the enrichment described in 
Fig. 1 legend. Vertical lines below the map indicate the positions 
of TnS insertion mutations. ~, Mutations eliminating invasiveness; 
+, mutations having no effect on invasiveness. Thickened line, 
DNA corresponding to pREGI53 sequences. Open box, region in 
which all the invasion-defective mutations map. Only one of the 
BamHI sites is shown in map. 
Methods. Mutations induced by the kanamycin-resistance trans- 
poson Tns were isolated via transposition from Ab221rex:Tn5 
c18570am23 Pem80 onto a cosmid that confers invasiveness?'. To 
select for insertions onto the cosmid, kanamycin-resistant colonies 
were pooled, and infected lytically with AlacS imm2\1cts. The 
resulting lysate was used to transduce HB101 to simultaneous 
Kanamycin- ard. ampicillin-resistance. Such transductants con- 
tained insertioas of TnJ at random sites on the cosmid. Several 
hundred such transductants were assayed for invasiveness, as 
described in Table 1, and the map position of 20 mutants that 
eliminated invasiveness and 20 insertions that had no effect on the 
invasive phenotype were determined, To ensure that each insertion 
was independent, the physical location of no more than one muta- 
tion from each pool was analysed. 


Therefore, it is apparent that relatively little genetic material 

from Y. pseudotaberculosis is sufficient to permit E. coli to enter 

epithelial cells. Tests with subclones from this region indicate 

that the synthesis of only one large protein from this region is 
required for the expression of the invasive phenotype (data not 
oo Shown). 

The £. coli strains described here display one of the cardinal 
< ¿o pathogenic traits of several important enteric pathogens. 
_.. Nevertheless, it should be emphasized that this phenotype alone 
ds not sufficient to make the bacterium virulent, as is clear from 

studies on invasive E. coli strains by Sansonetti et al.®. 

There are several important ramifications from these data. 

First, by reconstructing the invasion phenotype of Y. 

pseudetuberculosis, we hope to exploit the techniques of bacterial 

genetics to dissect this important process. To this end, we have 
_. isolated and mapped 40 mutations that delimit the region 
required by E. coli for the entry process (Fig. 3). Second, it 
appears that this phenotype, at least in Yersinia, may be the 
result of a much simpler set of factors than had been assumed 
from the work om other invasive pathogens, especially Shigella’, 
It is striking that the only factors missing from E. coli that 
prevent it from invading cultured cells are encoded in a 3.2-kb 
ion from Y. »seudotuberculosis. Third, this work may be a 
rst step towards defining a previously undescribed class of 
proteins encoded by many invasive disease-producing microor- 
anisms, as part. of their strategy of pathogenesis. Determining 
ow these proteins act may be useful in understanding an 
sential step ir the infection process—and possible ways to 
revent this step. Finally, the relative simplicity of this system 
nmediately suggests that clones encoding factors for invasion 
“might be explcited to introduce macromolecules, or other 
appropriate reagents, into animal cells for research and 
herapeutic purposes. 
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Table 1 Enrichment procedure yields E. coli strains that invade cell 
culture monolayers 
Strain % Invasion§ 
YPHI{p”)* 9.0 
HB101F 0.005 
HBi0I(piINVA2)} 8.3 
HB101(pINVA7) 7.9 
HB101(pINVG10) 8.7 
HB101(pRI203) 9.2 





Saturated cultures of bacteria, grown at 28 °C, were washed twice in 
phosphate-buffered saline (PBS) and resuspended to a concentration 
of 3 x 10° bacteria ml”. Aliquots of 50 pl of each strain were added to 
monolayer cultures of HEp-2 cells seeded at a concentration of 2 x 10° 
animal cells per microtitre well (24-well, Falcon 3047 microtitre dishes) 
in RPMI 1640 medium. Bacteria were centrifuged onto the monolayer 
at 600g as described'*, and the infected cultures were incubated at 36 °C 
for 3h in a 5% CO, atmosphere, to allow binding and invasion of 
bacteria. Non-adherent bacteria were removed from the monolayer by 
washing three times with sterile PBS, and RPMI medium containing 
40 pg mi~! gentamicin (Sigma) was added to each microtitre well. The 
incubation was continued at 36 °C for 2 h in the presence of the antibio- 
tic, before washing the monlayers in PBS twice more. Internalized 
bacteria were then released from the monolayers by the addition of 1% 
Triton X-100, and titred on L agar plates'®. 

* Yersinia pseudotuberculosis strain’? 

+ E. coli K-12 strain HB101. 

+ HB101 harbouring cosmids that are denoted in parenthesis. 

§ Percentage of bacteria added to HEp-2 monolayers that resist treat- 
ment by gentamicin. 
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Three restriction points control the cell cycle of activated B lym- 
phocytes’. The first occurs directly after mitosis and is controlled 
by the occupancy of surface-bound immunoglobulin. The second 
is observed ~4h after mitosis in the G, phase of the cycle, that 
is, before DNA replication, and is controlled by growth factors 
that are produced by macrophages’ which we have previously 
classified as a-type factors’*. The third restriction point occurs 
in the G, phase, 2-4 h before mitosis, and is controlled by B-type 


_ the control of B-cell responses 
and macrophages'”"*, We have found recently that crosslinked, 
but not soluble, human C3 stimulates activated, but not resting, 

murine B cells to thymidine uptake . Here we investigate the role 
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_ growth factors probably produced by helper T lymphocytes*. The 
third component of complement, C3, has long been implicated in 
2. C3 is secreted by monocytes 


. of C3b and C3d in the progression of the cell cycle of activated, 


-> synchronized murine B cells. We find that crosslinked C3d replaces 
the action of a-factors within the cell cycle of these cells and 


allows entry into S phase. In contrast, soluble C3d inhibits the 
action of a-factors. This implies that a C3d-specific receptor, 
probably the murine analogue to the human complement receptor 
CR2 (refs 16, 17), is a growth factor receptor on activated B cells 
that will give the cell a growth-positive signal when it is crosslinked, 
while occupancy by the soluble form of C3d will result in inhibition 
of the action of a-factors or of crosslinked C3b or C3d. A stretch 
of weak homology between the cDNA sequence of murine C3d 
and those of murine growth factors indicates that an insulin-like 
growth factor could be the active principle of C3d that controls 
the cell cycle of activated B cells. 

First, the action of Sepharose-bound C3b and C3d was tested 
on activated, synchronized B cells from athymic nu/nu 
C57BL/6J mice. For activation, spleen cells were enriched for 
small resting cells by velocity sedimentation" , then activated in 
the presence of macrophage-derived a-factors™ by 2 days’ 
treatment with lipopolysaccharide (LPS)*. The activated cells 
were again separated by velocity sedimentation and fractions 
of a given size were cultured in the presence of the various 
stimuli indicated in Figs 1 and 2. These activated cells were 
almost entirely B cells and devoid of a- factor-producing 
monocytes or macrophages'”’’. LPS-activated B cells of a given 
size underwent a further, synchronous division even in the 
absence of any stimulus, or in the presence of only one of the 
stimuli (Sepharose-bound immunoglobulin-specific antibodies, 
a-factors, B-factors, Sepharose-bound C3b, or Sepharose- 
bound C3d alone). This single division is probably caused by 
cell-bound LPS with which the cells have been activated from 
the resting state. 

When a- and B-factors were added together, the activated B 
cells divided once more, while in the added presence of 
Sepharose-bound immunoglobulin-specific antibodies, they 
underwent several (at least three) synchronous divisions (Fig. 
la). Sepharose-bound C3b or Sepharose-bound C3d was then 
added to substitute for either a- or 8-factors in their action on 
activated, synchronized B cells. Although neither replaced the 
action of B-factors, both could replace a-factors (Fig. 1b), acting 
3-5h into the cell cycle in the G, phase, and controlling the 
entry into S phase (Fig. 2). Our results indicate that the murine 
ee ie of the human C3d-specific complement receptor 

(known also to bind Sepharose-C3b) could be the 
i receiving receptor for the a-factors that directly or 
indirectly mimic the action of C3d. Human C3 fragments are 
active on murine cells. This predicts that the corresponding 
murine fragment, which is not available to us for experimenta- 
tion, should be at least equally active. 

We then tested the action of soluble C3d within the cell cycle 
of activated, synchronized B cells. Soluble C3d at 0.002- 
20 pg ml~' did not replace a-factors in the stimulation of entry 
into S phase of activated B cells (tested in the presence of 
B-factors or of Sepharose-bound immunoglobulin-specific anti- 
bodies plus B-factors in conditions described in Fig. 1 legend, 
data not shown). In fact, soluble C3d, in concentrations 
22 pe ml, completely inhibited the subsequent cell divisions 
that usually occur in the presence of Sepharose-bound 
immunoglobulin-specific antibodies and æ- and B-factors (Fig. 

3). These results suggest that the interaction of C3d-specific 
complement receptor CR2 with soluble C3d inhibits the stimu- 
lating action of a-factors, while crosslinking of the same recep- 
tors by Sepharose-bound C3d replaces the stimulating action 
of a-factors. 

Our experiments identify C3d as a molecule that controls the 
entry of activated B cells into S phase. In this it resembles the 
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mRNA of murine NGF” located between nucleotides 923 and. 
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Fig. 1 Growth of B cells of CS7BL/6J nu/nu mice, LPS activated... 

and synchronized. as described previously‘, in serum-substituted. =o o 

tissue cultures*® containing either no additives, only a-factors, 

only B-factors, or only Sepharose-bound immunoglobulin-specific 

antibodies (reagents. and conditions described in ref. 1). a, O, No 

additions; A, cultures containing a- and #-factors, @, cultures 

containing Sepharose-bound immunoglobulin-specific antibodies 

plus a- and #-factors. b, C3b-/C3d-dependent growth curves: in 

parallel cultures a-factors were replaced by Sepharose-bound C3b.. 

(O, ©, @) or C3d (A, A, A). C3 was purified as described elses 

where*!, and converted to C3b by trypsin cleavage. C3d. was. 

purified from aged human plasma by sequential chromatography 

on DEAE-~Sephadex and Gi00-Sephadex. It was >95% pure as 

judged by the siiver-stained bands of C3d and C3d,g, detected in 

SDS-polyacrylamide electrophoresis. C3b and C3d were coupled 

to Sepharose 4B at respective concentrations of ~2 mg ml™ and 

400 ug mi~’. Sepharose-bound C3b and C3d were also used as 

potential §-factor-replacing agents in cultures with anti- 

immunoglobulin plus a (shown for Sepharose-bound C3d, (4). Since 

no divisions were observed with either C3b or C3d (shown only 

for C3d), we conclude that Sepharose-bound C3d did not replace 

B-factors. Cell concentrations in culture were determined by count- 

ing using a Biirker haemocytometer. Several counts were made 

with one 200-ul culture. At least 50-100 cells were counted. With 

100 cells counted, the accuracy of counting was determined in 
multiple samplings of the same culture to vary by <20%. 






















action of the family of insulin-like growth factors such as IGF-],- 
IGF-II, epidermal growth factor (EGF), nerve growth factor. 
(NGF) and other factors that act on the cell cycle of eukaryotic 
cells of other differentiation lineages*’~*°. We therefore sought 
for structural similarities between these insulin- like growth fa 
tors and C3d. The structure of the messenger RNA encoding 
the a-chain of C3, containing the proteolytic fragment C3d, has 
recently been reported by Wetsel et al”. A computer search: 
identified a stretch of ~150 nucleotides between nucleotides’ ` 
1,100 and 1,250 of the C3 a-chain mRNA (that is, within C3d) 
that was 50% homologous with a domain in the precursor. 


1,087, 45% homologous in the same stretch of sequence with 
murine IGF-II mRNA” between nucleotides 1 and 235 and 
40% homologous with the precursor mRNA of murine EGF?" 
between 1,105 and 1,255. Furthermore, the computer identified 
two Alu-like sequences? ‘3? between nucleotides 1,501 and 1,560 — 
with nucleotides 1,681 and 1,740 of the C3 a-chain mRNA, and — 
Alu-like sequences of human e-globulin®* and human ALU7 


235. 36). 








ong, 2 Action of. F Seph one 
es immunoglobulin-specific antibodies 
: (anti-lg) and of Sepharose-bound 
-C3d (C3d) in the cell cycle of acti- 
vated, synchronized B cells (see Fig. 
1). Cells described in Fig. 1b, which 
had. divided after ~26h in cultures 
containing Sepharese-bound C3d 
and B-factors (Aj, control cultures 
also. containing Sepharose-bound, 
immunoglobulin-spevific antibodies 
O(A) (also shown in a) were washed 
free of C3d and B-factors at 30h of 
culture (Dt) and resuspended with 
either anti-lg (@) cr anti-lg+C3d 
(à) between 30 and 40h of culture 
dexeitation phase). Anti-Ig, respec- 
“tively anti-Ig+C3d, were removed 
{resuspending the cells by repeated 
= pipetting, thereafter separating the 
-o Sepharose beads fram the cells by 
co differential sedimentation) and the 
> bead-free cells were finally resus- 
oo pended in cultures containing C3d + 
<i B-factors (D|). Growth of cells was 
monitored by cell counting (b). Cells 
incubated in the excitation phase 
with anti-lg + C3d (&) divided 2-4 h 
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later, that is, ~44h of culture, while those incubated with anti-lg alone (@) divided 12-14h later, ~58h of culture. The model of the cell 
cycle of B cells (c d) shows that anti-Ig acts directly after mitosis (M) at a first restriction point (A) and moves the cells to a second restriction 
point (B), between 4 and 8h after M, where a-factors act. 8-Factors act at a third restriction point (C), 2-4 h before M, after S phase (DNA 
replication). C3d replaces a-factor action, Its absence during the excitation phase arrests cells 12-14h before M, like a-factors (@, dashed 
lines; in d the thickly drawn line), before S, while its presence moves the cells to the restriction point for B, 2-4 h before M (A, solid lines; 
ined the thickly drawn part). In c the phases of the B-cell cycle which are completed to reach mitosis (M) in the presence of C3d and B-factors 
after excitation with anti-lg alone (dashed lines) or anti-Ig plus C3d (solid lines). In d, excitation phases (drawn thickly) in the presence of 
anti-fg (inner, dashed circle) or anti-I[g plus C3d (outer, solid circle), and post-excitation phases in the presence of C3d and -factors are 


shown within the cel) cycle relative to mitosis (M). 


(ref, 34), respectively, flanking a sequence of 44% homology 


between nucleotides 1,560 and 1,650 of the C3 a-chain mRNA 


and nucleotides 800 and 950 of the murine oncogene c-mos (refs 


Although the sequence homologies of C3d with the insulin- 


like growth factor precursors are weak, they are intriguing 
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‘ig 3 influence of soluble C3d on the growth of activated, 
“synchronized - CS7BL/63 nu/nu splenic B cells cultured in the 
presence of Sepharose-bound immunoglobulin specific antibodies, 
-a-factors ¢ and 8-factors (see in Fig. ta). Different concentrations 
of soluble C3d were added to the cultures at 10h of incubation 
“(see Fig. da). Cell concentrations were determined at 32h (A), 
~ that is, after one division, and at 50h (@), after two divisions. In 
the presence of Sepharose-bound immunoglobulin-specific anti- 
bodies, a- and §-factors, but no C3d, the cells divided (A,O), 
. Whereas i pla seen os a r- factors ioe a- pear apanga the 


Pos 


because NGF, IGF-I] and EGF are similar in size (50-70 amino 
acids) and function (in their control of entry into S phase). It 
will be interesting to investigate whether C3d is, in fact, further 
processed by proteolytic cleavage to yield such an ~50-70- 
amino-acid polypeptide with a-factor activity. Furthermore, this 
sequence similarity places C3 in phylogenetic relation to the 
blood clotting factors IX and X and to bovine protein C (ref. 
37). Because of the homology that was recently found between 
the receptors for EGF’ and insulin”, it will be interesting to see 
whether such a phylogenetic relationship exists between these 
receptors and the C3d-specific complement receptor CR2. The 
significance of the structural homologies of C3d to Alu-like 
sequences and to c-mos will remain unclear until the normal 
function of the oncogene is known. 
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The formation of disulphide bonds is essential to the structure 
and function of proteins. These bonds rapidly form either co- 
translationally or immediately post-translationally in the lumen 
of the endoplasmic reticulum’. Native disulphide pairing for such 
proteins has been achieved in vitro; however, the rates of 
reassembly are slow and the conditions non-physiological**. To 
account for these observations, Anfinsen et al. proposed that a 
‘disulphide interchange protein’ was the in vivo catalyst of disul- 
phide bond rearrangement’. Other groups discovered an activity 
with similar characteristics that catalysed the reductive cleavage 
of insulin and may be associated with insulin degradation” 

although this result has been disputed”. The enzyme involved, 
protein disulphide isomerase (PDI; EC 5.3.4.1), may be the in 


vive catalyst of disulphide bond formation’. Here we describe the 


sequence of cloned rat liver PDI complementary DNA which 
predicts a protein with two distinct regions homologous with 
Escherichia coli thioredoxin, a known cofactor in oxidation—reduc- 
tion reactions’. Each of these regions contains the presumed active 
site sequence Trp-Cys-Gly-His-Cys-Lys, suggesting that PDI, 
similar in action to thioredoxin, catalyses disulphide bond inter- 
change via an internal disulphide—sulphydry! interchange. The 
cDNA predicts a signal peptide consistent with the view that PDI 
is a luminal endoplasmic reticulum protein. PDI messenger RNA, 
although ubiquitous, is more highly concentrated in secretory cells. 

PDI catalyses the isomerization of both intramolecular"? 
and intermolecular (for example, IgM; see ref. 13) disulphide 
bonds yielding apparently native structures. Despite these obser- 
ations, there is still uncertainty about the physiological role of 
PDI. Many proteins can form proper disulphide bonds in the 
absence of PDI in vitro'*, and the level of stimulation with 
added PDI in some cases is only a few times the background’’. 
Furthermore, nearly stoichiometric quantities of PDI are often 


=- necessary for optimal reaction rates. To address the requirements 


| = -of disulphide bond formation in vivo, we have cloned sequences 
` “of rat liver and pancreas PDI cDNA, determined its primary 
-sequence and analysed the tissue. ZORU uEon of PDI mRNA. 










A rat paneis cDNA library i into hié expression : 
Agtli (ref. 1 a was screened using a monoclonal antibod 


rat liver PDI’’. From 80,000 recombinant phage, a single ¢ 
(Apdil) reactive to the antibody was isolated. This clone h 
1,100 base pair (bp) insert containing approximately half o 
predicted coding sequence for PDI. Rescreening of the panc 
library with **P-labelled Apdil insert probe revealed no 
with more 5’ sequences. Screening of a rat liver cDNA lib 
in AgtlO (ref. 18), however, allowed us to isolate Apdi6 (i 
size 2,400 bp), which was subcloned (ppdi6) and sequenced 
Fig. 1). By primer extension analysis (data not shown), A 
was lacking ~160 bp on its 5’ end. A plasmid clone (ppdi 
containing the 5’-mast sequences was isolated as describe 
Fig. 1 legend. All sequence information presented here 
determined from rat liver cDNAs. No differences in cod 
information were noted in comparing Apdil (pancreas). y 
liver sequences; however, they do use alternate polyadenylat 
sites (see below). 

The identity of Apdi6 was confirmed using hybrid-arres 
translation"? of in vitro synthesized and immunoprecipita 
PDI. Affinity-purified rabbit anti-PDI antibodies precipitate 
protein of relative molecule mass (M,) 57,000 (57K) from th 
total in vitro translation products of liver and pancreas poly(A | 
RNA (Fig. 2A, c, e). In parallel experiments, hybridization o 
total pancreas poly(A)” RNA to denatured ppdi6 complete 
abolished synthesis of PDI (Fig. 2B, a), whereas heat treatme 
of the hybrid released PDI mRNA for translation (b). Furth 
confirmation was obtained by comparing the N-terminal 
sequence of highly purified rat liver PDI” with the sequen: 
predicted from the cDNA. The sequence obtained from the PDI 
protein was (Trp?)-Ala-Leu-Glu-Glu-Glu-Asp-Asn-Val-Le 
Val-Leu. The first cycle (Trp?) did not agree with the predicte 
sequence (Asp), but was obtained in low yield. The remainis 
sequence precisely matches the predicted sequence of the cD 
and is underscored in Fig. 1B. 

PDI mRNA contains ~40 bases of 5’ untranslated sequence 
and a coding region of 1,524 bases. At least two polyadenylatior 
sites are used. The first of these lies 221 bases downstream fro 
the termination codon and is not preceded by the canonica 
AAUAAA hexanucleotide. This polyadenylation site was us 
in the first clone isolated (Apdil), but was not found in ti 
other pancreas cDNA clones. The second lies 891 bases down 
stream and has the AAUAAA sequence 20 bases 5’ to the poly( 
tract. The existence of such multiple polyadenylation sites 
well known in other gene systems, but their function is unclear 
By Northern analysis (Fig. 3A), a major species of PDI mR 
at 2,800 bases and a very minor component of 2,000 bases \ 
detected, corresponding to the polyadenylation sites mentio 
above. The distribution of PDI mRNA was investigated 
measurement with labelled insert probe and RNA dot blots 
Fig.3B). The relative content of PDI mRNA is. div 
pancreas ~ kidney > lung > testes ~ spleen > heart > brain. 
series is consistent with the known tissue distribution © 
activity’. By cloning frequency, PDI mRNA comprise 
0.05% of total poly(A)” from rat liver. The apparent disci 
between mRNA level and protein content (0.4% } is prob: 
result of the long half-life of PDI (>7 days; see ref. 21) 

The cloned sequences encode a protein of 508 amino 
(M, 56,783) in good agreement with the molecular size. 
mination of in vitro-translated PDI. Preceding the se 
obtained by N-terminal sequencing are 19 predominant 

phobic amino acids, characteristic of a signal peptide 
presence of a signal peptide strongly suggests that PDI 
ported into the lumen of the endoplasmic reticulum 
predicted amino-acid composition is in agreement w 
determined from rat liver PDI (data not shown, ref. 
N-linked glycosylation sites (Asn-X-Ser/Thr) are presen 
fore, if PDI is glycosylated, only O-linked sugars are pr 
The sequence predicts an acidic molecule with a pl of 4. 
pl of 4.2-4.3 has been detected for PDI isolated from rat lis 

The mature protein contains two pairs of regions with inti 
homology. Using these homologies as guideposts, we` 
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cys leu ala tex ala trp ala ale arg val giy arg asn aan phe glu gly glu 
ST GET TIO CIG POS OT Gos Cho ote Too occ GCT ADG oT: Got CGC AAC AAT TPT GAA OGT GAG 
t ; 30 210 . 
ja asp ala leu giu giu giu asp asn val leu val leu lys tys phe ile ys his asn gin lee 
GEC GAC GOT ORG GAG GAS GAG GAC AAC GTC CRG OTG CTS AAG AAG TT ATC AAG CAC AAT CAG CTG 
WAPHATH EER E E E E E TERR ER EEE EE HRAA EE ERR EKONA ERE EE 
i 20 239 
er aen phe ala glu pro ala ala his asn tyr leu leu val glu gin thr ala pro dys ile phe 
AAG TTC GCA GAG COG GCG GOO CAC AAC TAC CTG CTO oto GAG CAG AGA GOT COA AAG ATE TTE 
46 240 
a tyr ala pro trp cys qiy his cys lys ala leu ala pre glu ieu lew phe leu pro iys ser 
T GOK GOA TOG TOT GO CAC TOC AAA GCA CTO occ COA GAG COG CTO TTO CIG COC ARG AGE 
f $6 260 
tyr ale lys ala ala ala lys leu lys ala glu gly ser glu ile ser asm phe lys lys ala als 
TAT GCG AAA OCT GCY GCA AAA CTG AAG GCA GAA GO TOT GAG ATE AG AAD PET AAG AAA GOG OCC 
AE 70 270 
aeg Lens als lys val asp ala thr giu glu ser asp leu ala gin phe ile phe ile asp ser asp 
GGA CTA GCA AAG GIG GAC GOS ACA GAA GAG TOT GAC CIG occ CAG TTC ATC TTG ATO GAT AGT GAC 
ns Bo l 290 
in tyr gly vai arg gly tyr pro thr ile lys phe phe lys aen giu phe phe gly ieu iys iys 
G&G TAT GOT GTC GOF GOC TAC CCC ACA ATC AAG TIC TIC AAG AAT GAG DIC PPT GG CTG AAG AAG 
i 10% 300 . . 
iy sep thr ala ser pro lys glu tyr thr ala gly arg giu ala ile thr ieu glu glu glu mer 
GOA GAD ACA GCC TOC COA AAG GAA ‘TAT ACA OCT GOO AGG GAA GOT ATT ARG CTG GAG GAA GAG ATG 
oa 118 320 
ep asp tie val asn trp leu lys lys arg thr gly pro ala ala giu leu thr ala giu iys ite 
GAC GAG ATT GIG AAC TOG CRG AAG AAA COC ACA GGG CCA GCA COC GAG CTG ACA GOT GAG AAG ATC 
oo 136 330° 
yr he ser asp thr ala ala ala glu ser leu val asp ser glu gly lys iils lys pro his 
L AOC CIG TOT GAG ACT GOA GUF GCA GAG TCC TIG GTO OAC TCA GAG AAG ATC AAG CCC CAC 
7 140 l 350 
E u val thr val ile giy phe phe lys asp ala giy ser asp asp trp asp lys gin pro val 
DAR GPG ACG GTO ATC G TIC TIC AAG GAC GCA Got TCA GAC GAC TU GAC AAG CAG SCA GTG 
ee, 460 360 
ara kys gin phe leu leu ia ala glu ala val asp asp ile glu glu val ala phe asp glu 
GOL AAG CAG TTS WTO CIG GOA OCA GAG OCT GPT GAT GAC ATA GAG GAG SP GOF PTET GAT GAG 
a 170 380 
Tea ph giy ile thr sèr amn ser asp val phe ser lys tyr gin tyr ala pre trp cys giy his 
GO OUPET GGA ATC ACT TEC AAT AGO GAT GTG TTT TOS AAG TAC CAG TAT GCT CEC TOG TOP Gor CAC 
ao 390 
asp lys leu gly giu thr tyr 
GAT MAA MIG UGA GAG ACA TAC 


ig. 1. A, Composite sequence of PDI cDNA derived from A pdi6 
nd ppdi306. The protein sequence obtained by amino-terminal 
Sequence analysis is underscored by asterisks, the alternate poly- 
adenylation site is denoted by ‘poly(A)’, and the polyadenylation 
exanucleotide AATAAA is overscored. B, Amphipathic Fourier 
insforms between frequencies 1/6 and 1/2 per residue for the 
equence of mature PDI. Frequency is plotted on the vertical axis. 
esidue number is plotted on the horizontal axis. A frequency of 
1/2 corresponds to the amphipathic f-structure and a frequency 
of 1/3.6 corresponds to the amphipathic a-helical structure. Above 
he maps is a schematic of the consensus secondary structure. Open 
linders, a-helices; shaded cylinders, amphipathic a-helices, 
dashed lines, 8-structures; T, reverse turn. 
Methods. A rat pancreas cDNA library was prepared in Agtll 
according to Hyunh et al.'*. The library was screened using a 
monoclonal antibody to rat liver PDI" and '°I-goat anti-mouse 
Boehringer) as described by Young and Davis'*. Apdil was iso- 
ed and its 1,100-bp EcoRI insert subcloned into pMT21 (ref. 
). A**P-labelled insert probe’? was used to screen a rat liver 
JA library cloned into Agtl0'* and A pdi6 was isolated. ppdi306 
isolated as follows: 40 pug rat liver poly(A)’ RNA” was 
er-extended using the oligonucleotide d(GCAG- 
CTTTGGCATACTCTGGG) in the presence of 50 mM Tris- 
H 8.3, 200 mM KCI, 1 mM DTT and 2.5 mM dNTPs. Second- 
synthesis was carried out in the presence of RNase H (BRL, 
a) and DNA polymerase I (Boehringer) according to 
and Hoffman™. Double-stranded cDNAs of 230-300 bp 
olated from a 5% -polyacrylamide gel? and tailed with 
in 200 mM K-cacodylate, pH 6.9, 1mM CoClL, 0.05 mM 
and 15 U terminal deoxytransferase for 15 min at 37°C. 
cDNA was extracted with phenol/chloroform and ethanol 
sitated. Approximately 0.05 ng cDNA was hybridized to 25 ng 
ligested dG-tailed pBR322 (NEN) and the mixture used 
sform E. coli DH1°°. Twelve ampicillin-sensitive colonies 
btained, one of which hybridized to a >*P-labelled probe 
from the 5' end of Apdi6. This clone (ppdi306) contained 
insert that contained most of the 5’ sequences of PDI 
ue 
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leu phe lys lys phe asp giu gly ala Lys mer asp ser thr ala asn glu val qiu ala vai lya val 
‘CRO PRY AAG AAG TIT GAT GAA Got DCT AAG ARG GAC TCA ACA GCC AAT CAG GRO UAA OCT GYG AAG GTG 
429 430 
ize thr lys glu lys leu leu asp his ser phe pro thr les lys phe phe pro ala ser ala asp arg 
AND AGC AAG GAG AAG OTA TTA GAC GAC AGG TIT COC ACA CTC AAG TTC TTO CCA GOA AGT GCA GAC AGA 
220 449 , 
pro leu val ile glu pha thr gju thr val dle asp tyr ash gly glu arg thr leu asp gly phe bys 
COT PIG OTE ATU GAG TIO ACT GAA ACG OFC ATT GAT TAC AAC GOP GAQ OGG ACA CTA GAT OGT TIT AAG 
459 480 
giy gly giu ite tys thr his tle lys phe leu glu ser giy aly gin ase gly ala aly esp asn asp 
GRA GGT GAA ATO AAG ACK CAT ATT AAA TTC TRG GAG AGO GOT GOO CAG GAT GOA CHOG (XRD GAC AAT OAT 
250 . 470 
vai Ser asp tyr asp gly lys leu asp lew asp leu giu gie aia leu qilu pre asp met glu giu aap 
GES TOT CAC TAC GAT GSO AAA TTO GAG DPC GAC CTA GAS GAA GOT TTA GAG OCA GAT ATO GAA GAA GAC 
Ag aag 
giu gly phe bys gly lys ile leu asp asp gin lys ala val lys asp giu leu AM 
GAG COO TPT AAG GOC AAG ATC EPG GAC GAT CAG AAA GOO OPO AAG GAT GAA CRS TAG TOCAGAAGCCACATCTO 
4BN GCCCACT AAT CUAARAACOTCOSS TOON CA TOTOCE AGE ALLE BLS TOT CE ALICE TOA, 
his thr sp asm gin arg ile ieu ` g ee 
CAC ACT GAC AAC CAG OUE APA OTT ORAS TCACCEG AGG AR AGOOCI A TOA CAA COUME AR OE TTO TEN RAL A PEAT 
COT ACACACGTACALTTAAALC OTS ECT TCT ELT TT TCE TT TCAA PT PTAA ALA, 
giu glu cys pro ala val arg leu poe polyA 
GAG GAA TOT OCA OCT GIG COG CTT TOTCPRGTCORAGCCAGC CONTEC PIGAACCORTACOLT YE OPYPTAAY NESTE TOTACTT 
aid TTS TACO TOGAT TT EOTECTAAC TOOT TOL TACCATA DEEL ATT EO ACAL TET A, 
thr dys tyr lys pro glu ser asp . 
AGC AAG TAG COG GAG TUA GAC ATSTODP TOCSY AGAGAGGTT TATOOS TATCACTICAGATT POCTECTOTOAGATOVETC. 
ATOTICOTOACATSTCTOCATOTCGAGU TACT TG LICE ALT ALCOLAGALL TELL POAGAL 
thr gin phe cys his his phe leu : 
ACA CAA TIT TXO CAC CAC TTG CTG CCOT ECO TOC TERE AARC TOT PEON TEA TOL TCE TO ICTCTCTOCALCL 
349 PRGTACTAG IGT INRA TCACA CTA RKE PEERS TAGE TOA PP PAR TCA TE, 
ien met ser gin glu leu pre giu jest’ 
CPG ATG AGC CAG GAA CRG COT GAA TOCAPOCTOTCAGATA ATOR TCCLC ACES POGAA AA AGACAG TOOTOO TRAT ROCE 
AGOCTCAGGC CACC C TOCATA C FET OAC TOUT OT TA AE RNC TAL CACAO 
iyS wa} leu val gly lys asn phe i 
AAA GPG CTA GPT GOG AAA AAC TTT CR TG CAC AT TACTO TAL TOC TOA TCT PECL ACE OLAS OT 
379 TPOTOAGUCARAACTIEGACICT TOA TTCCCAACTTA RANITE ALS TAA ACACIA BIC, 
iys lys asn val phe val giu phe 
AAA AAG AAC GPG 'PPT OTE GAA TEC TORATOAAA TOO CAPT OT BALOT OPA PET OTA BACT A TART CPT RAAT POAALACAT 
TORCTAAATAAACTIOAAATTTTACTACCATARAMAAAR ARAB AAA 
cys lys gin ieu ala pro ile trp 
TOC AAG CAG CTA GCC TUG ATT TS 
430 
lys asp his glu asn ile vai ile 
AAA GAC CAT GAG AAT ATC GPC ATC 
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juencing was performed using the dideoxy technique” and *°S-dATP or °?P-dCTP (Amersham) with the 17mer universal primer 
mp18 or 19. Ini selected areas, specific oligonucleotide primers were utilized to initiate sequencing reactions. Oligonucleotides were 
on either Applied Biosystems or Beckman System 1 automated DNA synthesizers. Amino-terminal sequencing of rat liver PDI? 


erformed with a Applied Biosystems microsequenator’’. The phenylthiohydantoin amino-acid resolution was achieved using the ODS 





n HPLC method”. Secondary structure was predicted 


according to the method of Finer-Moore and Stroud*’. Fourier transforms were 


slated with a moving window at 20 residues and were not normalized. 


d the molecule into four regions (see Fig. 4A). Region a 
ins amino acids 9-90 and is homologous (47% identity) 
region a’ (amino acids 353-431). Region b contains amino 

ids 153-244 and is homologous (28% identity) with region b’ 
lino acids 256-343). Near the beginning of regions a and a’ 
a highly conserved stretch of 16 amino acids (residues 28-43 








and 372-387) with only one amino-acid difference between the 
counterparts (Ala 40 and Gin 384). These sequences are remark- 
able for the presence of two Cys residues separated by a Gly 
and His; this structure is consistent with the suggestion by 
Hillson et al.”° that the active site of PDI contains a vicinal 
disulphide. After reduction of the disulphide, PDI is inhibited 
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Fig. 2 In vitro translation and hybrid-arrested 
translation of PDI mRNA. A, a-c, Rat pancreas 
poly(A)” RNA; b, normal rabbit IgG immuno- 
precipitate; c, rabbit anti-PDI immunoprecipi- 
tate; d, normal rabbit IgG immunoprecipitate; 
e, rabbit anti-PDI immunoprecipitate; f, total 
translation products of liver poly(A)” RNA; g, 
minus-added RNA control. B, Hybrid-arrested 
translation of PDI mRNA from rat pancreas 
poly(A)" RNA. a, Hybridization of poly(A)* 
RNA with ppdi6; b, hybridization as in a except 
hybrids were treated at 100 °C for 1 mintorelease 
hybridized mRNA: c, the control hybridization 
of poly(A)” RNA with pMT21, d, hybridization 
as in ¢ except that hybrids were treated at 100 °C 
for 1 minto release hybridized mRNA. Numbers 
on the left refer to M, standards <1,000; phos- 
phorylase, 92K; bovine serum albumin, 68K; 
ovalbumin, 43K; and carbonicanhydrase, 30K. 


Methods. Poly(A)* RNA (5-10 pg) from adult rat pancreas or liver was translated in vitro using a rabbit reticulocyte lysate (Promega Biotec) 
according to the manufacturer's instructions in the presence of *°S-methionine (NEN). PDI was immunoprecipitated from the total translation 
products using affinity-purified rabbit anti-rat PDI (1.5-5.0 ug ml~') and Staphylococcus aureus cells (Pansorbin, Calbiochem)“. Control 
precipitations used normal rabbit IgG (1.5-5.0 ug ml~'; Cappel). Hybridization-arrested translation was performed as described’? using 2 pg 
linearized plasmid DNAs. Samples were run on 5% polyacrylamide gels*'; dried gels were used for autoradiography at —70°C with X-Omat 


film (Kodak). 


Fig.3 Size analysisand dis- A B 
tribution of PDI mRNA. A, 
Northern gel of poly(A)* 


RNA from rat pancreas. | tung 
2g total poly(A)” RNA el ai 
from rat pancreas was ae : 
electrophoresed on a =e - Pancreas 
1% agarose/2.2M formal- | iver 
dehyde gel and blotted to vat s 
nitrocellulose according to en Soen 
Thomas, and hybridized RAE | Brain 
with **p-labelled Apdi6 ONENESS Testes 
insert probe. Size markers on Ça e 

the left are 28S and 18S from Kidney 
rat pancreas and 23S and 16S Coli 





from E. coli. B, Tissue distri- 
bution of PDI mRNA. One 
pg and 10 pg of total RNA 
isolated from the tissues indicated and E. coli® was denatured with 
2.2 M formaldehyde in 10 mM sodium phosphate, pH 7.0, for 10 min 
at 60°C. RNAs were diluted 10-fold with ice-cold 15 x SSC and 
blotted to nitrocellulose using a manifold apparatus (Schleicher & 
Schuell). The filter was baked and hybridized to *?P-labelled total 
insert probe derived from Apdi6. Autoradiography was performed 
overnight at —70 °C with a Dupont Cronex lightning plus screen and 
X-Omat film (Kodak), 
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by the sulphydryl reagent iodoacetate*’. The sequences around 
these Cys pairs also correspond well with the amino-acid compo- 
sitions obtained by DeLorenzo et al.” of tryptic peptides from 
beef liver PDI labelled by '*C-iodoacetate. Downstream from 
these sequences the homology decreases, but basic and aromatic 
residues generally remain conserved. Comparison of regions a 
and a’ with E. coli thioredoxin” revealed a considerable 
sequence homology (see Fig.4B). Within the 16 amino-acid 
regions noted above, 10 amino acids are identical, 4 show func- 
tional conservation and 2 (His in PDI and Pro in thioredoxin; 
Pro in PDI and Glu in thioredoxin) are different. Secondary 
structure analysis’ of PDI reveals that these regions, like 
thioredoxin, are probably situated on a reverse turn between a 
short B-stretch and a long a-helix (see Fig. 1B). Again the 
homology decreases beyond this highly conserved area, but 
specific conserved residues are still apparent. Regions b and b’ 
situated between a and a’ share no significant homology with 
any other known proteins. Despite considerable divergence in 
primary structure between b and b’, predicted secondary struc- 
ture is remarkably similar (see Fig. 1B). In addition, the distribu- 
tion of charged and hydrophilic residues is also similar. The 
two remaining regions of PDI (amino acids 91-152 and 432-489) 
also do not demonstrate any significant homology with known 
proteins. The region 91-152 is predicted to be almost entirely 
helical and disrupted by two reverse turns. The region 431-489 
contains a high density of negatively charged residues (29% 
Glu or Asp). 
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Fig.4 A, Schematic illustration of internal 
homologies within PDI, Numbers above refer 
to residue numbers (see text). B, Alignment of 
homologies with PDI regions a and a’ and with 
E. coli thioredoxin. Residues numbers are 
shown on the left in parentheses. Identical 
residues are boxed. For clarity, conservative 
replacements have not been shown. C, 
Homology between regions b and 6b’ within 
PDI. The sequences are shown in single-letter 
codes that correspond to the three-letter codes 
as follows: A, Ala, C, Cys; D, Asp; E, Glu; F, 
Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, C 
Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; Pot (153-198) 
T, Thr; V, Val; W, Trp; Y, Tyr. EOI 12555203) 
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The two Cys residues of thioredoxin nineio as an oxidation- 


. -reduction couple”. Thioredoxin can catalyse the reduction of 
- Insulin, one of the. known. activities of PDI?’ Analogous to this 
action of thioredoxin is the function of the two pairs of PDI 
= cysteines, which cooperate in the formation of disulphide bonds. 
The formation of a disulphide bond in a nascent polypeptide 
_ chain requires the presence of an oxidizing equivalent and 
T juxtaposition of the two Cys residues involved. Creighton et 
_al.'° proposed a mechanism by whieh the reduced protein first 
¿n Teacts with oxidized PDI and forms a mixed disulphide, which 
=- then undergoes an intramolecular disulphide rearrangement to 
-. yield a disulphide bond arid reduced PDI. Oxidized PDI would 
_ then be regenerated by a coupled oxidizing system (for example, 
. oxidized glutathione). Non-native disulphide bonds formed as 
intermediates in the folding pathway*'’ could be degraded by 
= the reverse of this process. This process would continue until 
- the final structure is obtained and disulphides would presumably 
=o no longer react because of thermodynamic constraints and/or 

-physical inaccessibility. The presence of a signal peptide Sug- 

-gests that PDI exists within the endoplasmic reticulum; as PDI 
associates with itself’, a nested array of active-site disulphides 

_ May present the nascent polypeptide chain with an oxidizing 

= microenvironment that allows the efficient catalysis of disul- 
phide interchange. 

Our finding of two domains containing active sites suggests 

an interesting alternative: because each domain can ostensibly 

react with sulphydryl groups or disulphide bonds, the condition 

for appropriate disulphide bond formation might be that the 

intrinsic folding energy of the interacting protein brings the two 

PDI active sites in apposition, thus facilitating disulphide bond 

interchange. The availability of the cDNA should allow direct 

analysis of the role of PDI in the process of disulphide bond 

interchange. 
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Recently, a class of protein antigens of high relative molecular 
mass (M,) which can induce protective immunity against blood- 
stage malaria has been identified'>. In Plasmodium falciparum 
the protein has a M, of ~ 195,000 (P195)* 7, It is the precursor 
of three proteins of M, 83,000 (83K), 42K and 19K which are the 
major surface antigens of merozoites””’; thus it may also be useful 
for immunization against P. falciparum. Three studies describing 
the isolation of single short complementary DNA clones for part 
of the P195 gene sequence have been reported*'®'®, Here we 
describe the complete structure of the P195 gene determined from 
further DNA clones, its organization within genomic DNA and 
the location of the specific processing fragments within the primary 
amino-acid sequence. 

The cDNA clone previously isolated'® was used as a probe 
to screen CDNA and genomic recombinants to obtain further 
DNA clones that cover the complete coding sequence (Fig. la). 
A total of 45 cDNA clones and 1 genomic clone from a HindIII- 
EcoRI digest of genomic DNA were isolated and characterized 
by cross-hybridization and restriction enzyme mapping. The 
cDNA clones and specific fragments from them were used to 
probe Southern blots of P. falciparum DNA cut with restriction 
enzymes (Fig. 1c). The map of restriction sites in genomic DNA 
(Fig. 1b) was colinear with that derived from the cDNA nucleo- 
tide sequence over the region corresponding to the coding 
sequence of the protein. This indicates that there are no discon- 
tinuities (introns) in the genomic DNA compared with the 
messenger RNA sequence. 

The sequence of 5,920 nucleotides is shown in Fig.2. A 
methionine start codon at nucleotide 418 is followed by an open 
reading frame of 4,920 nucleotides until the first stop codon at 
position 5,337. The A+T content of the sequence is high, an 
average of 76% within the coding region and 90% within the 
untranslated 5’ and 3’ ends. The open reading frame codes for 
a protein containing 1,640 amino acids with a calculated M, of 
188,049. The start codon is followed by a sequence coding for 
a putative signal peptide of 18 amino acids and there is a 
hydrophobic tail sequence at the carboxy terminus. Within the 
amino-acid sequence at residues 72-104, an alternate repeat of 
the two tripeptide sequences Ser-Gly-Gly and Ser-Val-Ala occur 
six and five times respectively. At the nucleotide level the central 
core of this repeat consists of an 18-base-pair (bp) sequence 
repeated four times with no degeneracy in the codon usage. 

Of the 19 cysteine residues, 11 are in the 96 C-terminal amino 
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Fig. 1 a, Restriction map of the @ 
P195 gene and alignment of the DNA \ i a „SEA, E, 
clones used for sequence analysis. ato taá 
The clone pPfc1007 contained an sine tH Ecom Samui Port 
internal deletion as indicated. The nib dr eT ce ae <0. Maa 


restriction enzyme sites indicated 
are: A, Alul; C, Hincll, D, Ddel, F, 
Hinfl, H, Ahalll, N, Ndel, R, Rsal, 
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T, Tagq1l. The positions of the start 1026 1013 

(ATG) and stop (TAA) codons for O17 1032 1028 
the long open reading frame are indi- SS eee 

cated on the scale bar. Complemen- Pic. see IS 


tary DNA from P. falciparum poly- 

adenylated RNA and cDNA libraries b 
was prepared as described pre- 
viously". Dideoxy chain termination 
and chemical cleavage'*'* were used 
to determine the sequence. Storage 
and manipulation of the sequence 
data were performed on a VAX 
11/750 computer using the programs 
of Staden'*'*. b, Organization of the 
gene in genomic DNA from the Well- 
come strain. The bars above and 
below the gene indicate the labelled 
probe used to identify specific 
restriction fragments. When specific 
fragments of cDNA clones were 
used, they are presented as, for in- 
stance, 0.32P-H(1017), meaning the 
0.32-kilobase (kb) Pstl-HindllIl 
fragment from pPfc1017. The restric- 
tion enzyme sites indicated include those listed in a as well 
as: B, BamHI, E, EcoRI, H, HindIII, N, Ndel, P, PstI, 
Pv, Puull. c, Southern blot analysis of P. falciparum genomic 
DNA probed with specific cloned DNA fragments. The 
genomic DNA was digested with HindIII and EcoRI (lanes 
1, 2), EcoRI and BamHI (lane 3), EcoRI and PstI (lane 


4), HindIII and Ndel (lane 5) and BamHI and PstI (lane - 


6). The blots were probed with nick-translated insert from 
clone pPfc1017 (lanes 1, 5) or clone pPfc1028 (lanes 2, 3, 
4, 6). d, Presence of the P195 repeat region in the genomic 
DNA of cloned lines of P. falciparum, Rsal digests of 
genomic DNA from the Wellcome strain (lane 1), and four 
cloned lines from T9, a Thai isolate, T9/94 (lane 2), T9/96 
(lane 3), T9/98 (lane 4), T9/101 (lane 5) and from the 
cDNA clone pPfcl013 (lane 6) were probed with a nick- 
translated 135-bp Rsal fragment from pPfcl017 (corre- 
sponding to nucleotides 613-747 in the sequence in Fig. 2). 


acids. There are 12 potential N-glycosylation sites and the P195 
of several strains has been shown to be glycosylated (R.T.S., 
unpublished observations). A comparison of the nucleotide 
sequence with that determined by Hall et al.* for a cDNA clone 
of P190 derived from K1, a Thai strain of P. falciparum, shows 
that their cDNA sequence begins at position 970 and is 
identical with the sequence in Fig.2 for 164 bases with the 
exception of an A-G substitution at position 973, The remainder 
of the sequence of Hall's clone is related to but not identical 
with the sequence up to nucleotide 1,248. Although the sig- 
nificance of the differences between the two sequences is unclear, 
the position of homology does not support their suggestion that 
this region is derived from the 3’ end of mRNA. 

We looked for the presence of the P195 repeats within the 
DNA of four cloned lines of P. falciparum derived from T9, a 
Thai isolate''. The Rsal fragment spanning the repeat sequence 
is present in the genomic blots of the Wellcome (West African) 
strain, in T9/94 and as a slightly faster moving fragment in 
T9/101, but is completely absent in T9/96 and T9/98 DNA 
(Fig. 1d). Therefore, this particular structure is variable in 
different clones from a single P. falciparum isolate. If the repeats 
are immunogenic they may represent a strain-specific repeating 
epitope and other clones may have a different repetitive 
structure. 
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Specific fragments of the cloned DNA were expressed in 
Escherichia coli as fusion proteins (Fig. 3). Inducible fusion 
proteins of M, 135K, 105K, 85K and 65K were present in the 
lysates of strains containing the plasmids pME1, pME2, pME3 
and pME4, respectively, detected by Coomassie blue staining 
or Western blotting with polyclonal anti-P195 antiserum. Addi- 
tional lower-M, species reactive with the antibodies that were 
present could be due to proteolysis or premature termination 
of the fusion proteins. 

The position of the processed fragments in the protein 
sequence was determined by direct sequencing or by binding to 
specific antibodies. The 83K fragment from P195 was purified 
in a soluble form (Fig. 4a) and subjected to N-terminal sequence 
analysis. The amino acids that were identified, positions 6-20 
from the N-terminus, correspond to residues 25-39 in the 
sequence (Fig. 2). This indicates that the 83K fragment is located 
at the amino terminus of P195 and that cleavage of the putative 
signal peptide occurs between the residues at positions 19 and 
20. The C-terminus of this fragment would be predicted to be 
within or close to a stretch of 11 amino acids with alternate Glu 
residues (731-741) followed by a proline-rich (45% ) stretch of 
20 amino acids. Antibody 89.1 reacted with the two fusion 
proteins derived from sequences within the 83K fragment region 
of the gene (Fig. 3c, tracks 3, 9), which locates the epitope for 
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| Fig. 2 Nucleotide sequence of the P195 gene and the deduced amino-acid sequence of the open reading frame, obtained from the overlapping 
DNA clones shown in Fig. 1. Overlined, the putative signal peptide and membrane anchor sequences; +, the end of the putative signal peptide 
and the beginnin , of the amino-acid sequence for the 83K fragment (Fig. 4a); boxed region, the amino-acid repeat structure; *, potential 

| i N-glycosylation sites. 
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Fig. 3 Expression of 

specific fragments of the a 
P195 gene as fusion pro- 
teins in E. coli. SDS- 
polyacrylamide gel elec- 
trophoresis (PAGE) anal- 
ysis of total lysates from 
bacterial strains contain- 
ing the plasmids pWRL 
507 (tracks 1, 2), pMEI 
(tracks 3,4), pME2 (tracks 
5, 6), pME3 (tracks 7, 8) 
and pME4 (tracks 9, 10) 
grown in the presence of 
indole acrylic acid (+) or 
tryptophan (—). a, The 
proteins have been stained 
with Coomassie blue. b, c, 
The proteins have been 
transferred to nitrocel- 
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lulose and probed with either a polyclonal antiserum against purified P195 (b) or monoclonal antibody 89.1 (c). The positions of standard 
M, markers are shown. Plasmid constructions: pWRLS507 (a gift from Dr M. Winther) is derived from pAT153 and contains the trpE control 
region and part of the coding sequence of the trpE gene product'® to the BglII site at nucleotide 966 followed by a synthetic 13-bp BglIl-EcoRI 
adaptor. The recombinant plasmids contain: pME1, the 2.7-kb Ndel-EcoRI fragment from pPfgi (nucleotides 876-3,559); pME2, the 2.4-kb 
EcoRI- HindIII fragment from pPfc1028 (nucleotides 3,555-5,920, with the HindIII site in the polylinker region); pME3, the 1.2-kb EcoRI- Ndel 
fragment from pPfcl028 (nucleotides 3,555-4,759); pME4, the 0.75-kb Rsal-HindIlIl fragment from pPfcl013 (comprising nucleotides 


1,065-1,816, the HindIII site is in the polylinker region). 


this antibody between amino-acid residues 154 and 466. 
Antisera raised against the partially purified fusion proteins 
as well as monoclonal antibodies were used to immunoprecipi- 
tate P195 and specific fragments from extracts of *°S-methionine- 
labelled parasites. All the antibodies precipitated P195 (Fig. 45). 
Antibody 89.1 (track 2) and antibodies against the fusion protein 


e b 
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Fig. 4 Identification of the processed fragments within P195. a, 


Affinity purification of the 83K fragment from supernatants of in 
vitro cultures of P. falciparum for N-terminal sequencing'’. Culture 
supernatants were passed through a column of antibody 89.1- 
Sepharose and after extensive washing the specifically bound 
material was eluted” (track 2) and then passed through a protein 
A-Sepharose column to remove contaminant immunoglobluin 
(track 3). Polypeptides were analysed by SDS-PAGE on a 10% 
polyacrylamide gel and detected by Coomassie blue staining. In 
track 1 are standard M,. b, SDS-PAGE analysis on a 10% polyacry- 
lamide gel of polypeptides from extracts of *°S-methionine-labelled 
P. falciparum- infected red cells. Extracts were immunoprecipitated 
with normal mouse serum (track 1), monoclonal antibody 89.1 
(track 2), monoclonal antibody 111.2 (track 3), monoclonal anti- 
body 111.4 (track 4), rabbit polyclonal anti-P195 (track 5), mouse 
antiserum raised against the fusion protein produced by the recom- 
binant plasmids pME1 (track 6), pME2 (track 7) and pME3 (track 
8). Monoclonal antibodies 111.2 and 111.4 were obtained using 
the procedure described previously®, except that the BALB/c mice 
were immunized intraperitoneally with 5 x 10° merozoites and then 
boosted 28 days later with a similar number of merozoites 
intravenously. Antisera to the fusion proteins produced in E. coli 
were prepared by immunizing mice intraperitoneally on two 
occasions 21 days apart with 100 ug of protein in the presence of 
Freund's complete adjuvant. Antiserum was collected 7 days later. 


produced by plasmid pME1 (track 6) precipitated the 83K 
fragment together with the intermediate processing fragments 
of about 150K and 110K that have been described previously’. 
The two monoclonal antibodies 111.2 and 111.4 did not bind 
to the 83K fragment or the intermediates (tracks 3 and 4). These 
two antibodies reacted with a different series of fragments, in 
particular, 30K and 46K species. The same polypeptides bound 
by 111.2 and 111.4, as well as the 150K species, were recognized 
by antisera raised against the fusion protein products of pME2 
(track 7) and pME3 (track 8). From extracts of surface-labelled 
merozoites, antibody 89.1 immunoprecipitated only the 83K 
species? while antibodies 111.2 and 111.4 precipitated both the 
42K and 19K species, which appear to be complexed in a 
noncovalent association (data not shown). Since the 83K frag- 
ment has been located at the N-terminus of P195 by direct 
sequencing, these data support the tentative suggestion that the 
42K merozoite surface fragment is derived from the C-terminus 
of P195. Antibody 89.1 does not detect the 83K fragment in 
newly invaded ring forms and the presence of this fragment in 
culture supernatants suggests that it is specifically shed during 
invasion. On the other hand, antibodies 111.2 and 111.4 react 
with newly invaded ring forms in the immunofluorescence test. 
This suggests that the fragment containing these specific epitopes 
is carried through into the red cell during invasion. 
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Brain Research Supplementum 10. A.W. GOODWIN 
and I. DARIAN-SMITH (eds). Springer-Verlag: | 
1985. Pp.314. ISBN 3-540-13948-6. DM 98. 

Hematopoietic Stem Cells. DAVID W, GOLDE 
and FUMIMARO TAKAKU (eds). Dekker:/ 985, 
Pp.379. ISBN 0-8247-7224-5, $69.75. 

Higher Order Structure in the Nucleus. P.R. COOK 
and R.A. LASKEY (eds). The Biochemical 
Society: 1985. Pp.234. ISBN 0-9508709-4-3, £10, $19. 

How Animals See: Other Visions of Our World. By 
SANDRA SINCLAIR. Croom Helm: 1985. Pp. 146, 
ISBN 0-7099-3336-3. £12.95, 

Inclusion Compounds, Vol. 3. J.L. ATWOOD. 
J.E.D. DAVIES and D.D. MacNICOL (eds). 
Academic:1985. Pp.669. ISBN 0-12-067103-4. $98, 
£65. 

Intestinal Microbiology. By B.S. DRASAR and 
P.A. BARROW. Van Nostrand Reinhold:19885., 
Pp.80, Pbk ISBN 0-442-30598-2. Pbk £5.25. 

The Lion-Tailed Macaque: Status and Conserva- 
tion. Monographs in Primatology, Vol. 7. PAUL G. 
HELTNE (ed.). Alan R. Liss:1985. Pp.4il. ISBN 
0-845 1-3406-X. £44. 

Mathematical Modelling of Dynamic Biological Sys- 
tems, 2nd Edn. By LUDWIK FINKELSTEIN and 
EWART R. CARSON. Research Studies Press :1985., 
Pp.355. ISBN 0-86380-024-6, £43.50. 

Mediterranean Marine Ecosystems. MARIA 
MORAITOU-APOSTOLOPOULOU and VASSILI 
KIORTSIS (eds). Plenim: 1985, Pp.407. ISBN 0-306- 
41910-6. $65. 

Methods in Enzymology. LUTZ BIRMBAUMER 
and BERT W. O'MALLEY (eds). Academic: 1985. 
Pp.891, ISBN 0-12-182009-2. $85, £65. 

Microbial Extrachromosomal Genetics. By 
STEPHEN OLIVER and TERENCE BROWN. Van 
Nostrand Reinhold:198S. Pp.85. Pbk ISBN 0-442- 
30587-7. Pbk £5.25. 

Microfungi on Land Plants: An Identification Hand- 
book. By MARTIN B. ELLIS and J. PAMELA 
ELLIS. Croom Helm:1985. Pp.818. ISBN 0-7099- 
0950-0. £45. 

Microorganisms as Model Systems for Studying 
Evolution. ROBERT P. MORTLOCK ({ed.). 
Plenum:1985. Pp.326. ISBN 0-306-41788-X. Np. 

Modern Cellular Automata: Theory and Applica- 
tions. By KENDALL PRESTON and MICHAEL 
J.B. DUFF. Plenum:1985. Pp.340. ISBN 0-306- 
41737-5. Np. 

Modern Chromatographic Analysis of the Vitamins. 
ANDRÉ P. DE LEENHEER, WILLY E. LAM- 
BERT and MARCEL G.M. DE RUYTER (eds). 
Dekker:1985. Pp.576. ISBN 0-8247-7221-0. $102, 
SwFr. 255. 

Monkeys and Apes. LONGMAN NATURE LIB- 
RARY. Longman:1985. Pp.127. ISBN 0-582-89214- 
7. £3.95. 

Neural Grafting in the Mammalian CNS, ANDERS 
BJORKLUND and ULF STENEVI (eds). 
Elsevier: 1985. Pp.709. ISBN 0-444-80622-9. $157.50, 
Dfl. 425. 

Nutrition of Piantation Forests. G.D. BOWEN and 
E.K.S. NAMBIAR (eds). Academic:1985. Pp.516. 
ISBN 0-12-120980-6, $75, £49.50. 

Owls and Birds of Prey. LONGMAN NATURE 
LIBRARY. Longman:1985. Pp.128. ISBN 0-582- 
89215-5. £3.95. 

Pediatrics Update. ARTHUR H. MOSS. 
Elsevier: 1985, Pp.412. ISBN 0-444-00922-1. $59.50. 

Ptant-Microbe Interactions: Molecular and Genetic 
Perspectives. TSUNE KOSUGE and EUGENE W. 
NESTER (eds). Collier Macmillan:1985. Pp.444. 
ISBN 0-02-949470-2. £42. 

The Reticuloendothelial System: A Comprehensive 
Treatise. JOHN W. HADDEN and ANDOR SZEN- 
TIVANYI (eds). Plenum:1985. Pp.469. ISBN 0-306- 
41792-8. Np. 

Siderophores from Microorganisms and Plants: 
Structure and Bonding, Vol. 58. M.J. CLARKE et al. 
(eds). Springer-Verlag:1984. Pp.143. ISBN 3-540- 
13649-5/0-387-13649-5. DM 86. 

Smoking and the Lung. G. CUMMING and G. 
BONSIGNORE (eds). Plenum:1984. Pp.504. ISBN 
0-306-41828-2. Np. 

Successful Nature Watching: A Step-by-Step Guide 
to Watching Wildlife. By DEREK HALL, ANDREW 
CLEAVE and PAUL STERRY. Hamlyn:1985. 
Pp.240. ISBN 0-600-30602-X. £7.95. 


BOOKS RECEIVED 
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A Theory of Forest Dynamics: The Ecological Im- 
plications of Forest Succession Models. By HERMAN 
H. SHUGART. Springer-Verlag: 1985, Pp.278. ISBN 
0-357-96000-7 4-540-96000-7. DM 89. 

Transaminases. PHILIPP CHRISTEN and 
DAVID E. METZLER. Wiey:1985. Pp.643. ISBN 
0-471-08301-4. £158. 

Trichinetlosis. CHARLES W. KIM (ed). The State 
University of New York Press:1988. Pp.343. ISBN 
88706-091 -9, $49.50, 

Fhe Virulence of Escherichia coli: Review and 
Methods. M. SUSSMAN {ed} Academic: i985. 
Pp.473. ISBN 0-12-677520-6. 375, £60. 

Viruses and Cancer. P.W.J. RIGBY and N.M. 
WILKIE (eds), Cambridge University Press; 1985. 
Pp. 323. ISBN 0-521-26867-2. $364, 50. 

Loophysiology, Vol. 17: The Control of Fish Migra- 
tion. By RLF. SMITH. Springer-Verlag: 1985, 
Pp.243. ISBN 3-540-13707-6'0-387-13707-6. DM 136. 
$47.80. 





Applied Biological Sciences 


Advances in Perinatal Medicine, Vol. 4. AUBREY 
MILUNSKY. EMANUAL A. FRIEDMAN and 
LOUIS GLUCK (eds). Plenten:/985, Pp.329, ISBN 
0-306-4 1840-1. Np. 

Anaerobic Treatment of Forest Industry Wastewa- 
ters. P. RANTALA and A. LUONSI (eds). 
Pergamon:1985, Pp.326. Pbk ISBN 0-08-032729-X. 
Pbk £27.50, $44. 

Asbestiform Fibers: Nonoccupational Health Risks. 
COMMITTEE ON NONOCCUPATIONAL RISKS 
OF ASBESTIFORM FIBERS. National Academy 
Press: 1984. Pp. 334. Pbk ISBN 0-309-03446-9. Pbk 
£25.85. 





General 


Absorption and the Gibbs Surface Excess. By D.K. 
CHATTORAJS and K.S. BIRD. Plenum: 1984. 
Pp.471 ISBN 0-306-41334-5, $59.50. 

Abstract Measurement Theory. By LOUIS 
NARENS. Massachusetts Institute of Technology: 
1985. Pp.334. ISBN 0-262-14037-3. Np. 

Abstracts and Indexes in Science and Technology: A 
Descriptive Guide, 2nd Edn. By DOLORES B. 
OWEN, Scarecrow Press, 52 Liberty St, PO Box 656, 
Metuchen, NJ 08840, USA: 1985. Pp.235. ISBN 0- 
8108-1712-8. $17.50. 

The Amazon. HARALD SIOLI (ed.). Dr W. Junk: 
1984. Pp. 763. ISBN 90-6193-108-8. $172, £114.50. 

Anticipated and Abnormal Plant Transients in Light 
Water Reactors, Vols 1 & 2. PAMELA L. LAS- 
SAHN. DEBU MAJUMDAR and GEORGE F. 
BROCKETT (eds). Plenum: 1984, Vol. LISBN 0-306- 
41718-9, Vol 2. ISBN 0-306-41718-9. £225. 

Assessing Sex Bias in Testing: A Review of the 
issues and Evaluations of 74 Psychological and Educa- 
tional Tests, By PAULA SELKOW. Greenwood 
Press, Westport, Connecticut! Westport Publications, 3 
Henrietta Street, London: 1984. Pp.264. £27.95, 

Biotechnology Engineers: Biographical Directory. 
By OSKAR R. ZABORSKY and DONNA K. ZUB- 
RIS. OMEC. 1985, Pp.360. Pbk ISBN 0-93128-05-1 
Pbk $29.93. 

Buried Structures: Static and Dynamic Strength. By 
P.S. BULSON. Chapman and Hall: 1985. Pp.227. 
ISBN 0-412-21560-8, £25, $42.50. 

Ceramic Theory and Cultural Process. By DEAN 
E. ARNOLD. Cambridge University Press: 1985. 
Pp.268. ISBN 0-521-25262-8. £19.50. 

The Challenge of Smaliheiding. By SEDLEY 
SWEENY. Oxford University Press: 1985. Pp.222. 
Pbk ISBN 0-19-286018-6, Pbk £3.95, 

Chaos. By HAO BAI-LIN. World Scientific: 1984. 
Pp.576. Pbk ISBN 9971-966-50-6. Pbk £25.30. 

Chemical Processes in Lakes. WERNER STUMM 
(ed.). Wiley: 1985. Pp.435. ISBN 0-471-88261-5. 
£69.35, 

The Christian Frame of Mind. By THOMAS F. 
TORRANCE. Handsel Press, 33 Montgomery St, 
Edinburgh EH? 5}X: 1985. Pp.62. Pbk ISBN G- 
905312-43-0. Pbk £3.50. 

Cry of the Kalakari. By MARK and DELIA 
OWENS. Harvill: 1985. Pp.341. ISBN 0-00-216357-8. 
£9.95, 
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UNIVERSITY OF ' 
ABERDEEN, 


WELLCOME LECTURESHIP 
IN PHYSIOLOGY 


= hese are invited for a 
ellcome Lectureship m the De- 
partment of Physiology. 


The appointee will be expected to 
pursue research into cardiovascular 
and neurophysiological changes 
under hyperbaric , conditions. 
Previous experience in hyperbaric 
work is not essential although in such 
cases experience in cardiovascular 
physiology or neurophysiology 
would be important. i 


Salary on Lecturer Scale, £7,520 
— £14,925 per annum, with appro- 
priate placeing (scale under review). 


Further particulars, and applica- 
tion forms from The Secretary, The 
University, Aberdeen, with whom 
applications (2 copies) should be 


lodged by 11 October 1985. (Ref No ` 
TY/001). (7609)A 


GEOLOGICAL 

` ENGINEERING/ 

ENGINEERING 
GEOPHYSICS 


Tenure Track 


‘Applications are invited from suit- 


‘able qualified geologists and engin- 


eers to teach geological engineering 
classes at both the graduate and 
undergraduate level and to pursue 
research interests in either experi- 
mental or computational rock 
mechanics. 


Applicants should be qualified at 
the Ph.D. Level and ideally should 
be eae for registration as Profes- 
sional Engineers., Appointment is 
likely to be made at the rank of assis- 


tant professor. i l 


Letters of application namin 
three referees should be addresse 
to Professor M.J. Reeves, Search 
Committee Chairman, Department 
of Geological Sciences, University of 


‘Saskatchewan, Saskatoon, Sask., 


S7N OWO, Canada.. (NWI162)A 


' Midd 


THE MIDDLESEX 
HOSPITAL 
MEDICAL SCHOOL 


(University of London) 


DEPARTMENT OF ANATOMY AND 
BIOLOGY AS APPLIED TO 
MEDICINE 


POSTDOCTORAL 
RESEARCH ASSISTANT 


A are invited for the post 
of Postdoctoral Research Assistant 
to work on the analysis of limb mor- 
phogenesis using retinoids. The 
post, supported by the Medical Re- 
search Council, is for three yéars 
starting 1 October 1985. Tissue cul- 
ture experience would be an advan- 
tage. Salary in the range £8,753— 
£10,153, inclusive of London Allow- 
ance. 


Applications, together with the 


names of two referees. to Dr C 
Tickle, Department of Anatomy and 
Biology as Applied to Medicine, The 
ux Hospital Medical School, 
Mortimer Street, London WIP 7PN. 
(7682)A 


MRC LABORATORY OF 
MOLECULAR BIOLOGY 


Cambridge 


RESEARCH ASSISTANT 
Applications are invited from grad- 
uates with at least 3 years’ research 
experience to work on a project inv- 
olving genetic and biochemical stu- 
dies on eukaryotic gene regulation. 
Experience ın protein and/or nucleic 
acid chemistry would be an advan- 
tage but relevant experience in other 
areas of molecular biology or bioch-’ 
emistry will be taken into considera- 
tion. , i 


The post is available for 3 years 
and the salary will be in the range 
£7,520-£11,675. Further informat- 
ion from Dr Andrew Travers 
(Cambridge (0223) 248011). 


Applications — including a full 
CV and the names of two profess- 
ional referees — should be sent by 
October 10 quoting reference AT/85 
to: The Assistant Director, MRC 
Laboratory of Molecular Biology. 
Hills Road, Cambridge-CB2 2QH. 

(7666)A 





k 


| Senior Cancer Molecular! | 
_. Cellular Biologist — 


The Corporate Bioscience Group seeks to 
apply the latest molecular and cellular biological 
techniques to IC's biological business areas. 

The Group requires an established scientist to 
lead a team involved in studies on the molecular 
biology of breast cancer. The team’s primary 


establish further contacts. 


The Corporate Bioscience Group is currently 
located in Runcorn, Cheshire, but is planning to 


Alderley Edge. 


~ relocate fo ICI’s primary health core research site at 


The salary for this key position will be’ 


objective is tò explore the development of novel 
freatment and management strategies for this ` 
important disease, ah is already of major ° 
commercial interest to the Company. 
The successful candidate will have several 
` years postdoctoral experience in innovative cancer. 

. research and a proven track record as an 
independent investigator and team leader. He or 
she will assume responsibility for an existing team 
and there will be opportunities for further 
recruitment. The Group also maintains close 
collaborations with major academic centres 
throughout the world. There will be opportunities 
to participate in existing collaborations and to 


commensurate with the experience and seniority of 
the successful applicant and is anticipated to be not 
less than £16,000 pa. ICI also operates a generous 
profit sharing scheme. Relocation expenses will be 
payable where appropriate. 

If you are interested inthis exciting and 
challenging position, please write in confidence’ 
including a comprehensive curriculum vitae fo: 

. MrRE Neale. 
Personnel Department 
Imperial Chemical industries ple | 
PO Box 11, The Heath, Runcorn, Cheshire. 
Ploase quote reference: SCM 


Closing date: 10th October 1985. 


~ + 
t a te at 


(7700)A 
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CSIRO 


AUSTRALIA 


RESEARCH FELLOW 
(ENERGY ENGINEERING) 
$26,001 — $32,083 


DIVISION OF ENERGY TECHNOLOGY 
LUCAS HEIGHTS, NSW 


GENERAL. The Division of Energy Technology undertakes research di- 
rected towards the balanced use of Australia’s energy resources The 
Division has a total staff of 77, including 36 professtonal engineers and 
scientists, located at Highett, Vic., and Lucas Heights, NSW 


Energy systems analysis is a major activity of the Division at the Lucas 
Heights Research Laboratories Key elements in the programme are re- 
search and development of methods for scenario projections of national 
and state energy supply and demand, and the study of optimal operating 
strategies for industrial energy use. 


DUTIES. The appointee will initially, as part of a multi-disciplinary team, 
undertake research into industrial energy load management. These studies 
are aimed at developing optimal plant operating strategies in co-operation 
with industry, using operations research methods. Facilities available for 
the work consist of a large mainframe computer and some micro- 
computers. 


QUALIFICATIONS: A PhD degree or equivalent qualifications in Engineer- 
ing or Science with industrial experience in energy management, together 
with a familiarity with programming languages. Experience in operations 
re-search is desirable but not essential. 


TENURE: A term of four years with Australian Government superannu- 
ation benefits available. 


APPLICATIONS. Stating relevant personal particulars, including details of 
qualifications and experience, the names of at least two professional 
referees and quoting reference No A6493, should be directed to: 

The Chief 

CSIRO Division of Energy Technology 

Lucas Heights Research Laboratory 

Private Bag 7 

SUTHERLAND NSW 2232 

by 4 weeks from date of publication 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
i {W2223)A 


Ww Yale UNIVERSITY 


Plant Molecular Genetics 
Yale University Department of Biology 


Yale University Department of Biology invites 
applications for an Assistant Professor to join in a 
growing departmental effort in Plant Molecular 
Biology. The successful applicant is expected to 
develop a strong research program and to participate 
in undergraduate and graduate teaching 


Send curriculum vitae, statement of current and 
proposed research and names of three references by 
November 15, 1985 to: Senior Administrative 
Assistant, Department of Biology, Room 902 KBT, 
Yale University, New Haven, CT 06511-8112. 


Yale University ıs an Equal Opportunity/Affirma- 
tive Action Employer. 
(NW287)A 
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(University of London) 


New Blood Lecturer/ 
Senior Registrar in 
Nuclear Magnetic Resonance 


in Department of Diagnostic Radiology 


Applications are invited for the post of New Blood Lecturer in NMR, 
tenable at the Royal Postgraduate Medical School from 1 January 
1986 or as soon as possible thereafter The new Lecturer will join 
the Medical Research Council NMR Imaging Unit in the Depart- 
ment of Diagnostic Radiology and will be expected, as well as 
contributing to the work of the Unit, to collaborate with Dr D 
Gadian at the Royal College of Surgeons on a small bore spectro- 
scopy machine for use with animals and with Dr |. Young’s team at 
Hirst Laboratories (GEC Picker International) developing a whole- 
body spectroscopic ‘unit to be established at Hammersmith 
Hospital in 1986 


Suitable applicants might be either scientists (up to 35 years) with a 
particular interest in NMR spectroscopy and imaging, or clinically 
qualified radiologists or general physicians (up to 38 years) with 
similar interests Further particulars for the post can be obtained 
from the Deputy Secretary, Royal Postgraduate Medical School, 
Hammersmith Hospital, Du Cane Road, London W12 OHS (Tele- 
phone: 01-743 2030 ext 263). Applicants wishing to discuss the post 
informally should contact Professor R E Steiner (Telephone. 01- 
743 2030 ext 553 or 01-743 0258. 


The closing date for receipt of applications is 25 October 1985. 
(7663)A 


MICROBIOLOGY 


Applications are invited for a senior level, tenure-track faculty position in 
the field of microbiology. Preference will be given to persons having 
established research programs (as evidenced by publications in respected 
journals and a history of consistent extramural grant support), the ability 
to interact positively (both scientifically and scholastically) with col- 
leagues, and demonstrate academic leadership capabilities. Salary and 
rank will be commensurate with the qualifications of the successful can- 
didate(s). Although the specific area of microbiological research is open, 
teaching responsibility will be microbial physiology at both the graduate 
and undergraduate levels. 


Applications, including curriculum vitae and list of references should be 
sent to: Dr. Timothy C. Hall, Head, Department of Biology, Texas A&M 
University, College Station, Texas 77843. 


Texas A&M University is an equal opportunity employer. 
(NW292)A 


INFRARED ASTRONOMER 


National Radio Astronomy Observatories 


The NOAO invites applicants and nominations for a position of 
Astronomer to be filled by.a scientist with extensive experience in infrared 
astronomy and instrument development. This ıs a new position which will 
exercise major influence in defining future directions of the infrared 
program within the NOAO. The appointee will be expected to conduct a 
program of personal research and to play a focal role in developing new 
directions in infrared instrumentation and in the application of new 
technology to ground-based astronomy. An opportumty will also be 
provided to participate closely in the IR program of the National New 
Technology Telescope and such other new infrared facilities as may be 
undertaken by NOAO Weare seekinga vigorous, enterprising scientist of 
exceptional ability to fill this key position Individuals who feel their 
qualifications match the opportunity are invited to send application 
materials with names of three references by October 30, 1985 to. Dr. 
John T. Jefferies, Director, NOAO, P.O. Box 26732, Tucson, 
Arizona 85726. 


An EEO/AA Employer 
(NW295)A 
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ASSISTANT 
SPECIALIST 


It is anticipated that funds will be 
available from a National institutes 
of Health of National Science Foun- 
dation grant for two years, starting 
December 1, 1985, with possibility 
of renewals, to support a three- 
quarters to full-time individual 
($17,739—$27,096) to study DNA 
from ancient remains and to refine 
the high-efficiency cloning tech- 
niques required for this work. Ap- 
plicant must be proficient at DNA 
purification, cloning, and se- 
quencing, with documented exper- 
tise at working with palaeobio- 
logical DNA. Candidate must have 
at least three years work beyond 
the Ph.D., experience in super- 
vising and teaching, a background 

























involved in the project. Skills at 



















Head of Fruit, Y 
Vegetable and Root Crops 






Woe 


STs 














Section 





‘Tropical Development and Research | 
Institute, London 


in methods of evolutionary The TDRI ıs one of the scientific You should have a good honours 
analysis, and a publication record umts of the Overseas Development degree or equivalent in plant physiology, 
testifying to expertise in the areas Administration and collaborates with the biochemistry, food scrence/technology, 


developing countries to solve agncultural botany or a.related subject, together with 


en plea and health problems. relevant experience and a successful 

analvees desirable. Sond resumé, The Fruit, Vegetable and Root Crops record of R&D achievements in some of 

names of three references, copies Section 1s concerned with optimising these areas. 

of relevant publications ‘by 15 Oc- production and solving problems hmiting Appointment as Principal Scientific 

tober 1985 to: Dr Allan C. Wilson, the use of these commodities after Officer; £13,720- £17,825 according to 

searing 2 pajer p harvest. As head of a 12-strong multi- qualifications and experience Includes 

keid Hy h Berkeley pisi Ea se disciplinary team you will be involved in £1365 Inner London Weighting. 

Opportunity, Affirmative Action plant physiology, biochemistry and For further details and an application 

Employer. (NW297)A pathology studies concerned with form (to be returned by 11 October 1985) 
reducing Fo EN ara ate cao write to Civil Service Commission, 
improving the qu Of iresn proauce. in Alencon Link, Basingstoke, Hants, 

FOSIDOOTORO E OSTAN naD addition, you will undertake short term RG21 1JB, or ‘esto Basingstoke 

the EEEN GABA Tecan. overseas assignments concerned with (0256) 468551 (answering service 

tor and endogenous ligands using R&D project identification, monitor ‘ operates outside office hours). 


monocional antibodies. Ph.D. in 
biochemistry cell or molecular bi- 
ology. Send curriculum vitae and 
three reference names to: Dr A. L. 
de Blas, Department of Neuro- 
biology and Behaviour, SUNY 
Stony Brook, Stony Brook NY 
11794. SUNY Stony rook is an af- 
firmative action/equal opportunity. 
ore and enn AK#250- 
(NW303)A 












MOLECULAR GENETICIST 


The Department of Physiology and Pharmacology is seeking a 
molecular geneticist to participate in applications of genetic en- 
gineering techniques to animal systems. The successful appli- 
cant is expected to have advanced training with postdoctoral 
experience in molecular genetics. Salary and rank commen- 
surate with experience. Applications will be accepted before 
November 1. Applicants should submit a letter of application, 
CV, and three letters of reference to:Dr Benjamin G. Brackett, 
Head, Department of Physiology and Pharmacology, College of 
Veterinary Medicine, The University of Georgia, Athens, GA 
30602. An equal opportunity/affirmative action employer. 

(NW299)A 















MEMORIAL UNIVERSITY OF NEWFOUNDLAND 
Faculty of Medicine — Basic Sciences Division 


Applications are being accepted for a tenure track position in Molecular 
_ Biology at the Assistant or Associate Professor level Minimum qualifica- 
tons required include a Ph.D. and postdoctoral experience in molecular 
Biology. The successful candidate wil! be expected to establish a vigorous 
independent research program which could complement ongoing pro- 
grams in gene regulation at the transcriptional and post-transcriptional 
levels, chromatin organisation, molecular cloning of receptor genes for 
hormones and viruses, and molecular approaches to oncogenesis. In ac- 
cordance with Canadian immigration regulations, preference will be given 
in the first instance to Canadian citizens'or landed immigrants. Interested 
applicants should forward curriculum vitae with an indication of research 
plans and names of three references, by January 1, 1986, to: Dr A. T. H. 
Burness, Faculty of Medicine, Memorial University of Newfoundland, St. 
John’s, Newfoundland, Canada, A1B 3V6. (NW301)A 





projects, carry out advisory and Please quote ref: S(H)677 
training activities and draft project 


proposals for TDRI — ODA R&D The Civil Service is an equal 
programmes. 


Overseas Development Administration 











opportunity employer 
{7688)A 







the international journal of science seeks a science journa- 
list for the Washington office of Nature. 


Essential qualifications: 


@ University or equivalent science education, ideally 
with research experience. 


@ Knowledge of and an interest in scientific equipment or 
computers and/or the companies that make them. 


© ae of literacy in English, preferably as published 
wor ' 


Previous experience of journalism not essential. 


Applications with full curriculum vitae by 9 October 1985 
to the Editor, Nature, 1134 meee: Press Building, 


. Washington, DC 20045. 


(7684)A 
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PhD SCIENTIST 


Apcel Limited owned equally by Celltech Limited and Air Products 
Limitec, was set up in November, 1984 to undertake research and 
commercially develop advances in the field of industrial microbiology. 

This new dynamic company is expanding rapidly and a vacancy 
exists for a recent PhD graduate with experience of recombinant DNA 
techniques and an interest in either Gram-Negative broad host range 
plasmids or secretion from Gram-Negative organisms. 

Asayoung ambitious company, Apcel has excellent career prospects 
for the right people. We offer an attractive salary and benefits package, 
and you would be in at the start of an exciting new venture, with every 
opportunity for gaining invaluable experience and steady advancement. 

Please send a detailed c.v. to Sue Byrne, Apcel Ltd., 

244 -250 Bath Road, Slough, Berks SL1 4DY, 
quoting reference A18. 





(7699)A 
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MONASH UNIVERSITY 
- Melbourne - Australia 


POST-DOCTORAL 
RESEARCH IN 
MOLECULAR BIOLOGY OF 
FLAVIVIRUSES 


NH&MRC position available now 
and funded unti! December 1987, 
for research tn flaviviruses replica- 
tion and molecular basis of expres- 
sion In conjunction with research 
group characterizing cDNA librar 
ies of Kunjun RNA and dengue 2 
RNA In plasmid vectors Salary: 
$A22,614 - $A32,115. Letter or 
phone enquiries to Or E G. 
Westaway (03) 541 3222 or Dr P. J 
Wright (03) 541 3228, Department 
of Microbiology. 












































Applications including Ref No 
30962, qualifications, experience 
and 3 referees to the Registrar, 
Monash University, Clayton, Vic, 
3168, Australia, by 25th October 
1985 


AN EQUAL OPPORTUNITY 
EMPLOYER 
(W2230)A 





















CSIRO 


AUSTRALIA 


SENIOR RESEARCH 
CLIMATE MODELLING 


A$33,209 — A$45,083 


DIVISION OF ATMOSPHERIC RESEARCH 
ASPENDALE, VICTORIA 


GENERAL: The Division of Atmospheric Research maintains broadly-based 
research programs in dynamical meteorology, boundary layer physics, 
climatology, radiation, cloud physics and atmospheric chemistry. Total 
staff numbers approximate 130. 


The Division’s Larga Scale Dynamics program is concerned with the study 
of processes which determine the general circulation of the atmosphere 
on length scale of 10° km and greater together with its variability and the 
climatic consequences of this variability. 


DUTIES. To undertake research into the numerical simulation of the 
atmospheric circulation and in collaboration with other members of the 
group and outside organisations to contribute to research in studies of 
climate and its variability. For the first year, the appointee will be required 
to participate in a study of the impact of “nuclear winter” scenarios on the 
Southern Hemisphare. 

QUALIFICATIONS: A PhD degree or equivalent qualifications in the physi- 
cal sciences with & record of demonstrated research achievement and, 
preferably experience in the development of numerical models for large 
scale atrnospheric circulation studies of climate and Its variability. 
TENURE: A term of three years with Australian Government superannu- 
ation benefits available. 

SALARY LEVEL: Senior Research Scientist/Principal Research Scientist. 
APPLICATIONS: Stating relevant personal particulars, including details of 
qualifications and experience, the names of at least two professional 
referees and quoting reference No. A1839, should be directed to: 

The Chief 

CSIRO Division of Atmospheric Research 

Private Bag No 1 

MORDIALLOC VIC 3195 


by 4 weeks from date of publication 





































(W2224)A 


molecular 
‘biologist 


Staff position open in the Human Genetics 
Department (head: prof.dr. H.H. Ropers) 
for an advanced molecular biologist with 
medical background or strong medical 
interest to build up and head diagnostic 
recombinant DNA-group. This group will 
complement the three other groups of the 
department (molecular genetics, cyto- 
genetics and genetic counseling) by 
concentrating on the application of 
recombinant DNA-techniques to the 
‘routine diagnosis of genetic disorders. 

In addition to scientific excellence, this 
position will require leadership and 
management skills, owing to the 
envisaged rapid growth of the diagnostic 
recombinant DNA-group. 

Salary will as yet be in the range of 

f 5.708,- to f 6.854,- a month, depending 
on qualifications and experience. 
Applications including a full CV and the 
names and adresses of two references 
should be sent to the Personnel 
Department, Gerard van Swietenlaan 4, 
6525 GB Nijmegen, The Netherlands 
with reference to code PN/64. 


Catholic University Nijmegen, 
Faculty of Medicine and Dentistry. 


(W2232)A 
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Yale veneer: i 


MOLECULAR EVOLUTIONIST/ 
SYSTEMATIST 


Yale University Dept. of Biology 


The Yale University Department of Biology is con- 
tinuing its search for a new faculty member in the 
area of Molecular Evolution or Molecular System-. 
atics. ; 


Preference will be given to experimentalists working 
with modern DNA techniques. The successful can- 
didate will be expected to lead an actıve research 
program, interact with related faculty; and con- 
tribute to the Department’s teaching of graduate and 
undergraduate students. Appomiaenta is expected at 
the assistant professor leve 


Interested individuals should send curriculum vitae, 
summary of past and present research, and the 
names of at least three references to: Executive Sec- 
an Molecular Evolution Search Committee, 
See Nowe of Biology, Yale University, P.O. Box 
666, New Haven, CT 06511. Deadline for receipt of 
Polao 1s December 1, 1985. 


Yale University is an Equal Opportunity/A ffirm- 
ative Action Employer. ` 
(NW286)A 


HIRING FOR THIS POSITION - 
HAS BEEN SPECIFICALLY AUTHORIZED BY THE 
COUNTY MANAGER 


DIRECTOR OF LABORATORY, 
MEDICAL EXAMINER | 


(Exempt) 
$1,760 — $2,499 bi-weekly 


to direct the overall operations of a Forensic Toxicology Labora- 
tory as part of a Medical Examiner.Department. Have an aware- 
ness of new toxicological reports produced by the laboratory. 
Coordinate and review all toxicological reports produced by the 
laboratory. Testify in court as an expert witness. Have strong 
managerial skills. Forward two copies of your resume and proof 
of formal education including transcripts to the address below 
indicating title of position for which you are applying by Friday 
November 29, 1985, 4 p.m. 
Employee Relations Department 
Employment Services Division 
200 South Miami Avenue, Suite 240 
Miami, Florida 33130 i 
— REQUIREMENTS — 

Proof of all formal education, diploma, transcript, training or 
certifications must be submitted at the time of application. Medi- 
cal and Physical requirements must be met at the time of employ- 
ment. Foreign born persons must present at time of application 
one of the following documents: Alien Registration Form 1-151, 
Refugee Status Form 1-94 or proof of naturalization. Residence 


in Dade County required within six months after employment. In . 


accordance with Florida State Law, Metropolitan Dade County 


will grant employment preference to qualified veterans. and’ 


spouses of veterdns. A copy of your DD214 form must be sub- 
mitted at time of application or resume submission. Metro-Dade 
County does not discriminate on the basis of handicap. 
EQUAL i ea M/F 
(NW294)A 


F 
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THE INTERNATIONAL CENTRE OF INSECT 
` PHYSIOLOGY AND ECOLOGY (ICIPE), 
P.O. BOX 30772, NAIROBI, KENYA 


DEPUTY DIRECTOR 
ADM/85/3 


The International Centre of Insect Physiology and 
Ecology (ICIPE) is an international institution 
headquartered in Nairobi, Kenya. It undertakes 
advanced research in insect science and pest 
management, and offers high-level training to insect 
scientists and technologists from Africa and other 
developing countries. It has 42 senior scientists, 16 
Postdoctoral Research Fellows, 24 Ph D. students, and 


' 18 funded by a consortium of donors comprising United 


Nations and international bodies, governmental aid 
agencies, and private foundations ; 


Applications are invited from highly qualified scientists 
and widely experienced research managers for the 
senior research management position of DEPUTY. 
DIRECTOR at the ICIPE. - ; 


The Deputy Director reports directly to the Director of 
the Centre, and in his absence, acts for him. He will, in 
addition, have overall responsibility for the, Research 
Division of the ICIPE, which includes the research 
programmes, research support units, the outreach and 
training unit, and technical support services (including 
field station facilities), and maintains close laison with 
supportive Divisions within the ICIPE (on 
Communication and Information, Administration and 
Finance). The successful candidate will be a person 
with a solid research background in insect science or 
pest: management or plant protection; he will have had 
considerable experience.in science policy matters and 
research management, and_he will be a successful 
internationalist able to work effectively in an African 
environment. A more detailed job description will be 
sent to qualified candidates. — 


The remuneration package will be competitive, and will 
reflect the vital importance of this position within the 
ICIPE. Applications, giving updated: curriculum vitae - 
and addresses of three referees should be addressed 
(in confidence) to: 


+ $ 


The Director 

ICIPE Research Centre 
P.O. Box 30772 
NAIROBI, Kenya. 


(W2238)A 





Membrane Biochemistry, to study 
the mechanism, structure, and re- 
gulation of the eukaryotic glucose 


transport system (see J. Biol, | 


Chem 260 4575, Nature 375 777, 
and Science 229 941}. For various 
aspects of this project familiarity 
with stopped-flow kinetics, pro- 
tein chemistry, and/ or monoclonal 
antibody methods ıs desirable. 
Please send curriculum vitae and 
names of references to Professor 
Gustav E. Lienhard, Department of 
Biochemistry, Dartmouth Medical 
School, Hanover, NH 03756. 
{NW302) . 





POSITION AS POST-DOCTORAL IMMUNOLOGY 
FELLOW, 


PhD or MD Division of Rheuma- 
tology/Immunology at the Univ. of 
New Mexico School of Medicine, 
Albuquerque, NM seeking individ- 
uals interested in autoimmunity, 


basic | immunologic control 
mechanisms,” NK cell, or cell- 
mediated immunity as applied to 
the rheumatic diseases. 


Available immediately US Citizens 
or permanent WS residents EOE. 
ere 
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CSIRO 


AUSTRALIA 
RESEARCH FELLOW 


(BIOCHEMISTRY) - 
$26,001-$38,243 


DIVISION OF PROTEIN CHEMISTRY 
PARKVILLE, VIC 


GENERAL. The Division, which has a staff of approximately 130, 
is located in Pérkville, Melbourne and is situated close to Mel- 
bourne University and several major research establishments 
which are engaged in related research. : 


The Division of Protein Chemistry carries out research on the 
structure, properties and biological activity of proteins and ap- 
plies this knowladge to aid (1) industries based on animal protein 
products, such as wool and hides and skins. (2) industries based 
on plant protein products, such as feedstuffs, and (3) industries 
based on bioteshnology processes such as vaccine production 
diagnostic probe development and industrial microbiology. / 


DUTIES: One of the Division's programs is concerned with the 
accumulation of basic knowledge in the histology and structure 
of the wool fibre to serve as a basis for improvements in wool 
technology. Fine Merino wool has a unique cellular structure with 
two chemically distinct types of cells encased in a thin cuticular 
layer. The appcintee will conduct research aimed at identifying 
the nature of tne differences in the protein composition and 
mode of assembly of the two distinct cellular types. This will 
involve working as part of a multidisciplinary team which has 
accumulated a considerable body of information on the nature, 
composition, sequence and three dimensional structure of the 
protein comporents of the Merino wool fibre. i 


QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
relevant field and demonstrated research ability. Applicants 
should possess a sound knowledge of protein chemistry and 
structure, and experience in fibrous proteins would be ad- 
vantageous. 


TENURE: A term of 3 years with Australian Government super- 
annuation bene‘its available. 


APPLICATIONS Stating relevant personal particulars, including 
details of qualtfisations and experience, the names of at least two 
professional referees and quoting reference No A2673, should be 
directed to: 


The Chief 

CSIRO Division of Protein Chemistry 

343 Royal Parada ae 
PARKVILLE VIC 3052 


By 4 weeks from date of publication 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W2225)A 


MCMASTER UNIVERSITY 


INSTITUTE OF MOLECULAR BIOLOGY AND 
BIOTECHNOLOGY 


McMaster University is seeking an outstanding scientist to direct a new 
Institute of Molecclar Biology and Biotechnology. The Director must have 
a strong research “ecord in molecular biology and be capable of develop- 
ing the Institute. The mandate of the Institute Is to carry out basic research 


with possible appl cations to targeted research in areas such as’ the mole- 
cular basis of dev2lopment or the genetic manipulation of the structure 
and function of biclogicallyl important molecules. 


McMaster University is located in Hamilton, Ontario. it has a strong tradit- 
1on of research in health, physical and applied sciences, and engineering. 


In accordance with Canadian immigration requirements, priority will be 
given to Canadian citizens and permanent residents of Canada. Applicat- 
tons should be sertto Dr RF Childs, Dean of Science, McMaster Univers- 
ity, Hamilton, Ontario, Canada L8S 4K1. (NW305) 
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Dalgety UK Limited 
Leicester Biocentre 


Molecular 
Biologist 


Research 


The Group Research Laboratory of Dalgety U.K. Limited 
requires a molecular biologist with a Ph.D. or relevant 
post-graduate experience to join a team working on an 


expanding programme of research on the application of - 
genetic engineering to commercial processes. The posi- 
tion will provide excellent scope for applying research 
skills in order to improve existing processes and to dev- 
elop new ones. 


The successful candidate, although employed by Dalgety 
U.K. Limited, will work initially at the Leicester Biocentre. 
He or she should be familiar with the techniques of recom- 
binant DNA technology and preferably have some exper- 
ience of cDNA cloning. 


Salary is negotiable depending on experience and quailifi- 
cations. 


Please write or telephone for an application form to: Miss 
A. Kelley, Dalgety U.K. Limited, Research & Technology 
Centre, Station Road, Cambridge CB1 2JN. Tel: Cam- 
bridge (0223) 359181. (7698)A 





RESEARCH ASSOCIATE/POST DOCTORAL 
FELLOW 


A position investigating the molecular and biochemical changes that occur 
in the sympathetic nervous system in response to acute and chronic 
activity is available in the laboratory of Dr P R Vulliet. Phosphorylation of 
key regulatory proteins will be examined as well as induction of new 
markerproteins. Methods to be utilized in this research will include 
molecular biological techniques, use of monoclonal antibodies, HPLC 
techniques, peptide mapping and sequencing, electrophoresis and 
autoradiography The opportunity to learn embryo transfer/genetic 
engineering techniques is also available. 

The selected individual will be joining a multi-disciplinary laboratory that 
is actively involved tn studying sympathetic nervous system function at 
the molecular level. The salary 1s approximately $18,000/yr and ıs available 
immediately. Curriculum vitae and the names of three references should 
be sent to box (NW306) c/o Nature, 65 Bleecker Street, New York NY10012 
as soon as possible. (NW306)A 


ANATOMY HEAD 


UNIVERSITY OF ARIZONA 
COLLEGE OF MEDICINE 


Nominations and applications are invited for the position of Head of the 
Department of Anatomy, College of Medicine, The University of Arizona 
Health Sciences Center. The Head will be responsible for continued de- 
velopment of ongoing research programs in cell biology, reproductive 
biology, endocrinology, and neurobiology, and will provide leadership in 
medical and graduate education programs Candidates in all pertinent 
research areas will be considered, but demonstrated strength in cell or 
developmental biology is especially desired 


Applications and nominations should include a complete curriculum vitae 
and bibilography, plus the names of at least three references Nominations 
or applications will be accepted up to November 15, 1985 or until the 


_ position ts filled. Address correspondence to: Thomas F. Burks, Ph.D., 


Chairman Anatomy Head Search Committee, Department of Pharma- 
cology, College of Medicine, The University of Arizona Health Sciences 
Center, Tucson, Arizona 85724, Equal Employment Opportunity/Affirm- 
ative Action Employer. (NW296)A 
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(W2220)A 


MOLECULAR 
BIOLOGIST 


to work on fundamental aspects of real SCRAPIE research involv- : 
ing nucleic acids. `. ; 
Qualifications: good science degree and PhD in biochemistry o 
molecular microbiology, with considerable experience in charac- 
terising nucleic acids. 3-year appointment in the HSO range 
£7,788 - £10,541. ' 
Apply with full CV naming 2 referees to: Secretary, AFRC ? MRC 
Neuropathogenesis Unit, West Mains Road, Edinburgh EH9 3JF. 
mae Ng (7674)A 
















t ~ 


















IMPERIAL CANCER RESEARCH FUND 


CELL BIOLOGIST 


There is a vacancy for a Scientist-within the broad discipline of 
cel! biology in the Fund’s laboratories at Lincoln’s Inn Fields. This 
is a 5-year appointment with the possibility of transfer to the 
permanent staff. Applicants of senior post-doctoral status will be 
expected to propose an independent research programme within 
the above discipline. Salary range £13,040 to £16,290. For further 
information write or telephone: 
Ms S. M. Hurley 
imperial Cancer Research Fund 
Lincoln’s Inn Fields 
London WC2A 3PX on 01-242 0200 
ext 305 

Please quote reference 122/85 

i É (7617)A . 





Merci d'adresser lettre manuscrite avec C.V. et 
photo sous réf, 9010/N à PUBLIVAL 
27 Route des Gardes 92190 MEUDON qui tr. 





JOHN INNES INSTITUTE 
RESEARCH OFFICER 


ipost 1) - 
and 


ASSISTANT 
(post 2) 


DEPARTMENT OF APPLIED GENETICS 


required to assess the genetic and environmental! factors govern- 

ing the protein content of dried peas with a view to developing, 
high protein lines. The proposed research forms part of a collab- 

orative project with the Food Research Institute (Norwich). 


The project is funded by May and Baker Agrochemicals. Initially it 
will be for a period of three years with the possibility of subse- 
quent employment by the company. a 


_ Applicants for post 1 should have a‘first or upper second class 
honours degree in plant science with an, interest in genetics and 
or plant physiology. At least two years relevant post-qualifying 
experience, ideally a PhD is required. Applicants for post 2 should 
have a minimum of 2‘A‘ levels (one of which should be in chemis- 
try) but preference will be given to those with a degree or equiva- 
lent in chemistry and an interest in analytical techniques. 


Salary will be in the scale £7,788 - £10,541 (post 1) and £4,954 - 
£8,561 (post 2). Starting salary depending on qualifications and 
experience. Non-contributory superannuation. 


Applications, quoting reference AG/205 (post 1), AG/206 (post 
2), with a full cv and the names of two referees, should be sent to 
the Personnel Officer, John Innes Institute, Colney Lane, 
Norwich, NR4 7UH, not later than 31 October 1985. 

‘ i (7680})A 
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Gesellschaft fur 


Biotechnologische 


Forschung mbH 


Mascheroder Weg 1 


D-3300 Braunschweig-Stéchheim 


Telefon 05 31/6181-523 


The GBF is one of Germany’s 13 large scale research centres (Grofsforschungseinrichtungen} having some 400 
personnel, and being financed by federal and state government (Lower Saxony}. 


For a BMFT (Federal Ministry for Research and: Technology) supported project. 


with following subdivisions. 


Protein Design 


— Protein structure analysis and computer-modelling 

— Modification of the substrate specificity of protease inhibitors 
— Improvement of industrially relevant biocatalysts 

— Post-translational protein modification and biological activity 
— Analysis and modification of binding- and activations-sites of growth factors 


We are looking for several 


SCIENTISTS and DOCTORAL STUDENTS 


who are qualifted in the areas of protein crystallography, development of computer software (graphics, gene 
technology, protein chemistry, cell biology or enzyme technology. 


The positions are initially for two years (prolongation possible). The project commences on 1st October 1985. 
Question can be directed to Dr. Helmut Blocker, 0531/6181-220 Salaries are set according to the BAT system 
(civil service}. Social benefits are regulated as 1s usual for civil service contracts. 


Application, including two references, should be sent as soon as possible to; 


GBF -. Geselischaft far Biotechnologische Forschung mbH, Personalabteilung, Mascheroder Weg 1, D-3300 


Braunschweig, W-Germany 


The University College 
of Wales, Aberystwyth 
LECTURER 
IN PHYSICAL GEOGRAPHY 

Applications are invited for the above 
post which artses as a result of the ap- 
pointment of Professor D Q Bowen to 
the Headship of the Department of Geo- 
graphy at Bedford New College tn the 
University of London. Applicants should 
have a research interest in Quaternary 
Geomorphology Salary on the Scale for 
Lecturers £7,520 to £14,925 per annum 
initial appointment wili be made within 
the range £7,520 to £9,860 per annum 
Further particulars and application 
forms can be obtained from the Staffing 
Officer, The University College of Wales, 
Old College, King Street, Aberystwyth, 
SY23 2AX (Tel 0970 3177, Ext 207) 
Closing date for applications Friday, 11 
October 1985 (7661)A 





Memorial Sloan-Kettering 
Cancer Center 


Post-Doctoral Position 
oncogene biology 


A post-doctoral fellowship is avail- : 


able by late 1985 to join work 
on the expression of cellular 
oncogenes in radiation-induced 
leukemias of inbred mice. Retro- 
virus-independent transpositions 
of specific cellular sequences will 
be analyzed. 


A background ın nucleic acid clon- 
ing and sequencing is desirable 


Send applications to 
Erwin Fleissner, Ph.D., 
Memorial Sloan-Kettering 
Cancer Centre, 
1275 York Avenue, 
New York, NY 10027. 
(NW2839)A 





UNIVERSITY OF UPPSALA 


Sweden 
Department of Human Anatomy 


ASSOCIATE PROFESSOR IN 
MEDICAL 
ULTRASTRUCTURE 
RESEARCH 


The post is associated with the dev- 
elopment and application of ultra- 
structural techniques with the aim to 
increase our understanding of the 
function of normal human ceils, 
tissues, and organs. The position 1s 
affilrated to the Electron Microscop 
Laboratory at the Uppsala Biomed- 
tcal Centre, which 1s a multifacultat- 
ory building housing approx 30 lfe 
sciences departments. The laborat- 
ory 1s PAPE with, amoung other 
things, 2 scanning electron micro- 
scopes with EDX and image analysis 
facilities, 4 transmission electron 
microscopes, one being Philips 400 
STEM with field emission gun and 
EDX analyser. Further, there are 
freeze etching instruments, several 
ultamicrotomes and more various 
additional equipment 


This is a permanent post, salary on 
the scale about 180.000 -— 220.000 
SEK : 


Informal inquiries may be made to 
Professor Ove Nilsson, Department 
of Human Anatomy, Biomedical 
Centre, Box 571, S-571 23 Uppsala, 
Sweden, tel +46 18 174450 


Application form and further part- 
iculars may be obtained from the 
Registrar, Uppsala University, Box 
256, S-751 05 Uppsala, Sweden, +46 
18 155400 The closing date for appli- 
cations is about end of September 
1985 (W2233)A 


(W2231)A 





MASSEY UNIVERSITY 


PALMERSTON NORTH, 
NEW ZEALAND 


LECTURESHIPS IN 
HORTICULTURAL PLANT 
SCIENCE 


Applications are invited for two 
Lectureships in Horticultural Plant 
Science, 1n the Department of Horti- 
culture and Plant Health, from 
persons with postgraduate qualtfica- 
tions in plant science Applicants 
should have a sound general know- 
ledge of plant science, including 
plant form and function, ecology and 
taxonomy A specialist interest ın 
either environmental influences on 
horticultural crop physiology, 
management, and production, or in 
post-harvest physiology would be 
preferred Although teaching will 
mainly be to horticultural under- 
graduate degree students, some 
supervision of postgraduate course 
work and research will be expected 


Excellent opportunities exist for 
interaction with plant scientists, both 
on Campus and ın closely associated 
research organisations 


Lecturers’ salaries range from 
NZ$23,622 to $27,928 and are cur- 
rently under review, the level of 
appointment will depend upon quali- 
fications and experience. 


Further details may be obtained 
from the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF, or 
from the Registrar of the Uni- 


versity with whom — applicat- 
ions close 31 October 1985 
(W2234)A 
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THE UNIVERSITY OF 
ADELAIDE 


invites applications from both me» 
and women for the following twe 
positions of: 


RESEARCH ASSOCIATE 


(Ref. 4382: 4383) in the Departmen 
of Agricultural Biochemistry © 
Animal Sciences at the Waite Agri 
cultural Research Institute. 


A microbiologist and a molecula 
biologist are required to work i» 
close collaboration within both De 
partments on a project aimed to ım 
prove nitrogen utilization in sheep 
The project involves the use of re 
combinant DNA methods to ma 
nipulate rumen bacteria 


The microbiologist will be in 
volved in the isolation and character 
isation of rumen bacteria and ın th 
development of transformation pro 
cedures of the bacteria. Experience 
in the handling of obligate anaeroby 
bacteria is essential Some know 
ledge of recombinant DNA method: 
would be an advantage. 


The molecular brologist will be ex 
pected to help in the isolation anc 
expression of genes involved u 
nitrogen metabolism and in the con 
struction and expression of gene: 
coding for proteins of high nu 
tritional quality A background in re 
combinant DNA methods ıs essen 
tial. 


Applicants should hold the degre 
of Ph D 


The positions are funded by the 
Australian Wool Corporation fo» 
one year initially with possible exten- 
sion for up to three years The pos 
itions are available immediately 


Further information concerning 
the duties may be obtained from Di 
P. Langridge, Department of Agri- 
cultural Biochemistry, tel: (08) 372 
2368 or Dr J Brooker, Departmens 
of Animal Sciences, tel. (08) 372 
2391: 


Information about the generał 
conditions of appointments may be 
obtained from the Senior Assistant 
Registrar (Personnel) at the 
University 


Salary per annum: $A22,614 x 5 
— $A25,905 


Applications, in duplicate, quot- 
ing reference numbers 4382, 4383. 
and giving full personal particulars 
(including whether candidates hold 
Australian permanent residency 
status), details of academic qualifica- 
tions and names and addresses of 
three referees, should reach the 
Senior Assistant Registrar (Per- 
sonnel) at the Umversity of 


_Adelaide, GPO Box 498, Adelaide. 


South Australa 5001 (telex 
UNIVAD AA89141) not later than 
21 October 1985. . 


The University reserves the right 
to make enquines of any person re- 
garding any candidate’s suitabihty 
for appointment, not to make an ap- 
pointment or to appoint by invita- 
tion. (W222T)A 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 


“Applications are invited from 
uitably qualified men and 
vomen for appointment to the 
ollowing positron’ 

Research School of Physical Sciences 


DEPARTMENT OF 
THEORETICAL PHYSICS 
POSTDOCTORAL FELLOW 
GRADE 1/RESEARCH 
FELLOW 


che Department, presently under 
*rofessors KJ Le Couteur, FAA, 
ind RJ Baxter, FAA, FRS, ts eng- 
ged m research into theoretical 
spects of nuclear physics, elemen- 
ary particles and field theory, statis- 
ical mechanics, transport processes, 
olid state physics and plasmas. 
Chese fields of endeavour have in 
‘ommon many analytical methods so 
hat collaboration between individ- 
ial members of the academic staff of 
he department ıs widespread. 

Closing-date- 15 October 1985 
tef. PS 30 8 1 


Conditions of appointment. 
salary will be in accordance 
vith qualifications and experience 
vithin the range Postdoctoral 
*ellow Grade 1 $A22,614-$25.905 
ya, Research Fellow $A26,236— 
34,467 pa, current exchange rate’ 
Al = UK49p Appointment will 
ve’ Research Fellow normally up to 
hree years with the possibility of 
xtension to maximum of five years, 
2ostdoctoral Fellow normally two 
fears, with the possibility of exten- 
ion to maximum of three years. 
grants are provided towards travel 
«and removal. Assistance towards 
1ousIng is given to an appointee 
rom outside Canberra Eligible 
appointees will be required to join 
he Superannuation Scheme for 
Australian Universities Maternity 
eave is available. The University 
eserves the right not to make an 
“appointment or to make an appoint- 
nent by invitation at any time 





Applicants should quote the 
advertisement reference when req- 
resting further particulars and when 
tubmitting = applications. which 
should be forwarded to the Acting 
Xegistrar of the University, GPO 
30x 4, Canberra, ACT 2601, Aust- 
alia. Further particulars also avail- 
ible from the Secretary General, 
Association of Commonwealth Uni- 
‘ersity (Appts), 36 Gordon Square, 
-ondon WC1H OPF 


The University 1s an equal 
xpportumityemployer (W2235)A 


ELECTROPHYSIOLOGIST- 
NEUROSCIENTIST 


>xperienced in iw vivo and m vitro 
.echniques (intracellular) in mam- 
nalian CNS for studies on neuro- 
nology and pharmacology of brain- 
stem autonomic neurons Post Doc/ 
WResearch Assoc/Jumor Staff level 
Contact’ Dr Donald Reis, Labora- 
ory of Neurobiology, Cornell 
University Medical College, 1300 
York Avenue. New York, NY 
10021 


Cornell ıs an EOE/AA employer 
(NW288)A 


THE UNIVERSITY 
OF MELBOURNE 


LECTURESHIP 
(LIMITED TENURE) 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for a Lect- 
ureship (Limited Tenure) in Buo- 
chemistry It 1s anticipated that the 
successful candidate would hold a 
PhD and preferably have had some 
postdoctoral experience The 
appointee will be required to 
conduct origmal research within 
an existing research group in 
the Department, and to partı- 
cipate in teaching at the under- 
graduate and postgraduate level. 
A wide range of modern research 
equipment is available ın the 
Department 


The appointment should com- 
mence on 2nd January 1986 or as 
soon as possible thereafter The 
appointment ıs for two years 


Salary in the range $A26.236 to 
$34,467 per annum 


Information on research and 
teaching in the Department may be 
obtained from the Chairman, Dr W 
H Sawyer, telephone (03) 344 5907 


Further printed information, 
regarding details of application pro- 
cedure and conditions of appoint- 
ment ıs available from the Appoint- 
ments Officer (Academic). of the 
University. or from the Secretary 


_ General, Association of Common- 


wealth Universities (Appts), 36 
eee Square, London WCIH 
PF 


Applications, in duplicate, includ- 
ing names and addresses of at least 
three referees and quoting position 
number 521 0130. should be addres- 
sed to the Staff Officer. University of 
Melbourne, Parkville. Victoria 
3052, Australia, and close on 4 
November 1985. 


Equal opportunity in employment 
is the policy of the University of 
Melbourne Selection is based on 
merit and all applications will be 
assessed regardless of sex, race, 
ethnicity or disability 


Applications from both men and 
women are invited for all vacancies 
(W2236)A 


UNIVERSITY OF GENEVA 


FACULTY OF SCIENCES 
AND FACULTY OF HUMANITIES 


PROFESSOR OF HISTORY 
AND PHILOSOPHY 
OF SCIENCE 


Full-time appointment The success- 
ful candidate should have a Ph D 

He is expected to teach at under- 
graduate and graduate levels and to 
create and lead a research group 

Teaching in French ts required but a 
one year period of adjustment can be 
granted Position available October 
1, 1986, negotiable 


Applications should be sent by 
November 30, 1985 to the Secré- 
tarat de la Faculté des Sciences, 
Université de Genéve, 20 qual 
Ernest Ansermet, CH-1211 Geneva 
4, Switzerland, where inquiries also 
can be sent (W2222)A 


| 
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CSIRO 


~ AUSTRALIA 
CELL BIOLOGIST 


(Two Positions) 
$26,001-$38,243 
DIVISION OF MOLECULAR BIOLOGY 
NORTH RYDE 


CSIRO conducts scientific and technological research in labora- 
tories located throughout Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists The Or- 
ganization’s research activities are grouped into five Institutes: >- 
Animal and Food Sciences, Biological Resources, Energy and 
Earth Resources, Industrial Technology and Physical Sciences. 
The CSIRO Division of Molecular Biology is a member of the 
Institute of Animal and Food Sciences 


GENERAL: The Division of Molecular Biology conducts scientific 
research in molecular genetics and cell biology It has a staff of 
approximately 100. Programs are divided into. Tissue Growth 
and Development, DNA Maintenance and Modification and Gene 
Technology. It is situated in Sydney, at North Ryde, close to 
Macquarie University and major biotechnology companies. 


Current studies in the Mammalian tissue growth and develop- 
ment program include the role of extracellular matrix In control- 
ling endothelial cell migration, adhesion and organization into 
three-dimensional structures. the development of monoclonal 
antibodies to cell surface components and as diagnostic aids. 
and the properties of angiogenic and neurotrophic growth 
factors. 


DUTIES Develop and conduct research within the tissue growth 
and development program in collaboration with other divisional 
staff. This has a long term aim towards an understanding of cell 
functions controlling tissue assembly, organogenesis and the 
molecular biology of pattern formation. 


QUALFICIATIONS: APh D degree or equivalent qualifications tn 
some aspect of animal cell biology with an interest in developing 
a research project on the interaction of tissue growth hormones, 
matrix components, cell surface components on cell adhesion 
assembly and in the molecular biology of these processes. 


TENURE One position is available on an indefinite basis and the 
other is available for a term of 3—5 years. Australian Government 
Superannuation benefits are available for both. 


APPLICATIONS: Stating relevant personal particulars, including 
details of qualifications and experience, the names of at least two 
professional referees and quoting reference No. A0492/A0523, 
should be directed to 


The Chief 

CSIRO Division of Molecular Biology 
PO Box 184 

NORTH RYDE NSW 2113 


by 4 weeks from date of 
publication 


Applicants should indicate tf they wish to be considered for both 
positions or for one only. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W2226) 


\ 


Please mention 


nature 


when replying to these advertisements 
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CLINICAL RESEARCH SCIENTIST 
BASLE 


A unique career opportunity has arisen within Hoffmann la Roche 
for an experienced scientist to join the Clinical Research depart- 
ment of this major international company. 


This opening will enable the successful candidate to gain val- 
uable international experience through the preparation of data 
from a broad range of medical disciplines, synthesising them into 
English Language documentation for submission to inter-natio- 


nal regulatory authorities. 


The successful candidate will already have sound research exp- 
enience, an extensive publication record and the ability to critic- 
ally review and explain complex technical data 


Applications are invited from scientists educated to PhD levelina 
Biomedical discipline or equivalent A knowledge of German plus 
other European languages (including English which is an essent- 
ial job requirement}, would be advantageous. ~ 


An attractive commencing salary and relocation assistance will 
be offered, which recognises the specialist qualifications and 
experience required for this key role. 


Interested candidates should apply in the first instance to D. N. 


Wilmshurst 


Resourcing & Development Manager 
Roche Products Limited 


P O Box 8 


Welwyn Garden City 


Herts 
AL7 3AY 


enclosing full career details including salary progression, 








UNIVERSITY COLLEGE 
DUBLIN 
CHEMISTRY DEPARTMENT 


N.M.R. SPECTROSCOPY 
CENTRE 
Temporary Assignment 


Applications are invited for the post 
of Coordinator of the above unit. 
This Centre will be an essential part 
of the Chemical Services Unit estab- 
lished by the Chemistry Depart- 
ment, UCD with the aim of assistin 
Irish industry, especially with R 
D. Instrumentation will comprise a 
JEOL GX270 SCM 900 multinuclear 
spectrometer linked to a data sys- 
tem 


The Coordinator will be respon- 
sible for the running of the Centre 
including analysis of spectra and 
should have wide experience in 
N.M.R. spectroscopy Salary will in 
the range IR£11,500—IR£13,000. 
The post will be for a one year period 
commencing on October 1st, 1985 or 
as soon as possible thereafter 


Applications giving a brief cur- 
riculum vitae and names and ad- 
dresses of two referees should be 
sent, as soon as possible, to Profes- 
sor D A Brown, Department of 
Chemistry, University College, 
Belfield, Dublin 4, (7652)A 


UNIVERSITY OF 
EDINBURGH 
TECHNICIAN 


required for the DEPARTMENT 
OF GENETICS, West Mains Road 
for an experienced person to take 
part ın studies on genetically 
abnormal cell differentiation Pre- 
ference will be given to a candidate 
with experience in the use of recom- 
binant probes or biochemical tech- 
niques and cell culture. Candidates 
should hold a minimum qualification 
of SCOTEC Higher Certificate or 
equivalent 


Salary on scale £6,778 — £7,914 
(under review) The post is grant 
supported until 30 September 1987 
and will be available from 1 October 
1985. 


All applicants should include the 
names and addresses of two referees. 
REF NT600. 


Further particulars, where 
available, and application forms may 
be obtained from the Personnel 
Office, University of Edinburgh, 63 
South Bridge, Edinburgh EH1 1LS 
TEL: 031-556-2930 (24 hour 
answering service). (7657)A 


UNIVERSITY 
OF EDINBURGH 
HUMAN GENETICS UNIT 


MOLECULAR BIOLOGIST 
(Readvertisement) 


A post-doctoral or graduate research 
assistant 1s needed to establish, and 
manage a molecular genetics labora- 
tory for the East of Scotland The 
objective will be to obtain newly 
developed DNA probes and to de- 
monstrate their usefulness in pre- 
natal diagnosis and carrier detection 
of human genetic diseases. The 
Human Genetics Unit ts associated 
with the MRC Clinical and Popula- 
tion Cytogenetics Unit, and there 
will be opportunity for orginal 
research in association with the latter 
Unit’s molecular biology group. 
Expertence in standard DNA tech- 
niques is essential, as 1s some know- 
ledge of the use of linkage ın diag- 
nosis of genetic disorders 


The post is funded by a grant from 
the Scottish Home and Health De- 
partment, running to April 1988 im 
the first instance. 


Salary within the range of 
£7,746—£9,188 (LA) or £6,798— 
£9,188 (1B) depending on age and 
experience 


Please apply to: Dr D. J H. 
Brock, Human Genetics Unit, 
Western General Hospital, 
Edinburgh EH4 2XU, enclosing a 
curriculum vitae and the names and 
addresses of two referees. Informal 
enquiries may be made to Dr Brock 
(Tel 031 332 7916) Please quote 
reference no. 5273 (7651)A 


UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF GEOLOGY 


LECTURESHIP 
IN SEDIMENTOLOGY 


Apphcations are invited for the 
above post. It involves broad 
teaching duties in the context of 
Geology degree schemes, but carries 
special responsibility for courses in 
sedimentology The successful 
candidate will be expected to 
develop departmental facilities and 
research activities ın sedimentology 


and contribute to long term 
departmental interests in 
sedimentary basin analysis 

Preference will be given to 
applicants who have a strong 
research interest ın clastic 


sedimentology The appointment 
will be made at or near the lower end 
of the lectureship scale. The scale ts 
£7 ,520-—£14,925 per annum’ (under 
review). Duties to commence 1 
January 1986 or as soon as possible 
thereafter. 


Applications (two copies). 
together with the names and 
addresses of two referees, should be 
forwarded to the Vice-Principal 
(Administration) and Registrar. 
University College. PO Box 78. 
Cardiff CF1 1XL, from who further 
particulars may be obtained. Closing 
date. 11 October 1985. Ref: 3007. 


Detalls of the Geology 
Department may be obtained from 
the Head of Department. Professor 
M. Brooks, who will be pleased to 
answer personal enquiries 

(7660)A 


LINCOLN COLLEGE 
(UNIVERSITY COLLEGE 
OF AGRICULTURE) 
New Zealand 


LECTURER 
IN ANIMAL SCIENCE 
(ANIMAL BREEDING) 


Applications are invited for the po 
ition of Lecturer in the Anim: 
Sciences Group at Lincoln Colleg 
The appointee will have teachir 
duties at diploma, undergraduate 
and postgraduate levels, and w 
contribute to the teaching of anim? 
breeding and genetics with regard t 
ruminant and other species Appl 
cants should possess a degree 1 
Agricultural Science and have pos' 
graduate experience in Anim: 
Genetics and a sound working know 
ledge of modern applied anim: 
breeding methods. A knowledge 
livestock 1s essential. 


Commencing salary will be at 
step commensurate with qualifica 
tions and experience within th 
range NZ$23,622—NZ$27,928 pe 
annum. In the case of a candidate 
exceptional merit an appointmer 
may be made within the Senior Lec 
turer range which is NZ$29,430~ 
NZ$37,240 Salaries ar 
currently under review. Travel ans 
removal expenses are reimbursed u, 
to specified limits. Governmenm 
Superannuation ts available. 


Conditions of Appointment com 
taining further details of this positior 
are available from the Secretar 
General, Association of Common 
wealth. Universities (Appts), 3 
Gordon Square, London WCIF 
OPF; or from the Registrar, Lincolr 
College, Canterbury, New Zealand 
with whom applications close on 2: 
October 1985 Please quote Vacanc’ 
No 85/63 (W2228)A 





t 


UNIVERSITY OF LONDON 
(King’s College London) 
DEPARTMENT OF BIOPHYSICS 


LECTURER IN BIOPHYSICS 
Candidates should have a 
established reputation ın the 


determination of the structure o. 
biological macromolecules using X 


ray diffraction (proteir 
crystallography or small angle 
scattering) or high  resolutior 


electron microscopy Preference 
would be given to candidates witt 
interests that are related to those ot 
the Department and the associatec 
MRC Cell Biophysics Unit. 


Salary will be within the range 
£7,520 — 14,925 per annum (under 
review) plus £1,233 per annum 
London Allowance. Universities 
Superannuation Scheme 
contributions are payable 


Further particulars anc 
application forms can be obtainec 
from Mr S P Harrow, Assistan® 
Secretary (Personnel), King’s 
College London, Strand, Londom 
WC2R 2LS (tel 01 836 5454 Ext 
2689). Applications should be 
submitted, with the names of not 
fewer than two referees, not later 
than 14 October 1985. (7678)A_ 
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‘CAMBRIDGE 
HEALTH AUTHORITY 


ADDENBROOKE’S HOSPITAL 
Hills Road, Cambridge CB22QQ 


DEPARTMENT 
OF CLINICAL BIOCHEMISTRY 


RESEARCH SCIENTISTS 
Two Research 
and Development Posts 


The projects involve the develop- 
«ment of novel immunoassay tech- 
niques ee A) and enzyme 
«mediated drug assays (Project B) 
and would be for a duration of two 
years and three years respectively 


The posts would suit scientists who 
have recently completed a relevant 
subject and who wish to gain some 
experience in a clinical biochemistry 
laboratory. Fixed term contracts of 
employment will be offered on a 
salary scale equivalent to the ‘Basic 
Grade Biochemust (£6,559—£8,311) 
or Senior Grade Biochemist scale 
(£9,415—£12,173) according to 


experience. 

Application forms: Personnel 
Department, Cambridge, 245151 
ext. 7511. 


Further information contact: Dr 
C. P. Price: ext 7159. Closing date 1 
October 1985. 

(7648)A 


JAMES COOK UNIVERSITY 
OF NORTH QUEENSLAND 
Townsville, Australia 


LECTURER 
- IN BIOCHEMISTRY 


Applications are invited from can- 
didates from any area of Bio- 
chemistry for appointment to the 
permanent position of Lecturer in 
the Department of Chemistry and 
Biochemistry. Applicants must have 
postdoctoral experience. Experi- 
ence in the fields of molecular bio- 
logy or microbial biochemistry 


_ October 1985. 
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AGRICULTURAL AND FOOD RESEARCH COUNCIL (AFRC) | 


DIRECTOR 


OF HORTICULTURAL RESEARCH 


Applications are invited for the new 
post of Director of Horticultural Research 

The person appointed will be directly 
responsible to the Secretary to the 
AFRC for the work of the constituent « 
parts of the proposed strategic centre for 
horticultural research which will be 
formed from the East Malling Research ` 
Station, the Glasshouse Crops Research 
Institute (Littlehampton), the National 
Vegetable Research Station 
(Wellesbourne) and the Hops Research 
Department of Wye College, Kent 

The post will be based initially at one 


$,27,551-£29,084 


research. 


Expenses 





science or a related underpinning 
science, with a distinguished record in 
research and experience.at a senior 
level in the management of scientific 


Non-contributory pension scheme ~ 


The successful applicant will be 
considered for assistance with removal 


Further particulars and application 
forms can be obtained from John 
Pettinger (Tel. No. 01 580 6655 
Ext. 244) Closing Date: 18 October 


of these centres 1985. 
Candidates should be highly The AFRC ts an Equal 
qualified in horticultural ~- Opportunity Employer 
(7691 JA 


MMMM 





would be an advantage Courses 
leading to a Biochemistry major 
within a BSc degree program are 


offered by the Department. 


Salary range for the position is 
$A26,236—-$A34,467 per annum. 
Commencing salary will be deter- 
mined in accordance with qualifica- 


. tions and experience 


Further particulars and applica- 
tion forms available from the Sec- 
retary General,, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1 OPF. Applications close on 25 
(W2229)A 


INSTITUTE OF 
OBSTETRICS AND 
GYNAECOLOGY 
Qucen Charlotte's Maternity Hospital 


SCIENCE GRADUATE 


The Karim Centre for Meningitis 
Research has been established at 
Queen Charlotte’s Hospital We are 
seeking a highly motivated biological 
science graduate with postgraduate 
experience in HPLC This is a key 
position as part of a multidisciplinary 
team investigating the diagnosis and 
treatment of meningitis in which you 


will be expected to take responsibi- 
lity and initiative for your own work 


The appointment is for two years 
with the possibility of renewal and 


‘commencing as soon as possible 


Salary £6,813-— £7,807 + £1,084 LW 
depending on experience 


Applications including curriculum 
vitae and two professional referees 
to Dr D R Harvey. Senor Lecturer 
in Paediatrics, Institute of Obstetrics 
and Gynaecology. Queen Charlot- 
te’s Maternity Hospital, London W6 
OXG (7664)A 


THE ANIMAL VIRUS RESEARCH INSTITUTE 
TWO POSTDOCTORAL POSITIONS 


Applications are invited for two posts at postdoctoral level to 
study the molecular and antigenic nature of rinderpest virus, a 
negative-strand RNA virus closely related to measles virus Virus 
- isolates will be analysed using monoclonal antibodies and gene- 
tic engineering techniques, from which the antigenic and ge- 
nomic structure of the virus will be determined and olata tothe 
epidemiology of the disease and the design of novel vaccines. 
The posts are funded by the Wellcome Trust for 3 years. Can- 
didates should have experience either in molecular biology or the 
production and use of monoclonal antibodies. Experience in 
virology would also be an advantage. 


The salary for each post will be in the scale of £7,788—£10,541 


(Higher Scientific Officer grade}. Sick leave and non-contributory ' 


superannuation scheme, 22 days annual leave. Accommodation 
may be avara BIG; ; ' 
% 


Application to include a curriculum vitae 
and the names of two referees should be 
sent by Monday.7 October 1985, to The 
Secretary, The Animal Virus Research in- 


stitute, Ash Road, Pirbright, Woking, 
Surrey, GU24 ONF. Tel 0483 232441. 
(7667)A 








nature 


the international journal of science seeks a science journa- 

list to work as a general repane! in the London office of 

Nature. 

Essential qualifications: 

@ University or equivalent science education, ideally 
with research experience. 

@ Evidence of literacy in English, preferably ¿ as pubiene’ 
work. 

Previous experience of journalism not essential. 

Applications with full curriculum vitae by 15 October 1985 

to the Editor, Nature, 4 Little Essex Street, London WC2R 

SLF: 





(7685)A 


Classified {2 


NATURE VOL 317 19 SEPTEMBER 19 





WESLEYAN UNIVERSITY 
ASSISTANT PROFESSORS 
DEPARTMENT OF MoLecuLar BioLoGy AND BIOCHEMISTRY 


newly formed Department of Molecular and Biochemistry has two tenure- 
track openings at the assistant professor levei We expect to make a third 
appointment tn the near future. Research excellence will be the prime 
consideration and can-didates must have a minimum of 2 years of relevant 
postdoctoral experience We are searching for 

(1) a molecular geneticist using recombinant DNA techniques to study 
genome organization, de-velopment, cell transformation, gene regulation 


or immuno-genetics 


{u} A quantitatively onented biochemist using recombinant DNA methods 
to study structure-function relationships in macromolecules Research 
areas or methods of particular interest include protein-nucleic acid inter- 
actions, macromolecular structure, quantitative foot-printing, and site- 
directed mutagenesis. Candidates for both positions will be expected to 
Initiate vigorous programs meriting support by federal agencies and to 
participate tn an active Ph D, training program Excellence in teaching at 
both the graduate and undergraduate levels is expected. 
Please forward an application, including curriculum vitae, three referen- 
ces, and a detailed research plan to Search Committee, De-partment of 
Molecular Biology and Biochemistry, Wesleyan Univer-sity, Middletown, 
Connecticut 06457, indicating the position in which you are interested 
Wesleyan University is an Equal Opportunity/Affirmative Action 
Employer We encourage applications from minority candidates and 


women 


UNIVERSITY OF 
CAMBRIDGE 


Department of Physical Chemistry 


Applications are mvited from 
physical scientists to jom a small 
group under Dr J A Pyle studying 
photochemical, radiation and 
dynamical problems ın the 
stratosphere and mesosphere using 
numerical models and satellite data 
sets. Some experience of 
atmospheric modelling and/or data 
analysis would be preferable. The 
post 1s available from 1 January 1986 
for a period of two years Salary, 
depending on age and experience, 
will be on the 1A scale areny 
£7 ,980 -—- £10,330 pa). 


Applications, including a 
curriculum vitae and the names of 
two referees, should be sent to Dr J 
A Pyle, Department of Physical 
Chemistry, University of 
Cambridge, Lensfield Rd, 
Cambridge CB2 1EP to arrive by 4 
October 1985 (7689)A 


1986-87 High Altitude Observatory 
scientific visitor research appoint- 
ments are available for up to one 
year ın solar-terrestrial physics 
(including ionospheric physics and 
aeronomy}, and related astro- 
physics Due by January 15, 1986 
are 1) a statement of proposed 
research at HAO, 2) a curriculum 
vitae; 3) a hst of publications, 4} 
recommendation letters from three 
scientists familiar with applicant’s 
work, and 5) transcripts of gradu- 
ate courses and an abstract of Ph.D. 
thesis if applicant has less than two 
years post-Ph.D experience. 
Send applications to: HAO Visitor 
Committee, High Altitude Observ- 
atory, National Center for Atmos- 
i pheric Research, P.O. Box 3000, 
Boulder, Colorado 80307-3000. 
NCAR is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW246)A 


(NW300)A 





UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


RESEARCH ASSISTANT 


A post-doctoral or post-graduate 
Research Assistant ts required for a 
one year project to work on pure and 
applied aspects of the interactions 
between fungal cells and heavy 
metals. Applications from candi- 
dates with a background in bio- 
chemistry or microbiology and 
related experience will be particu- 
larly welcome. Informal enquiries 
may be made to Dr G M Gadd (0382 
23181 ext. 4266) Appointment wll 
be within the range £6,600 — £8,920 
dependent on qualifications and ex- 
perience 


Applications including a full cur- 
riculum vitae and the names of two 
referees should be sent to the Per- 
sonnel Office, The University, Dun- 
dee, DD1 4HN by 3rd October 1985 
Please quote Ref EST/89/85J 

(7693)A 


POSTDOCTORAL RESEARCH 
OPPORTUNITIES 


Postdoctoral openings are avall- 
able in the following areas: 


(1) Development and applica- 
tions of ultra-high (0 01 Hz) 
resolution carbon-13 NMR, 

(ii) NMR studies of glycopro- 
teins, glycopeptides, oligo- 
saccharides, and polysacch- 
arides, and 

(ni) NMR studies of nonenzym- 
atic “in vivo” reactions pert- 
inent to diabetes and aging 


Send curriculum vitae and 
names of at least three refer- 
ences to 

Professor Adam Allerhand, 
Department of Chemistry, 
Indiana University, 
Bloomington, IN 47405. 


Indiana University is an Equal 
Opportunity / Affirmative 
Action Employer 

(NW291)A 





UNIVERSITY 
OF ST ANDREWS 


Department of Biochenustry 
& Microbtology 


Applications are invited for a post of 
RESEARCH ASSISTANT 1B 


from graduates m Biochemistry. 
Chemistry or Microbiology. The po- 
sition 1s tunded by the SERC for 3 
years and is for an investigation mto 
the biochemistry of the sulphur and 
ferrous iron oxidizing systems of 
Throbacillus ferrooxidans. The per- 
son appointed may register for a 
higher degree 


Starting salary within range £6,600 
— 7,055 on 1B scale, plus USS 


Applications (2 copies preferably in 
typescript) with the names of three 
referees should be sent to Dr W J 
Ingledew, Department of Bio- 
chemistry and Microbiology, Uni- 
versity of St Andrews, St Andrews. 
Fife KY 16 9AJ (Tel 0334 76161 Ext. 
270), from whom further particulars 
may be obtained (7676)A 


THE MIDDLESEX 
HOSPITAL 


MEDICAL SCHOOL 
Mortimer Street, London WIP 7PN 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Required in the Vascular Unit to 
participate in a project involving cul- 
ture of endothelial cells from the 
cutaneous microvasculature in re- 
lationship to vascular diseases of the 
skin, wound healing and tnflam- 
mation. Experience ın cell culture 
would be advantageous and the suc- 
cessful applicant would be expected 
to make an original contribution in 
this field 


Appointment will be for 2 years in 
the first instance Salary in the range 
£8,753—£10,623 Applications, tn- 
cluding the names of 2 referees, 
should be sent to the Administrative 
Officer at the above address 

(7683)A 


UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a re- 
search post using Ti-plasmid gene 
transfer technology to study the re- 
gulation of gene expression in ol- 
seed rape. 


The post ıs tenable for three years. 
and is jointly funded by SERC and 
Unilever 


Initial salary £7,520—£8.920 
(under review) on Range IA with 
superannuation 


Applications (3 copies) naming 
three referees, shold be sent by 27 
September 1985 to the Registrar, 
Science Laboratories, South Road. 
Durham DH1, from whom further 
particulars may be obtained 

(W654) A 


NORTH WEST 
HERTFORDSHIRE 
HEALTH AUTHORITY 
HARPERBURY HOSPITAL 


Harper Lane, 
Shenley, 
Radlett, Herts 


BASIC GRADE CLINICAL 
CYTOGENETICIST 


Kennedy Galton Centre — 
candidates should have a goor 
Honours Degree in Genetics or . 
biological subject. Experience œ 
human chromosome techniques a» 
advantage 


Salary £6,559 — £8,725 plus £57 
London Weighting 


Application form and jol 
description from Mrs Z Owen Te 
Radlett 4861, ext 22. 


Closing date 27th Septembe 
1985. 


(7658)A 





UNIVERSITY OF GLASGOW 


POSTDOCTORAL 
RESEARCH ASSISTANT 
Physiologist/Pharmacologist 


The SERC have granted a co-opera 
tive research grant to study modula 
tion of vascular smooth muscle tont 
by angiotensin’ mechanisms o 
action and physiological role unde 
the supervision of Dr J C McGratl 
of the Institute of Physiology and D: 
D P Clough of Roche Product: 
Limited. Applications are invited for 
the post of post-doctoral research as 
sistant to participate tn this study fom 
3 years Starting date is ! January 
1986 or by mutual arrangement 


Salary will be on the scale £7,82( 
to £8,788 Applications, including 
CV and the names of two referees 
should be sent to Dr J. C McGrath. 
Institute of Physiology, University off 
Glasgow, Glasgow G12 8QQ. by 1I 
October 1985 (7687)A 


3 


CENTRAL BIRMINGHAM 
HEALTH AUTHORITY 
REGIONAL CYTOGENETICS 

UNIT 


Birmingham Maternity Hospital 
Edgbaston, Birmingham B15 2TG 


SENIOR CYTOGENETICIST 


Applications are invited from 
experienced Cytogeneticists for the 
above post. The Unit provides a 
comprehensive, routine 
Cytogenetics service in the West 
Midlands region Salary Scale: 
£9,415 — £12,179 per annum. 

Visits may be arranged with Mrs 
Bowser-Riley on 021 472 1377. 
Application forms and job 
descriptions available from the 
Personnel Department at the above 
address. 


Closing date for completed 
applications is Friday 4th October 
1985 (7679)A 


-3 
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UNIVERSITY OF BRISTOL 
CANCER AND LEUKAEMIA 
IN CHILDHOOD 

~ TRUST LABORATORY 
The Trustees of the Cancer and Leu- 
kacmia in Childhood (CLIC) Trust 
Invite applications for the following 
appointment which ts tenable 1m- 
mediately 


A CLIC RESEARCH 
FELLOW 
(University status of Research 
Associate) 


The successful applicant, who should 
have 3-6 years’ successful post- 
doctoral experience, will be ex- 
pected to assist in the direction of the 
CLIC Research Unit which ts loca- 
ted in a modern, well equipped suite 
of laboratories. The rescarch team 
presently comprises a Junior Re- 
search Fellow, a PhD student and 
Research Technician He/she will be 
encouraged to develop an indepen- 
dent fine of research within the field 
of molecular genetics in childhood 
cancer Considerable experience in 
either molecular biology of cukary- 
otic gene expression or the in vitro 
culture of differentiated mammalian 
cells is required. The ability to in- 
tegrate into a multidiscrplinary 
group comprising clinicians, path- 
ologists and molecular geneticists 15 
essential Opportunities for under- 
graduate and postgraduate teaching’ 
will also be available The position 1s 
tenable tor 5 years, renewable for a 
further 5 years at a salary within the 
range £9,390 — £12,150 p a on the 
Research and Analgous Staff Scale, 
Range IA 

The CLIC Trust was established with 
three main aims. to improve treat- 
ment and clinical care; to give sup- 
port to affected children and their 
families and to promote research 

This new initiative marks a major ex- 
pansion of the third aim of the Trust 
and 1s designed to extend our know- 
ledge of the molecula: basis to these 
tumours at the level of gene expres- 
son Further details of the proposed 
rescarch programme can be ob- 
tained trom Professor J E Beringer 
or Dr N J Maitland (telephone 
Bristol 24161 Ext. 695 or 838) 


Applications including full cur- 

riculum vitae and the names of three 

icademic referees to Dr K D Perry, 

cpartment of Pathology, Univer- 

sity of Bristol, The Medical School, 

University Walk, Bristol -BS8 ITD, 
not later than 20th October, 1985 
(7675)A 
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LONDON OFFICE 
4 Little Essex Street 
London WC2R 3LF 
Tel 01 2401101 
Telex 262024 { 


NEW YORK OFFICE 
65 Bleecker Street 
New York, NW 10012 
Tel (212) 477-9600 


TORONTO OFFICE ~ 
Peter Drake & Associates 

17 Pine Crescent 

Toronto, Ontario M4E 1LI 

Tel {416} 690-2423 
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Biochemist/ | 
Cell Biologist 





Atherosclerosis.Research 


4 Classified 13 


Smith Kline & French Research Limited is a leader in- 
the international pharmaceutical field with a strong 
commitment to research and development. l 

A Senior. Biochemist/Cell Biologist is required to play a 
key role in our expanding programme of atherosclerosis 
research. Duties will include participating in existing drug 
evaluation and development projects and initiating his/her 
own programme of original research to serve as the basis 
for future drug discoveries. 


We are looking for someone with a substantial record 
of self-initiated research, and with experience in the areas 
of lipoproteins and cholesterol transport and metabolism 

We offer a substantial salary and an excellent range of 

-company benefits including, for candidates of appropriate 
experience and achievement, a company car. 


Please send a CV outlining your qualifications and 
experience to Penelope Bucknell, Personnel Officer, 
Smith Kline & French Research Limited, The Frythe, 
Welwyn, Herts. quoting reference number N/138/85/PJB. DESTA 


UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF RESPIRATORY 
MEDICINE 


RESEARCH ASSOCIATE 


Applications are invited for the post 
of Research Associate funded for 3 
years by the Wellcome Trust to work 
on aspects of the control of breathing 
by hypoxia in conscious humans 1n- 
luding 1) physiological mechanisms 
of the potentiation by exercise, 2) 
changes with age, and 3) the role of 
the response mn the development of 
chronic bronchitis and emphysema 
Applicants should hold a good 
Honours degree in a physiological 


science, be under the age of 32 years 


and have either studied or worked 
continuously .in a University or 
hospital in the United Kindgdom for 
the past 3 years Appointment will 
be on the 1B scale (£8,219 p a ) Fur- 
ther information may be obtained 
from Professor D C Flenley. De- 


partment of Respiratory Medicine. . 


City Hospital, Greenbank Drive, 
Edinburgh EH10 5SB to whom ap- 
phcations including names and 
addresses of two referees should be 
sent by 3 October Please- quote 
reference no 5285 (7650)A 
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UNIVERSITY ‘ 
OF MANCHESTER 


Turner Dental School 


CHAIR IN RESTORATIVE 
DENTISTRY 


Applications are invited from can- 
didates holding a qualification regist- 
rable with the General Dental Coun- 
i] of the United Kingdom for ap- 
pointment to a newly-estabhished 
Chair in Restorative Dentistry in the 
Dental School, tenable from Octo- 
ber 1, 1986 The title Restorative 
Dentistry ts intended to emphasise a 
forward-looking approach to the 
overall needs of the field but the per- 
son appointed will be in administra- 
tive charge of the Department of 
Conservative Dentistry The salary 
will be ın the normal professonal 
range for full-time clinical appoint- 
ments with superannuation Further 
particulars may be obtained from the 
Registrar, The University, Man-- 
chester M13 9PL. to whom applica- 
tions (one copy suitable for photo- 
copying), giving full details of qualı- 
fications and experience and the 
names of three persons to whom 
reference may be made. should be 
sent to arrive not later than Novem- 
ber 29, 1985 Please quote reference 
L89/85/N ° (7656)A 


* 
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UNIVERSITY OF OTTAWA 
DEPARTMENT OF GEOLOGY . 


ASSISTANT or ASSOCIATE 
PROFESSOR 


Tenure-track position, Assistant or 
Associate Professor level, starting 
July 1. 1986 Successful applicant 
will teach at undergraduate and gra- 
duate levels and participate in | 
research programmes in fields such 
as Precambrian Geology and Basin 
Analysis within the Ottawa-Carleton 
Centre for Geoscience Studies 


The Centre 1s a cooperative vent- 
ure combining research efforts of 
geoscientists from the University of 
Ottawa and Carleton University, 
scientists from the Geological 
Survey of Canada,are also active. 
participants a 


Ability to teach in both French 
and English 1s a requirement In- 
accordance with Canadian immigra- 
tuon requirements, priority will be 
given to Canadian citizens and per- 
manent residents 


Send résumé with names of 3 ref- 
erees to’ Chairman, Department of 
Geology. Unversity of Ottawa, 
Ottawa, Canada KIN 6N5, before 
December 1. 1985 (NW304) 


Classified 14 
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A medical or screntific graduale 1s 
required to join the staff of the 
Weifcome Trust to assisi the Depuly 
Drecloi with the management of ils 
Tropical Medicine‘and Infecuious 
Diseases programme This is a new 
post ansing from the increase in 
funds available for disthiibulion by the 
Wellcome Trust ` 

The successiul candidale will 
probably be belween the ages of 35 
and 55 and will have had first hand 
acquamtance with the acadenie 
scene in the United Kingdom or the 
Lropies Post-graduate qualifications 
ma relevant field and an established 


Applications, including full curriculum vitae, present salary and the names 
and addresses of two referees, should be sent, marked confidential, to: poz 
Dr. B. M. Ogilvie, The Welicome Trust, 1 Park Square West, London NW1 4LJ. 


Tel: 01-486 4902 


The Wellcome Trust ` 
Scientific Officer 


research record or a wide general 
interest in scrence and medicine are 
essential altributes An interest in the 
career development of research 
wotkers is highly desirable 


The post is either full-trme (but may 
include a limited amount of academic 
work} or possibly could be considered 
ona part-time basis Applicants 
should have UK residence status | 
Salary related to age and_expenence 
within Trust scales — which are 
elated to equivalent positions in 
medical administration Non- 
conluibutory pension and privale 
medical insurance 


_{7665)A 








Required to work in jaboratory concerned with the metabolism of neuro- 
toxic compounds The work involves chemical and biochemical analysis 


MEDICAL RESEARCH COUNCIL 


Toxicology Unit 
TECHNICIAN 


and physiological methods 


Qualifications Degree, HNC or equivalent Salary according to age, quall- 
fications and experience within the range £5,738 — £8,096 plus London 
Weighting 


Apply in writing, with curriculum vitae and the names of two referees, to: 


Dr J A. Hoskins, Toxicology Unit, 

Medical Research Council Labora- 

tories, Woodmansterne Road, Car- 
_ Shaiton, Surrey SM54EF. (7690A) 


BIOTECHNOLOGISTS! 


What’s going on in the world’s fastest- 





growing scientific discipline? 


To find out, send for a sample copy of 
BIOTECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmilian Journals, 
4 Little Essex St., 
London WC2R 3LF 


or 


Paul Siman, Bio/Technology, ; 
65 Bleecker St., New York, NY 10012. 


MIRC 


Medica! Research Council 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF ZOOLOGY 


Postdoctoral position in 


, MOLECULAR 
NEUROBIOLOGY 


Applications are invited from scien- ` 
tists holding a PhD ın Biochemistry/ 
Molecular Genetics or a related 
field, with experience in DNA man- 
ipulation and hybridisation tech- 
niques, and a record of research into 
any aspect of the control of transcrip- 
tion in eukaryotic cells 


The project, which is funded by 
the Wellcome Trust, aims to investi- 
gate the control of expression of 
regulatory peptides implicated in 
cellular D and synapse 
formation ın mammalian neurones 


Laboratory facilities will be pro- 
vided in the newly-established Mol- 
ecular Genetics Unit at Bristol. 


An appointment will be made on 
the Unversity Academic Staff 
Range 1A at a Starting salary of 
£7,520 — £9,390 per annum. ` 


Initial enquiries may be made to 
Dr L W Haynes. Department of 
Zoology. The University of Bristol. 
Woodlands Rd.: Bristol BS8 1UG 
(0272 24161 ext 57) to whom appli- 
cations, accompanied by cv and the 
names of three referees should be 
addressed before 4 October 

i (7518)A ~ 


Ț 


UNIVERSITY 
OF NOTTINGHAM 
DEPARTMENT OF MICROBIOLOGY | 


RESEARCH ASSISTANT IN 
MOLECULAR BIOLOGY 


Applications are invited for a post as 
Research Assistant (tenable for up 
to three years) to help with a project 
investigating the use of DNA probes 
to study the epidemology of anti- 


_ biotic resistance in bacteria Experi- 


ence, of DNA hybridisation tech- 
nology would be an advantage 
Salary will be commensurate with 
age, qualifications and experience 
Applications (c v . details of experi- 
ence and names of two referees) to 
Dr K J Towner, Department of 
Microbiology, University Hospital. 
Qucen’s Medical Centre., Notung- 
ham NG7 2UH, of whom informal 
enquiries may also be made (0602 
700111 ext 3543) (7681)A 


KING’S COLLEGE LONDON 
(KQC) 


MICROBIOLOGY DEPARTMENT 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Mushroom Molecular Biology 
Applications are invited for a three 
year post funded by AFRC to study 
‘the synthesis and processing of the 
enzyme laccase in the commerical 
mushroom Agaricus Bisporus The 
work will focus on cDNA cloning 
and immunological detection 
methods and will be part of a collab- 
oration between Dr C F Thurston 
and Dr D Wood at the Glasshouse 
Crops Research Institute. [t 1s in- 
tended to make an appointment as 
soon as possible 


Further information may be ob- 
tained from Dr C F Thurston and 
application forms are available from 
the Assistant Secretary, both at 
King’s College London, Kensington 
Campus. Campden Hill Road, 
London W8 7AH Commencing 
salary within the range £7,520 — 
£7,980 pa (under review) plus £1,297 
London Allowance Closing date’ 4 
October 1985 (7695)A 





POSTDOCTORAL 
POSITION 


Available immediately for research 
on the role of T cells in mycobac- 
tertal infection 


Preference will be given to candi- 
dates with experience in cellular 
immunology or protein chemistry. 


Curriculum vitae and two letters 
of recommendation should be sent to 
Dr S HE Kaufmann, Max-Planck- 
Institut fur Immunbiologie, 
Stubeweg 51, 7800 Freiburg 1.Br, 
FRG (W2204)A 





INFERTILITY 
ULTRASOUND 


Life Sciences graduate required for 

busy Infertility Clinic to os an 

ultrasound service No U/S exper- 

lence necessary Full training will be 
iven Starting salary £6,000-£8.000 
5 hrs/week 


Apply with CV: The IVF Clinic, 
25 Weymouth Street, London W1 
(7696)A 
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University of Manchester 


CHAIR OF IMMUNOLOGY 


The University invites applications 
for the Chair of Immunology in the 
Faculty of Medicine, tenable from 
January 1, 1986, or as soon as pos- 
sible thereafter The Unversity 
wishes to consider candidates with 
interests In any field of immuno- 
logy Applications (one copy suit- 
able for photographic repro- 
duction) giving full details of quali- 
fications and experience together 
with the names and addresses of 
three persons to whom reference 
may be made, should be sent to 
The Registrar, The University, 
Manchester M13 SPL from whom 
further particulars may be ob- 
tained, and be received by him not 
later than October 31, 1985 Please 
quote ref: 201/85/N. Overseas can- 
didates may apply by air mail letter 
In the first instance. (7655)A 























UNIVERSITY HOSPITAL OF 
ZURICH 
Switzerland 


The Laboratories of Oncology 


Invite applications for a 


POST DOCTORAL 
POSITION 


in brology or related field to partici- 
pate in the research of transfor- 
mation processes and oncogene ex- 
pression in human respiratory tract 
tumours. 


Preferences will be given to candı- 
dates with experience in molecular 
biology techniques 


Please send curriculum vitae and 
references to Dr Rolf Stahel, 
Abteilung fur Oncologiel, Universi- 
tats ‘Spital, CH-8091, Zurich 

(W2237)A 


ASSISTANTSHIPS 


Readvertisement 


UNIVERSITY OF 
NOTTINGHAM 


Nottingham NG7 2RD 
DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a post- 
doctoral research assistantship 
(Grade 1A) to work in the above 
department on a SERC-funded pro- 
ject to investigate the transcriptional 
regulation of crystallin expression in 
chick embryo lens and non-lens tis- 
sues. 


Experience of tissue culture, 
Northern blotting, run-off transcrip- 
tion assays and primer extension 
techniques would be advantageous 


The appointment will be at the 
lowest point of the 1A scale (£7 290 
he annum, under review), and will 
eee 3 years, starting Ist January 


Application letters, enclosing full 
c.v and the names and addresses of 
two academic referees, should be 
sent to Dr D | de Pomerar at the 
above address Closing date for app- 
licatrons, 30th October 1985. 

(7670)P 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF PHARMACY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for an IC] 
supported postdoctoral research as- 
sistantship starting in October 1985 
The project is to investigate the bio- 
chemical basis for synergy between 
selected biocides A brochemical/ 
chemical background with expe- 
rience m microbiology would be an 
advantage The position is available 
imtially for one year at a salary ol 
£8.299 p.a (under review) 


For further information telephone 
or write to Dr S P Denyer (eat. 
3232) or Dr W B Hugo (ext 3233) at 
the Department of Pharmacy. Uni- 
versity ot Nottingham, University 
Park, Nottingham NG7 2RD (Tel 
0602 506101) Applications in the 
form of a CV including the names 
and addresses of two reterees should 
be sent to the Staff Appointments 
Officer. University of Nottingham 
University Park, Nottingham, NG7 
2RD 


The closing date for applications ts 
two weeks after the appearance of 
this advertisement (7671)P 





Please mention 


nature 


when replying to 
these advertisements 





FELLOWSHIPS 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF BIOCHEMISTRY 


POST-DOCTORAL 
FELLOWSHIP 


Applications are invited for a post- 
doctoral position in the ICI/Uni- 
versity of Leicester Joint Labora- 
tory, to work on the control of 
mammalian gene expression. 


The appointee will be invovied in 
analysing the regulation of express- 
ion of androgen-responsive renin 
genes of the mouse by manipulation 
of genomic sequences and retro- 
duction tnto a variety of cultured 
cells 


The project may involve the estab- 
hshment and testing of appropriate 
and novel cell lines 


The successful candidate will also 
be encouraged to contribute to other 
related projects that are currently 
being established within the 
laboratory 


Applicants should have post- 


€ Lassifted 15 


University of Birmingham-—-An Equal Opportunities Employer 


RESEARCH POSTS 


Applications are invited for the following research posts tn the Faculty of 
Science 

DEPARTMENT OF GENETICS 

Two Postdoctoral Research Fellowships in Molecular Genetics (L1 and L2) 
To investigate genes responsible for stable inheritence of broad host 
range plasmid RK2 in diverse Gram-negative bacterial species in collabor- 
ation with Dr C M Thomas Preference given to candidates with relevant 
biochemical/molecular genetic experience This MRC financed post ten- 
able for 3 years from as soon as possible (L1) 

21 toinvestigate molecular genetics of fungal pathogenicity to plants in 
collaboration with Dr C E Caten and Dr F C H Franklin Postgraduate 
experience in microbial genetics and molecular biology or in physiological 
plant pathology desirable This AFRC financed post tenable for 3 years 
from as soon as possible (L2) 

DEPARTMENT OF BIOCHEMISTRY 

Postdoctoral Research Fellowship {B8} 

A protein chemist is needed for up to 5years from 1 10 85 to be responsible 
for the isolation and characterisation of membrane-found and soluable 
enzymes involved in inositol lipid-mediated signalling at plasma mem- 
branes, following the award of an MRC Programme Grant to Drs R H 
Michell and C J Kirk. Maximum starting salary not likely to more than 


£8,926 

DEPARTMENT OF CHEMISTRY 

Postdoctoral Research Fellowship in Physical Chemistry (F5) 

To work on an SERC funded project with Professor | W M Smith Experi- 
ments using tunable IR and tunable UV lasers will be conducted to 
determine the rates and pathways of energy transfer in small molecules 

Post tenable for 2 years 

Postdoctoral Research Fellowship in Inorganic Chemistry (F6) 

To work for up to two years on the synthesis and spectro-electrochemical 
study of redox active complexes incorporating substrate binding sites, 
following the award of SERC funds to Professor J A McCleverty Can- 
didates should have experience of ligand synthesis and spectroscopic 
methods Both organic and Inorganic chemists are encouraged to apply 

Maximum starting salary not likely to be more than £7,980 pa 

FIELD ARCHAEOLOLGY UNIT/DEPARTMENT OF CHEMISTRY 

Research Fellowship {F772} 

To work on Leverhulme funded project on decay and detection on 4, chae- 
ological sites Candidates should have strong Chemistry background with 
BSc in Chemistry and Higher Degree tn an area related to soil Chemistry 

An understanding of the chemistry of soil organic and inorganic colloids 
and sound training in analytical procedures an advantage Tenable up to 
three years from as soon as possibie 

DEPARTMENT OF MICROBIOLOGY 

Postdoctoral Research Fellowship (M3) 

A person with experience in general virology is needed to join Dr C Sweet 
and a team investigaiing the mechanisms of virus pathogenicity The 
Project, to study the pathogenesis of Dugbe virus in mice as a mode! for 
haemorrhagic viral diseases of humans, ts funded by the Ministry of 
Defence The post ts available for three years 

Salary scales Research Associate 1B £6,600 — £8,920 plus superannuation 

Research Fellow 1A £7,520 — £12,150 plus superannuation 

For further particulars phone 021-472-1301, extension 2559, quoting reference num- 
bers above 

No formal application Three copies of application including full curriculum vitae and 
naming three references to Assistant Registrar (Science}, PO Box 363, BIRMINGHAM, 
B152TT by 7 Oct 1985 (7672)E 





graduate experience in biochemical 
biology 


Familiarity with techniques for 
manipulating and expressing eukary- 
otic genes in cultured mammalsan 
cells would be an advantage 


The ICI/Leicester Joint Labora- 
tory ıs a research unit of approxi- 
mately twelve personnel, funded by 
ICI Corporate Bioscience Group 
and housed in well equipped factli- 
ties within the Biochemistry 
Department 


There ts excellent interaction with 
other groups, both within the 
flourishing life sciences community 
at Leicester and within the sponsor- 
ing company 


Publication of results through the 
norma! channels ts encouraged 


This post is available tor three 
years from | October 1985, with a 
salary at the scale of £7,250 to 
£12,150 


Applicants should send a CV and 
the names and addresses of two 
referees to Professor W J Brammar, 
Department of Biochemistry. Uni- 
versity of Leicester (7669}E 


UNIVERSITY OF DUBLIN 
Trinity College 


POST-DOCTORAL 
FELLOWSHIP 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for the 
above post The successful 
candidate will work on the 
characterisation of membrane 
5-hydroxytryptamine carriers 
using antibodies. 
The appointment, which is 
supported by the Nattonal 
Board of Science and Tech- 
nology, will be for one year in 
the first instance, and for up to 
two years. 
Salary IR£8,028 p a 
Applicants, who should pre- 
ferably have had sorne ex- 
perience with antibodies, 
should send a curriculum vitae 
including the names of two 
referees to - 
Dr D C Wilhams, 
Department of Biochemistry, 
Trinity College, 
Dublin 2, 
Ireland. 


(7692)E 
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Classified 16 


The Wellcome Trust 


—_. Wellcome 
Senior Research Fellowships in - 
Basic Biomedical Science-1985 


The Wellcome Tiustees have decided to 

reintroduce a scheme of Semo: Research 

Fellowships ın Basic Biomedical Science The 

purpose of these Fellowships 1s to support 

outstanding young investigators who have 

shown special promise 1n theu initial studies of 
~ basic biomedical problems. 


Applications may be made on behalf of the 


Fellow by the Head of an appiopriate sponso: mg 


laboratory or by the prospective Fellow with the 


support of the Head of the sponsoring laboratory 


CANDIDATES SHOULD BE EITHER 
SCIENTIFICALLY OR MEDICALLY QUALIFIED 


AND NORMALLY NOT MORE THAN 33 YEARS 
OF AGE THEY MUST HAVE SEVERAL YEARS' 
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POST-DOCTORAL RESEARCH EXPERIENCE 
AND HAVE SHOWN THE CAPACITY TO 
CARRY OUT INDEPENDENT RESEARCH 


Apphcants must have worked m the United 
Kingdom oi Ene foi at least the past thiee years 
o1, fol candidates curently working abroad, for 
the three yeais immediately preceding work 
overseas Fellowships are tenable in universities 


m the United Kingdom a1 Ene 


These fellowships will noi mally be tenable 
fo. five yeais with an extension fol a fuither 


_ thee years subject to satisfactory review The 


salary offered will be according to age and ‘ 
expenence on a non-clinical scale between i 


£10,330 and £15,150 


Nominations (12 copies) for these Fellowships should be submitted on the appropriate form available 
from: The Grants Section, The Wellcome Trust, 1 Park Square West, London NW1 4LJ. Tel: 01-486 4902. 


Completed applications must be returned not later than 1st November 1985. 
l 


POSTDOCTORAL FELLOWSHIPS 
IN THEORETICAL PHYSICS 
AND ASTROPHYSICS 


Several Fellowships will be awarded for postdoctoral study in 
theoretical physics and theoretical astrophysics at the California 
Institute of Technology. These Fellowships, which begin in Fail 
1986, carry annual stipends of $28,000 and, in addition, offer a 
research-expense fund of $3,000 per year. One Richard Chace 
Tolman Fellowship, of two-year duration, and three Weingart 
Fellowships of three-year duration will be awarded on the basis 
of an international competition. Two Dr Chaim Weizmann Post- 
doctorate Fellowships for Scientific Research, of three-year du- 
ration, will be awarded subject to a restriction to U.S citizens 


This Fellowship Program has been established to offer scientists, 
typically within two years of receipt of the Ph.D., the best possible 
opportunity to develop their talents. Research will be encouraged 
in areas in which Caltech’s faculty is currently active: 

Astrophysics 

Computational Physics ` 

Condensed Matter Physics 

Elementary Particle Physics 

Gravitation Physics 

Mathematical Physics ~ 

Nuclear Physics 
. Matertals in support of an application or nomination should be 
sent to Professor Charles W. Peck, Executive Officer for Physics, 
356-48, California Institute of Technology, Pasadena, Ca 91125. 
These materials should include curriculum vitae, bibliography of 
publications and preprints of manuscripts not-yet published, and 
a description of the anticipated research program. The candidate 
or nominator is requested to ensure that at least three letters of 
recommendation be sent directly to Caltech. 


ALL MATERIALS SHOULD ARRIVE AT 
CALTECH BEFORE DECEMBER 1, 1985 , 


Fellowship candidates will automatically be considered for other 
available postdoctoral positions at Caltech in their field of in- 
terest. 


Caltech ts an Affirmative Action/Equal Opportunity Employer. 
Women/Minorities are encouraged to apply. (NW293)E 
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UMIST 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


invited for an 

R C. Postdoctoral Fellowship to 
investigate the synthesis of antı- 
cancer anthracylines. The appoint- 


“ment, which 1s initially for one year 
with the opportunity of renewal for‘ 


up to one further year, is available 
immediately ~ 


Commencing salary £7,821 per 
annum (includes 4% interim award) 


Candidates, who will be expected 


to have experience in synthetic or- J’ 


ganic chemistry, should send their 
applications and the names and 
addresses of two referees, quoting 
reference CH/156, to professor R J. 
Stoodley, Department of Chemistry, 
UMIST, P O Box 88, Manchester 
M60 10D (7662)E 





UNIVERSITY OF KEELE 


RESEARCH FELLOWSHIP 
IN BIOCHEMISTRY 


Applications are invited for a post 
funded for two years by the National 
Kidney Research Fund, who have 
awarded a grant to Professor J. B. 
Lloyd and Dr Susan Forster to inves- 
tigate lysosome membrane permea- 
bility in relation to renal function. 
Initial salary £7,520 p.a. (under 
review) plus membership of USS. 


Enquiries to Professor Lloyd or 
Dr Forster (0782-621111). Applica- 
tion forms from The Registrar, The 
University of Keele, Staffordshire 
STS 5BG, to whom applications 
should be returned not later than 30 
September 1985. ~- (7643)E 


(7694)E 


UNIVERSITY OF; 
BIRMINGHAM. 


FACULTY OF MEDICINE AND 
DENTISTRY 


An equal opportumities 
employer 
DEPARTMENT OF PHYSIOLOGY 
RESEARCH FELLOW 1A 


Applications invited for a Postdoct- 
oral Research Fellowship to work on 
the relationship between phos- 
phatidylinositol metabolism and 


acetylcholine receptors ın skeletal 


muscle 


The post 1s supported by the 
Wellcome Trust and ts temporary 
Experience in lipid biochemistry and 
enzyme metabolism would be an 
advantage The salary will be in the 
range £7,520 — £12,150 Further 
information from Dr M E Smith 021 
472 1301 (ext 2446) 


Applications by October 14 1985 
{three copies) to the Assistant 
Registrar, Medical School, Birming- 
ham B15 2TJ Quote’ Ref 
RF/Phys/MES. (7659)E 
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these advertisements 
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In accordance with the provisions of the foundation, Papers are herewith invited for 
1986 in conjunction with the 


HEINRICH WIELAND PRIZE 


which is endowed by the Margarine Institute for Healthy Nutrition, Hamburg, for 
the promotion of research. 


‘ The prize, named after Professor Dr. Heinrich Wieland, the Nobel Prize winner who 
died in 1957, 1s awarded annually and is offered for work on the chemistry, biochem- 
istry and physiology of fats and lipids, as well as on their clinical importance and 

their significance ın the physiology of nutrition. 


The Heinrich Wieland Prize consists of a “Heinrich Wieland plaque” and the sum of 
20.000 West German Marks. 


The prize winner will be selected by a Board of Trustees which consists at present of 
the following: 


Prof. Dr. Karl-Heinz Bäfler, Mainz 

Prof. Dr. Karl-Friedrich Gander, Hamburg 

Prof. Dr. Wolfgang Gerok, Freiburg 

Prof. Dr. Rolf Griittner, Hamburg 

Prof. Dr. Dr. h. c. Gotthard Schettler, Heidelberg 

Prof. Dr. Dr. Wilhelm Stoffel, Cologne 

Prof. Dr. Theodor Wieland, Heidelberg 

Prof. Dr. Viktor Wolf, Hamburg ` 

Prof. Dr. Nepomuk Zöllner, Munich ` 


Authors of unpublished scientific treatises or of treatises published during the period 

from 1985 to 1986 are invited to apply for the 1986 HEINRICH WIELAND PRIZE. 

Such treatises may take the form of individual studies or publications on related sub- 

jects. The relevant manuscripts or reprints.of publications must be accompanied by a 

summary in German or English outlining the main results and the experimental 

method, as well as providing bibliographic details. Treatises that have already been 
awarded some other prize for scientific work are not eligible. 


The closing date for sending in Papers for the 1986 award is March 13t, 1986. 


A single copy of the Paper must be sent by this date to the following address: 
Board of Trustees for the Award of the Heinrich Wieland Prize, 
Prot. Dr. Alfons Fricker, Ringelberghohl 12, D 7500 Karlsruhe 41, West Germany. 


The presentation of this year’s prize will take place at 10.30 a.m.on October 25 th 1985, 
in the Adolf-von-Baeyer Lecture Hall of the University of Munich, which is located 
in Metserstrasse. 


(W2221)N 
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H The Bayliss & Starling Society er: 


Qh; 4a NATIONAL SCIENTIFIC at 
eg MEETING 


18TH - 19TH DECEMBER 1985 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL, 
LONDON 


A two-day programme of submitted platform 
presentations and posters on the topic of 


Regulatory Peptides 
GUEST LECTURERS ARE: 


Prof G Burnstock -- London “Paptidergic control of the Vascular System” 
Prof D., Hanahan — N. York 
“Transgenic mice applications to Neuroendocrinology” 
DrS Legon -London “Molecular biology up-date” 
ProfH R Morris—London “Techniques for Peptide Sequencing” 


ABSTRACT DEADLINE: 31st October 
(Abstracts to be published ın 1985 tssue of Regulatory Peptides) 


hy, 
a ag 
Yas 


For abstract forms and further information on 
iow cost accommodation, etc write to 
Prof S. R. Bloom/Prof J. M. Polak 
Hammersmith Hospital 
Du Cane Road 
London W12 OHS 


The Bayliss & Starling Society ıs a 
Registered Charity (No 279143) 


Council Members: S. R. Bloom, J M Polak, Sir F. Avery Jones, 
J. H. Baron, J. C. D. Hickson, G. J. Dockray, K D. Buchanan, 
`'R A. Gregory, J A. Edwardson 





— ANNOUNCEMENT — 
A Royal! Society Discussion Meeting on 


RIBULOSE BISPHOSPHATE CARBOXYLASE-OXYGENASE 


Function, Structure, Mechanism, Synthesis & Manipulation 


ROYAL SOCIETY, LONDON: DECEMBER 4 & 5, 1985 
Organised by R J Ellis & J. C. Gray 


Speakers’ L Bogorad, D Bradley, C-l. Brandén, N-H Chua, D Eisenberg, R 
J Ellis, S Gutteridge, F C. Hartman, A J Keys, G H Lorimer, B. A 
McFadden, W L Ogren, J Schell, C. R. Somerville and D. A Walker 


Enquiries should be addressed to’ MissC A Johnson, The Royal Society, 
6 Carlton House Terrace, London SWT1TY 5AG (Tel 01-839 5561 ext 278/ 
277. Telex: 917876). (7668)G 


UK MOLECULAR BIOLOGY OF CANCER NETWORK 
2nd MEETING 


WARWICK 10-12 DECEMBER 1985 


Organisation and Contro! of Eukaryotic Genes 

Rigby {London), Brammar (Leicester), Travers (Cambridge), 
Wyke (London) 

Growth Factors and Receptors 

Harris (Newcastle), Gullick (London), Brown (Cambridge), 
Whetton (Manchester), Hopkins (Liverpool) 


Oncogenes 
Land (London), Dalgleish (London), Hall (London), Foulkes 
(London), Rabbitts (Cambridge) 


POSTERS FREECOMMUNICATIONS TRADE EXHIBITION 


Deadline for registration and submission of abstracts: 21 October 
1985 

Booking forms and further information from Mrs P J Pinto, 
UKMBCN Conference Organiser, ICI PLC, CTL, Alderley Park, Nr 
Macclesfield SK10 4TJ, Tel 0625 682771 


(7686)M J 





London EC1V OH8 


Scaife, D Barker, M Turner 





STUDENTSHIPS 


UNIVERSITY OF WARWICK 


DEPARTMENT OF 
BIOLOGICAL SCIENCLS 


POSTGRADUATE 
STUDENTSHIP 


A SERC PhD studentship ts mme- 
diately avattable for the study of the 
role of gamma interferon in immune 
responses The project will involve 
the production of recombinant 
gamma interteron in mammalian 
cells. preparation of antibodics to 
the purified interferon, and the study 
of the effects of the interferon and 
the antibodies of the immune re- 
sponses to virus infection in mice 


Candidates should have a suitable 
First or Upper-Second Class Hon- 
ours Degree, and should send a cv 
and the names of two referees to the 
Executive Officer, Department of 
Biological Sciences, Warwick Uni- 
versity, Coventry, CV4 7AL Fur- 
ther information ts available from D1 
A G Morris, 0203-2401 1 ext 6061 or 
6079 Closing date 3rd October 1985. 

(7677)F 
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SEMINARS & SYMPOSIA 


PARASITOLOGY/MOLECULAR BIOLOGY 
British Society for Parasitology Autumn Symposium 1985 


PARASITOLOGY AND MOLECULAR BIOLOGY’ 
APPLICATIONS OF NEW TECHNIQUES 


25th October 1985 The City University, Northampton Square, 


Organiser: Dr A. J.G Simpson Contributions by R J Terry; M 
Selkirk, M Knight: D Rollinson, D Taylor, D. Kemp, G Smith, J 


- 


Further details and registration enquiries’ DrD J McLaren, Hon 
Meetings Sec., BSP, Division of Parasitology, National Institute 
for Medical Research, Mill Hill, London NW7 1AA. 


(7653)M 


COURSES 


PART-TIME 
POSTGRADUATE 
COURSES IN 
PHARMACOLOGY 


There are still places on 
the following courses. 


MSc Pharmacology 
Polytechnic 
Graduate Diploma 
in Pharmacology 


Enquiries to: 

The Assistant Registrar, 

North East London Poly- 

technic, Romford Road, 

London, E15 4LZ. 

Tel: 01-690 722 Ext. 4004. 
(7643)C 


NELPS E 


North kasi London 
Polvtec hnui 








mones and cyclic nucleotides 


Fee $365 ($245—fellow) 


MISCELLANEOUS 


RESEARCH VESSEL FOR 
ECONOMICAL WORLD 
WIDE CHARTER 


A SEANS Grabber Semer design of 
Ld Monk with a range of 6,000 miles 
at wht knots lor charter pariy Of sis 
I vperrencedl grew. extensive eli- 
pones including SVEN AS 


Spire Island Traders, One Boston 


MOLECULAR ENDOCRINOLOGY AND 
TECHNIQUES FOR HORMONE ACTION 
February 16-21, 1986 
This course will consist of lectures in methodology with com- 


prehensive syllabus covering receptors, gene transcription 
mRNA and protein synthesis, recombinant DNA, protein hor- 


Co-directors W. T. Schrader and B W. O'Malley 


For further information contact: Bonnie Cuthbert, Department of 
Cell Biology, Baylor College of Medicine, Houston, Texas 77030 
—— 713-799-6200. Deadline January 17, 1986 


(NW298)C 


APPOINTMENTS WANTE 
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BL grade ImmunoGold 


THE "AVANT-GARDE" IN ANTIGEN 
1a 
ImmunoGold (Silver) Staining MEMBRANES It is simple. ImmunoGold probes stain 
offers more than just one advantage the antigen sites red without any further 


over the traditional techniques: development being required. 








It is safe. Since it is a non-isotopic and It is sensitive. Our optional Silver 
non-enzymatic technique, there are no problems Enhancement reagent turns the red signal 
with radiation, short shelf-life or into an intense black one, revealing 
carcinogenic substrates Sub-nanogram amounts of antigen. 


Contact us for more information. You'll be convinced. 
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ANIMAL STORAGE CABINETS 


21, RUE DE L'ARMISTICE 
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T. l AA N s a? TEL : 33 (1) 665.35.77 

EQUIPEMENTS SCIENTIFIQUES & INDUSTRIELS TELEX ; ESI 270 923 F 
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1 Fe E INTRODUCES 


A NEW GENERATION 
OF DIAGNOSTIC 
PREPARATIONS 
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TRANSCORTIN 


BELGIUM 
IRE 


Avenue Généra 
Eisenhowerlaan 
105-107 

B-1030 BRUSSELS 
Phone 
02/215.18.03 

Tix 23 195 ire bx! 


UNITED 
KINGDOM 
IRE - UK 


19, Castle Street 
HIGH WYCOMBE 
Bucks HP 13 RU 
Phone 

494 44 R6 16 

Tix 837523 ireuk 





(*soon available) 


GERMANY THE 
IRE-DIAGNOSTIC NETHERLANDS 
VERTRIEBS GmbH IRE - N 


Cecitienallee, 36 Lib. Amersfoortse 
4000 straat 3769 AD 
DUSSELDORF 3 SOESTERBERG 
Phone Phone 
0211/43.98.67 03463-3804 

Tix 858 8898 ired Tix 70354 irer 


|e f BECKMAN 





Imagine the world's simplest 
operating ultracentrifuge. Add 
the most reliable drive ever 
designed—the Ultra-Smooth 
vacuum-encased induction 
system. Include automatic 
“Soft-Start”’ built-in diagnostics 
and the ability to run every 
Beckman high performance rotor. 
Top it off with a most attractive 
purchase price. And you have 
the new Model L7-55—the one 
you have been asking for. 

_ With speeds to 55,000 rpm, 
forces to 408,000 g, integrated 
circuit logic and remarkably 


17-55 Uttracentrfuge l 


Something Special 


simple controls, the L7 is ideal for 
everyday applications. It's the 
perfect addition to the Beckman 
family of induction drive 
ultracentrifuges, joining the 
premier L8M models —the 
ultimate in centrifugal research 
tools —and the Benchtop 

TL-100 for rapid microvolume 
separations. 


Use the L7 for the routine jobs. 
Save your L8M for investigations 
where microprocessor control 
and memory are an advantage, 
where delicate gradients call 
for acceleration/deceleration 
versatility, where computer 





interfacing is needed for remote 
control or record keeping. 

When you want to cut run times | 
for these jobs by more than half, 
use the TL-100. 


The workaday Model L7-55: 


it's something special— especially 


for you! 


To get better acquainted, ask 
for Brochure SB-667. Beckman 
Instruments, Inc., 
Spinco Division, 
1050 Page Mill Road, 
Palo Alto, CA 94304. 
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Simplicity in cDNA synthesis, 





Simple, efficient and reliable cDNA production 
with Amersham’s CDNA synthesis system, 
code RPN.1256. Generate a high percentage of 
full length double-stranded cDNA in three hours 
from your MRNA. 


simple one-tube reaction protocol 
overcomes hairpin loop priming problems 
eliminates S1 nuclease digestion step 





i E i Also available 
ch ante 2 mei in janca NEW RAV 2 Reverse transcriptase,code 1.2610 
mRNAs Pye NG NEW Cloned E.coli RNase H, code T.2150 
tested for absence of contaminating activities For further details contact your local 
checked for high performance and reproducibility representative or our Research Products 
complete system for copying 20ug MRNA Technical Service Group. 
tsar International pic 
Amersham Place Little Chalfont 
Bu kir nghamshire England HP7 SNA 
telephone Little Chalfont (02404) 4444 
eo ie en 2408 _Aimersham 
UK Sales Aylesbury 23 een dagen isona 2) 211 4399/44859 Amersham ong rendynrs 
Amersham Buchler GmbH & Co KG 8r T hweg. We j >) BOB Amersham Canada Ltd ntar : 
Amersham Corporation A SA (312) 364 7101 Amersham oaeeee ApS fur ker ? Amersham France SA! 
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UNDER 


The uppermost photograph shows stereo images of a 
synthetic scene generated by a powerful computer 
system for testing vision algorithms (developed by 
Karl Sims, Thinking Machine Corporation). The 
stereo pair can be fused to give a strong sense of depth. 
The middle photo represents the corresponding map 
of ‘edges’ computed from the stereo pair and below 
that is a depth map computed from a stereo algorithm 
(by Mike Drumheller and T, Poggio) operating on the 
edge map, Pseudocolour codes for different depths. 
See page 314. 


The unacceptable face of nationalism 275 


eS geet NEWS ee AEE 


Strategic Defense Initiative 
Premature death? 
Aspects of the Mexican earthquake 
Dutch budget 
A magnet for the Supercollider 
Polish agriculture 
| Technology poaching 

Rebellion among the ranks 
Nuclear war 
Japanese exposition 
UK atomic energy 

_ Fast breeder reactors 280 
UK plant breeding research 


- CORRESPONDENCE- 


-| AIDS panic/What is life?/Spain/ 
_ | Sydney’s third 


277 


278 


281 
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Paradigm still incompletely broken 282 _ 


Molecular associations during 
T-cell activation 

Ronald H Schwartz 
Unravelling disorder in glass 
P H Gaskell 285 
Bridging the junctional gap 
Harry Goodall 

Heavy neutrinos and galaxies 
N A Jelley 287 
Pollination mechanisms: Exploitation 
of animal mobility 

P D Moore 

Prospects for developing vaccines 

to control fertility 

G L Ada, A Basten & W R Jones 
Solving a knotty mathematical 
problem 

lan Stewart 


238 
288 


290 


~—NEWJOURNALS — 


A question of new journals 


Alan Singleton 291 


This issue contains reviews of new journals 
which appeared between June 1983 and 
May 1984, The reviews begin on p.294 
with an introduction and index on p.293, 


estes COMMENTARY S 


Washington’s power supply collapse 


R H Bezdek 309 
~ REVIEW ARTICLE — 
Computational vision and 

regularization theory 

T Poggio, V Torre & C Koch 314 


Microplate tectonics along a superfast 
seafloor spreading system 

near Easter Island 

R N Hey, D F Naar. M C Kleinrock, 
W J Phipps Morgan, E Morales 

& J-G Schilling 


J.-Schilling, H Sigurdsson, 
AN Davis & R N Hey 


intercellular junction 
J Neyton & A Trautmann 


chlorinated hydrocarbons for release 
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T-cell clones specific for myelin basic 


paralysis and demyelination 
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Possible cosmological scenario with 
an unstable 17-keV neutrino 


HCN emission from OH 
infrared sources 
S Deguchi & P F Goldsmith 


Terrestrial record of the Solar 
System’s oscillation about 

the galactic plane 

R B Stothers 
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Concordant 3,676 Myr U-Pb 
formation age for the 

Kodaikanal iron meteorite | 
C Göpel, G Manhñs & CJ Allègre 34 
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Microaggregates of non-noble metals 
and bimetallic alloys prepared by 
radiation-induced reduction 

J L Marignier, J Belloni, 

M D Delcourt & J P Chevalier 


Franciscan Complex Calera 
limestones: accreted remnants 

of Farallon Plate oceanic plateaus 
J A Tarduno, M McWilliams, 

M G Debiche, as 
W Y Sliter & MC Blake Jr 345 
Contaminated sediments of 

lakes and oceans act as sources of 


to water and atmosphere sep 
P Larsson 347 
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Oxygen isotope ratios in N,O from 
nitrification at a wastewater 
treatment facility pe 
T Yoshinar & M Wahlen 349 
Vent-type taxa in a hydrocarbon seep 
region on the Louisiana slope 

MC Kennicutt I, J M Brooks, 

R R Bidigare, R R Fay, T L Wade 

& TJ McDonald 
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351° 


Regulated progression of a cultured 
pre-B-cell line to the B-cell stage 
M G Reth, P Ammirati, 

S Jackson & FW Alt 
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protein induce chronic relapsing 
S Zamvil, P Nelson, J Trotter, 


D Mitchell, R Knobler, R Fritz 
& L Steinmen 
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ATURE VOL aT SEPTEMBER ws CONTENTS- 


LASER ANNIVERSARY 
SPECIAL ISSUE 







natur C/ 


TWENTY-FIVE 
YEARS OF 
LASERS 


f 
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è X-ray lasers 
ə Optical computers 
è Lasers in biology and 
medicine 
è The birth of masers and 
lasers 







These and other topics are addressed 
in Nature's special Laser issue which 
marks the 25th anniversary of T. H. 
Maiman’s report on the first working 
laser (Nature August 6th 1960). 
Extra copies of this issue are available 
now from the address given below~ 
price as for back copies. 
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Binding of immunogenic peptides to 
Ia histocompatibility molecules 

B P Babbitt, P M Allen, G Matsueda, 
E Haber & E R Unanue 





dndn ranne e A: 


Isolation and characterization of the 





human pulmonary surfactant 
| apoprotein gene — 
R Tyler White D Damm, J Miller, 


K Spratt, J Schilling, S Hawgood, 
B Benson & B Cordell 
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world’s foremost speakers at NATURE’s fifth international conference. 


Presented in conjunction with the University of California at San Francisco. 


OCTOBER 7, 8, 9, 1985-SHERATON-PALACE HOTEL 


SAN FRANCISCO, 


= The 1985 conference presented by NATURE, the 
international weekly journal of science, in association with 


< the University of California at San Francisco will address 


whatis perhaps the central unanswered question of biology 
today: How is the process of development directed by 


genes? 


For three days, you will meet and listen to preeminent scientists, 


c physicians and biotechnologists describe their research and 


first-hand involvement in experimental approaches involving the 
application of molecular biology to systems and organisms. 
co Topies will include the diagnosis and therapy of genetic defects, 

. homoeotic genes, yeast development, development of the 


-immune system—including T-cell receptors—and the use of new 
= Bblological materials in medicine and industry. Roundtable 


discussions will be held each afternoon to give delegates ample 
opportunity to mix with and question the speakers. Participants 
will have an opportunily to take part in detailed discussions and 


= present their own ideas. Poster presentations are also being 


invited. 
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-Senior Level Scientists, Medical Research Scientists, 

. -Biotechnologists, Scientific Pony Makers, R & D Scientists, 
Departmental Chairpeople. 
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LOCATION 
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-= convenient to the business and financial districts as well as 
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CALIFORNIA 


as seven U.S. presidents, Winston Churchill, Nikita Krushchev, 
Sarah Bernhardt, Enrico Caruso and Oscar Wilde. 


ROOM RESERVATIONS 

A large block of rooms has been set aside for attendees at 
preferred rates. However, we suggest you make your 
reservations early as delegate places and accommodations are 
filling fast. Rooms can be reserved directly with the 
Sheraton-Palace Hotel by calling 800-325-3535. Be sure to 
mention your participation in the NATURE 1985 Conference to 
qualify for special rates. Singles: $95. Doubles: $105 and $115. 


CMEs WILL BE AWARDED 

Extended Programs in Medical Education of the University of 
California School of Medicine in San Francisco designates this 
continuing medical education activity for 18 credit hours in 
Category 1 of the Physician's Recognition Award of the 
American Medical Association and the Certification Program of 
the California Medical Association. 


YOUR REGISTRATION FEE COULD BE TAX DEDUCTIBLE 


CONFERENCE DINNER 

Our gala Conference dinner will be held Tuesday, October 8, in 
the historic, glass-domed Garden Court. To insure seating, 
please include your dinner ticket requirements and payment of 
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EXHIBITS | 
A major exhibition of scientific products and services will be held 
in conjunction with the Conference. 
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To have your poster considered, please include a working title 
and brief synopsis of your topic and send to Posters Editor, 
Nature Publishing Company, 65 Bleecker Street, New York, 
10012 
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The PERPETUUM MOBILE is discovered 


Stefan Marinov 


THE THORNY WAY 
OF TRUTH 


Part Il 


Documents on the invention of the perpetuum 
mobile, on the centurial blindness of mankind, and 
on its frantic perseverance in it 


EST-OVEST 
Editrice internazionale 


1984 


WITH the aim of making clear the essence of the perpetuum 
mobile | have invented, I now describe it (fig. 1). The copper disk 
(1) is solid to the axle (3), the magnet (2) is stationary. When the 
axle is rotated, an electric current is induced in disk (1), and a 
potential appears between the axle (one of the electrodes) and the 
brush sliding on the disk’s rim (the other electrode); thus it 
represents the so-called Faraday unipolar D.C. generator. 

If electric potential is applied to those electrodes, the disk (1) 
rotates. Thus it also represents the so-called Barlow wheel. The 
copper disk (4) is solidly connected to the magnet (5) and the axle, 
and also represents a Faraday generator and a Barlow wheel. The 
crucial difference, however, between disks (1) and (4) is that, 
when working as generators, disk (1), called uncemented, has a 
braking effect but disk (4), called cemented, has not. Hence disk 
(4) produces electric energy for which no mechanical energy has to 
be paid. This is an experimental fact (see my book), but the 
scientific community covers it with silence and no physicist of the 
“establishment” dares to discuss it and to reject it in the press, 
backing up the rejection by experimental data. 

| cannot give an unappealable explanation for this strange 
phenomenon and I sustain it exclusively on experimental 
evidence, paying also a 100% credit to the reports of the 
constructors of the N-machines (see below). 

Theoretically motivated is my second, called ‘‘trick-track”’, 
perpetuum mobile (fig.2): Two concentric metal cylinders 
building a condenser with a big capacity can be connected either 
through the wire A’C (when they are charged by the battery) or 
through the wire A’BAC (when they are discharged). Due to the 
impulse caused by the unbalanced Biot-Savart forces of 
interaction (see beneath!), the whole system comes into a 








The first part of the collection of documents THE THORNY WAY 
OF TRUTH presented the fight of Stefan Marinov for the resto- 
ration of the absolute space-time concepts. The present second 
part gives the documented story on the invention of the first perpe- 
tuum mobile in the world and includes besides three Marinov's 
scientific papers also one of the Cuban physicist Francisco Muller 
(Miami, USA). As the documents show, the reaction of the »scienti- 
fic community« to the most important discovery in the history of 
mankind was exactly the same as it was to Marinov's historic expe- 
riments for revealing the absolute character of motion and to his 
absolute space-time theory (exposed in the encyclopaedic work 
CLASSICAL PHYSICS and in his first book EPPUR SI MUOVE). The 
functioning of the perpetuum mobile is possible just because of 
the absolute character of the electromagnetic interactions, of their 
local (point-to-point) character, as perceived by the German Gauss- 
Weber school, in a definite rebuttal of the field (closed lines) 
character, as perceived by the Saxon Faraday-Maxwell school, and 
because of the violation of the simple (mechanical) Newton's third 
law at the interaction of electric currents. 


THE THORNY WAY OF TRUTH II 


Stefan Marinov 


Price: $ 25 


clockwise rotation for which no energy has to be paid. If a 
generator driven by the system can cover the Ohmic and friction 
losses, the apparatus is a perpetuum mobile. The positive 
outcome of this experiment kills two other big birds: 1) It gives the 
first direct rejection of Ampere’s formula for the interaction of 
current elements. 2) It shows that Maxwell's displacement current 
is a pure speculative notion without any physical substance. 

Einstein and his epigones think that if a piece of wire and a 
magnet move fogether, then induction phenomena cannot 
appear. Now I shall show that this is not true. In such a case we 
have for the magnetic potential A in the wire dA/dt = OA/ot + 
(v.grad)A = 0, where (9A/3t)dt is the change of A at the 
laboratory space point crossed by the wire at the moment 
considered and, as v is the velocity of the wire, (v.grad)Adt is the 
change of A due to the motion of the wire. Taking rotation from 
the last equation, one obtains rotE mo = — rotE,,, where I denot- 
ed Emo = VX rotA and E,, = — @A/dt, calling Emo the mot- 
ional inductive electric intensity and E,, the transformer induct- 
ive electric intensity. On the grounds of Stokes’ theorem one 
concludes that along closed wires the induced motional and 
transformer electric potential differences are always equal and 
opposite and thus no induction current can flow. However, E mo 
may be different from -E,,, and along non closed wires induced 
electric potential differences can appear. Exactly this is the case of 
a copper disk (a radial wire) rotating with a cylindrical magnet. In 
this case E,, = 0, as A has circular symmetry, but E mo # 0 and 
putting sliding contacts Faraday generated electric current in 
1831. A childishly simple explanation but THE WHOLE 
WORLD IS BLIND. 


According to me, Einstein’s dogma that the velocity of light is 





isotropic in any inertial frame has caused to mankind only one 
millionth part of the damage which has caused his dogma that the 
physical phenomena depend on the relative velocities of the 
particles but not on their absolute velocities. It is true that the 
experimental rebuttal of the first dogma was done first in 1973 by 
my deviative ‘‘coupled mirrors” experiment (Czech. J. Phys., 
B24, 965; 1974), but the experimental rebuttal of the second 
dogma was done by Faraday in 1831 with his cemented disk. The 
power of nonsensical theoretical dogmas trumpeted by millions 
of duped teachers is so terrible that if one asks 1000 physicists and 
electroengineers whether disk 4 and magnet 5 can work as a 
generator and as a motor, 999 of them will answer negatively. 

In the documentary part of my book, I give information on the 
N-machines of Bruce de Palma (California), Kieninger (Texas), 
and so on, as well as on Newman’s (Louisiana) ‘‘impossible 
motor” (as labelled by Science, 223, 571; 1984). The N-machines 
represent Faraday disks cemented to their magnets. Newman 
keeps his machine secret, but from the information published in 
the press and from the letters of a friend of mine who visited him, I 
come to the conclusion that his apparatus may be a Faraday disk. 
However, none of these gentlemen has coupled a Faraday disk 
with a Barlow disk, and for this reason none of them could 
observe creation of energy out of nothing as I have done with my 
first apparatus shown in the photograph above. 

In the paper On the action and interaction of stationary 
currents, | show that the Biot-Savart forces acting on part of a 
current loop may be reactionless and consequently violate 
Newton’s third law. So they can set a solid body in rectilinear 
motion (as is the case with Ampere’s ‘‘floating bridge’’) or in 
rotation (as is the case with a Barlow disk solidly connected to its 
magnet). Indeed, in the second case the Biot-Savart forces 
originated by the elements of the “circular current” (imagine the 
magnet as a circular current) are applied perpendicularly to the 
elements of the “radial current” flowing through the disk and 
generate a rotational moment, while the Biot-Savart forces 
originated by the elements of the radial current are applied 
perpendicularly to the elements of the circular current and do not 
generate a rotational moment, as all of them point to the centre. 
There is the case where two persons solidly connected to a turn- 
table push one another with forces which are not equal and 
oppositely directed. Of course, the turn-table will begin to rotate 
due to the action of unbalanced ‘‘internal forces”, but two 
persons (in difference to streaming electrons!!!) always push one 
another with equal and oppositely directed forces. A childishly 
simple explanation, but THE WHOLE WORLD IS BLIND, as 
the old books explain the rotation by the magnetic action of the 
wires solid to the laboratory, while the new books are written as 
this experiment does not exist at all. 

In the paper Coup de grace to relativity and to something else | 
show that the fundamental Lorentz equation has the well-known 
form (called by me absolute) only in absolute space, but in the 
inertially moving laboratory it has another form (called by me 
relative). In Classical Physics | show that for this reason the 
elementary particles in a circular accelerator move with different 
velocities along the different segments of their trajectories (the 
laboratory velocity of the particles is v - (v?/c*) ¥cos(v,V), where 
v is their absolute velocity and V = 300 km/sec is the laboratory 
absolute velocity). 

In the same paper I give a new systematization of the D.C. 
machines. I call the Faraday and Barlow disks half polar (instead 
of unipolar) machines, because the radial rotating wires cover 


— @ 








only the half of the cylindrical pole and this pole has an 
irreversible character (see fig. 3): 1) The pole drives the radial 
current wires ab but cannot be driven by them. 2) When the wires 
ab rotate current is induced in them, but when the pole rotates 
current is not induced. (These effects are in a drastic contradiction 
with the relativistic concepts). I call the invented by me ‘‘bul-cub’”’ 
generators and motors (fig.3) one-and-a-half polar machines. In 
fig.3 an uneffective bul-cub machine is shown which can neither 
rotate nor generate current. I made it effective by making short- 
circuitage of the windings either between points pand q (p’ and q’) 
or between points p and p’ (q and q’). The bul-cub machines are 
the first in the world without collectors and commutation and (in 
difference to the half polar machines) can have an arbitrary 
number of windings. These D.C. machines will substitute the 
collector machines now in use because of many their advantages. | 
patented them and the licence is free for sale. My perpetua 
mobilia will not be patented and I grant them to humanity. 

I invented also the machines shown in fig.4, which I call 
unipolar. In difference to the bipolar machines, the sliding 
contacts of the former are not used for commutation but for 
“saltation” and D.C. flows always in their windings. All motors 
and generators known to humanity are electromagnetic 
machines, where a current wire interacts with a magnet. I 
established that the “ball-bearing” motor is the unique electric 
machine, as its torque is due to the “current-jet” effect, 
discovered by me, which consists in the following: the current 
conducting electrons transmit momentum to the wire when 
changing the direction of their velocity and set the wire in 
motion without losing energy. Coupling a “ball-bearing” motor, 
which has no back E.M.F., with a cemented Faraday disk, | 
constructed the perpetuum mobile CUREC (CURrent-jet 
Effect + Cemented faraday disk). As in my “coupled 
N-machine”, here again the generated tension at a certain rate 
of rotation was lower than the driving tension which has to 
maintain this rate, and thus the “circle of eternal rotation” could 
not be closed. To close this “circle” I need only some $5,000 to 
ameliorate the parameters of the machine. 

In the paper New measurement of the Earth’s absolute velocity 
with the help of the coupled shutters experiment, 1 give the 
account on the repetition of my Brussels (1979) experiment (Spec. 
Sci. Techn., 3, 57; 1980) in February 1984, when I registered the 
Earth’s absolute velocity of 360 km/sec with equatorial 
coordinates of the apex 6 = -24°, a = 12.5" (see the set-up in the 
photograph below). 

Those are the three papers rejected by Nature (311, 399; 1984). 
The ultimatum to the late Andropov with which I intended to 
liberate my Russian colleague Dr. Orlov (for whose release I have 
fought for since 1978) was not executed (self-immolation in front 
of the Soviet Embassy in Paris on the 16 January, 1984) as I failed 
to publish this ultimatum and stir the public opinion, although I 
tried to print it even as an advertisement. The “Ten Jena 
Commandments” which, following the example of Martin 
Luther, I hammered on the doors of the Jena University during 
the GR9 Conference, are published in the first volume of my 
Classical Physics and a photograph of the artistically executed 
poster is reproduced in Nature (293, p. xxix; 27 Sept. 1981). 

Orders for all my books: Eppur si muove, $25.00: Classical 
Physics, $125.00; Proceedings of ICSTA, $25.00: The thorn y way 
of truth Part 1, $25.00, and Part II, $25.00, can be sent to: 
STEFAN MARINOV 
Niederschécklstr. 62, A-8044 Graz, Austria. 
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The unacceptable face of nationalism 


Unless the fiercer manifestations of nationalism are subdued, European cooperation, in both politics 


and science, has no future. 


Tue proud image of France has taken a fearful battering in 
recent weeks, culminating in the public admission on Sunday by 
Prime Minister Laurent Fabius of the “bitter truth” that the 
French secret service, the DGSE, had sunk the Rainbow 
Warrior, flagship of the environmental organization 
Greenpeace, and moreover that the DGSE had acted “under 
orders”. Whose ,orders, it is not yet clear, and it must be 
uncertain in such tangled affairs whether even the parliamentary 
inquiry requested by M. Fabius will arrive at the final, 


unvarnished truth of the matter. As M. Fabius well knows, 


socialist members will wish to protect their government; and the 


right wing will protect the DGSE and the extreme nationalistic } 


sentiments it represents, along with the nuclear deterrant and 
the glory of France. In the secret service of any government, be 
it French, British, American or Soviet, truth and fiction are 
interchangeable at many levels. 

But above this noise, there is one clear signal: rampant 
nationalism has gone too far. Sentiments have been voiced and 
acted upon in France that raise “the nation” into the same kind 
of radiant divinity, bearing no relation to reality, that has 
motivated far worse crimes in human history than France’s 
single, unintended murder in Auckland — however abhorrent 
that crime might be. 

France, of course has long had a reputation for being strongly 
nationalistic — and not just among the British who seem to find 
the French strangely attached to their own language. Let us be 
clear immediately, post-war history shows that France is not 
alone ın its excessive pride — surely Britain and France together 
are the nationalists of Europé; both resting culturally on the 
laurels of empire — but it is France, for the moment, that has 
brought itself into the public eye. And France has been 


nationalistic not only to its nuclear weapons testing in the South . 


Pacific, and 1ts consequent attack on the Rainbow Warrior, but 
also in another area of its policy, that of European cooperation 
in research and technology. 


Eureka 


Thus Eureka, the French initiative in European cooperation 1n 
the development of new high technology products, while 
avowedly European, has been compromised by French attempts 
to dominate the programme. France, it seems, wishes to see a 
new Europe, provided it is led by France. How else is it possible 
to interpret the strong French effort at the first ministerial 
meeting on Eureka this spring to set up a Eureka secretariat in 
Paris, despite an avowed French intention that Eureka projects 
should have ad hoc management structures? Britain rejected the 
proposal How else can one interpret the French attitude to the 
European advanced fighter concept (the EFA), of which again 
France wished to have the lion’s share, and which France finally 
left to the rest of Europe to develop while its own manufacturers 
went their own way? 

How else, furthermore, can one interpret the mysterious 
French insistance that the European Commission shall not be 
involved in Eureka? Here the arguments are many, but it was 
clear from the beginning that Eureka had hijacked the whole 
spirit of the commission’s Esprit-programme in information 
technology, which had been brilliantly set up by the Belgian 
ex-commissioner Etienne Davignon. Yet it seemed many 


4 


months before French research minister Hubert Curien 
reluctantly admitted his debt. The European Commission feels 
“by-passed” by Eureka. The argument for this position is that 
the Commission is too slow and bureaucratic. But if this is so 1t ts 
often because the Council of Ministers — the representatives of 
the nation-states of Europe — tamper with Commission 
initiatives until they become too watered down, too late or too 
little (thus it was with biotechnology). What, then, will be 
different about Eureka? Will not the nationalistic sentiments 
that the European Community was precisely founded to calm, 

and which are so evident in the Greenpeace affair, get greater 
rein? 

Eureka proponents talk of “flexibility” and. “variable 
geometry” — which means different nations can participate in 
different projects, and that nations outside the EEC can join in 
But the former was already the case under Esprit, and the latter 
under many long-standing Commission programmes in the 
COST (cooperation in science and technology) umbrella. Why, 
then, is Eureka by-passing the European Commission? Is it 
realism? Or is it really.a nationalism which will threaten to 
fragment true cooperation? , 


Remedies 


We shall see how things turn out at the next ministerial meeting 
on Eureka in Hannover in November. And may they turn out . 


- well, for finally there is only one cure for excessive attention to 


the national interest, and that is the creation of an international 
interest. Thus only when more and more jobs, and with them 
political power and influence, begin to depend on true 
European collaboration, will a real Europe emerge and the old 
jingoisms subside. It is a thought that applies just as well to the 
North-South divide — and in particular to France and the South 


‘Pacific. There, President Mitterrand has warned that he will 


defend the French national interest in the weapons tests on 
Muroroa atoll “by force”, against a new Greenpeace flotilla now 
converging on the area. It might be better for French interests in 
the rapidly growing economy of the Pacific, and for world 
harmony, if he took a more pacific, and economic, line. 

But glory is France’s, and perhaps even America’s, 
constitutional dilemma. As George Orwell, the British socialist 
writer, once pointed out, the advantage of a constitutional 
monarchy 1s that it succeeds in separating the glory of kingship 
from the power of government. In France, de Gaulle’s 
presidential constitution combines both. It was once said — by a 
Frenchman — that France is a kingdom, but Britan a republic. 
And now that the survival of President Mitterrand’s presidency 
into its final two years is surely threatened by the Greenpeace 
affair, perhaps there is a chance for some constitutional 


‘amendment — not, of course, to restore a monarchy, but at least 


to reduce the glory of the presidency by reducing the term of 
office from seven years to the present five years the government 
enjoys. 

In the United States, it was the impeachment of President: 
Nixon over the Watergate affair, that moderated the glory of the 
presidency, and marked out the limits of its power; in France it 
may not be any Greenpeace investigation per se but a little 
constitutional amendment down the line that is what the doctor 
ordered. J. 0O 


276 


Strategic Defense Initiative 


NEWS 


Star wars criticized 
by OTA report 


Washington 

Tue US Congress’s Office of Technology 
Assessment (OTA) has added its voice to 
those critical of President Reagan’s 
Strategic Defense Initiative (SDI). In a 
major report published this week (Ballis- 
tic Missile Defense Technologies), OTA 
concludes that SDI offers an opportunity 
to increase ‘substantially US national 
security only if the research programme 
achieves “great technical success” and if 
the Soviet Union cooperates in a negoti- 
ated reduction of strategic nuclear 
weapons. On the other hand, SDI carries 
the risk that a vigorous anti-ballistic mis- 
sile research programme could lead to a 
race for both offensive and defensive 
arms, and a further risk that development 


Premature death? | 


Washington. 

Tue US Department of Defense (DoD) 
admitted last week that the scientific satel- 
lite destroyed two weeks ago in a successful 
anti-satellite test was not, as previously de- 
scribed, “obsolete”. The satellite was 
transmitting useful data on the solar coro- 
na up until the moment it was destroyed, 
according to Robert MacQueen of the High 
Altitude Observatory at the National Cen- 
ter for Atmospheric Research. 

The Air Force satellite, which is known 
as P78-1, was carrying four instruments, 
according to DoD: a coronograph, called 
“Solwind”’, which was still functional at the 
time of the test; an X-ray monitor, from 
which data returns were said to be “mar- 
ginal” due to degraded power supplies; an 
ultraviolet spectrograph and photometer, 
which was partly inoperable at the time of 
the test; and a solar X-ray instrument that 
had been inoperable for several months. 
DoD says P78-1 was chosen as a target 
because it had operational telemetry that 
allowed an independent test of when the 
anti-satellite destroyed it. The satellite had 
already exceeded its designed lifetime and 
ground support for the satellite was due to 
have been discontinued in 1987. 

MacQueen is not so dismissive of the 
value of P78-1. Data from the corono- 
graph, he says, were complementary to 
those obtained from the National Aeronau- 
tics and Space Adminstration’s Solar Max- 
imum satellite. 

DoD revealed details of P78-1’s func- 
tions only after written requests from the 
Washington Post. A spokesman denied 
there had been any inconsistency in the 
satellite’s characterization, saying “obso- 
lete” referred only to the suboptimal rate 
of data production. Tim Beardsley 


of a- “star wars” type defence without 
Soviet cooperation could create severe 
strategic instabilities. 

OTA says its report-is intended to illu- 
minate, rather than to adjudicate, the de- 
bate over star wars. The report critically 
examines the assumptions that lie behind 
many of the oft-quoted benefits — and 
dangers — of SDI, but necessarily stops 
short of providing firm answers to many of 
the questions raised. 

But OTA notes that although President 
Reagan’s original “star wars” speech of 
March 1983 referred to a means of render- 
ing nuclear weapons “impotent and obso- 
lete”, the administration seems now to 
accept OTA’s assessment that “assured 
survival of the US population appears im- 
possible to achieve if the Soviets are deter- 
mined to deny it to us”. However, OTA 
grants that strategic defences might be 
plausible for limited purposes such as the 
defence of missile silos or to complicate of 
enemy attack plans. 

Although many of OTA’s conclusions 
are framed in cautious language, there is 
no doubt that it will be hailed by oppo- 
nents of SDI as a vindication of their posi- 
tion. More recent pronouncements by 
President Reagan on SDI have- empha- 


‘sized its usefulness as a means of persuad- 


ing the Soviet Union to negotiaté seriously 
over reducing nuclear arms: OTA says, 
however, that it is “unable to find anyone 
who could propose a plausible agreement 
for offensive arms reductions and a coop- 
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erative transition that could be reached 

before both the Soviets and the United 
States learn more about the likely effec- 
tiveness and costs of advanced ballistic 
missile defences . . . such a transition 
could hardly be planned until engineering 
development was well advanced on the 
actual defensive systems to be deployed. 

Even then, verification. would be diffi- 
cult”. 

The essence of the problem, according 
to OTA, is whether a vigorous US re- 
search programme, with the prospect that 
both sides might eventually deploy a de- 
fensive system, would make the Soviet 
Union more willing to negotiate deep re- 
ductions in offensive weapons. If no 
agreement could be reached deployment 
could trigger a further build up of 
weapons. Commenting on the OTA study 


this week, chairman Les Aspin of the 


House of Representatives Armed Ser- 
vices Committee said that “even if both 
the United States and the Soviet Union 
have a strategic defence system, the world 
could end up less safe than now”. Aspin 
pointed out that although SDI might allow 
a proportion of US strategic defences to 
survive a Soviet first strike, its usefulness 


‘would be open to question if the Soviet 


Union also had a defensive system. 

OTA has also ‘just published an assess- 
ment of anti-satellite weapons (Antisatel- 
lite Weapons, Countermeasures, and Arms 
Control). It concludes that while arms 
control might reduce the threat from 


Soviet anti-satellite weapons, decisions to 


deploy such weapons should wait until the 
administration decides whether to go 
ahead with an anti-missile system, since 
any plausible anti-missile system would 
also have excellent anti-satellite potential. 
Tim Beardsley 





Aspects of the Mexican earthquake 


Time: 13:17:45.4 UTC; hypocentre: 
18.1°N, 102.3°W; (M,): 7.8. These are the 
hard facts from the US Geological Survey 
about the earthquake that devastated 
Mexico City on 19 September. The main 
earthquake was followed the next day by 
an: aftershock with M,=7.3, with a 
hypocentre at 18.0°N, 101.5°W. This is 
towards the upper end of severity of ex- 
pected aftershocks, according to the Brit- 


-ish Geological Survey (BGS). A further ' 


minor aftershock occurred on 23 Septem- 
ber at 0945 UTC with M,=4.0, and there 
will be thousands of tremors below detec- 
tion limits. 

The hypocentres of both major shocks 
lie tens of kilometres landward of the 
trench where the Cocos plate (essentially 
a breakaway piece of the Pacific) is-being 
subducted under the North American 
continental plate. They are both reported 
as “depth normal”, that is, the epicentre is 


‘nominally at 33-km depth, ‘though the 


concept of a centre is not very meaningful 
for such large earthquakes. Records at the 


International Seismological Centre at 
Newbury, UK, show a lot of energy at 
long periods, which implies that the seis- 
mic moment was high The moment is a 
more direct measure of the total energy 
involved in an earthquake than is the mag- - 
nitude, as it takes into account not only 
the displacement, but also the rigidity and 
the fault area. For this earthquake, the 
fault is likely to be quite large and may 
have broken the surface, says BGS. 

The disproportionate destruction of 
Mexico City happened because the city 
stands on a thick pile of unconsolidated 
Quaternary lake sediments and volcanic 
ashes deposited in an intermontane basin. 
The region is effectively a continuation of 
the Basin and Range tectonic province of 
California, whereas the coastal area is 
composed of older, harder rock. The soft 
lake sediments have a lower acoustic im- 
pedance than the underlying rocks, the 
effect of which is to increase the amplitude ` 
of the displacements for the same amount 
of energy. Peter Gambles 
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Dutch budget 


Waalre, The Netherlands 


INTERNATIONAL cooperation, including 
full support for Eureka, the European 
high-technology research programme in- 
itiated by France in April, forms a major 
plank of the Dutch government’s science 
budget, presented to parliament last week 
by education and sciences minister Wim 
Deetman. Rumours of coolness towards 
Eureka were discounted by Deetman, 
who says that Eureka ıs an important in- 
itiative on the road to the “Technological 
Europe” envisaged by Prime Minister 
Ruud Lubbers when speaking at the Euro- 
pean summit in April. 

This enthusiasm for the European tech- 
nological cause is likely to be continued 
when the Netherlands takes its turn at 
EEC chairmanship beginning in, January 
1986. The-Dutch themselves now claim to 
be doing 1 per cent of the world’s re- 
search, and Eureka, together with Euro- 
pean Community programmes such as 
Esprit, BRITE and RACE, is seen as a 
logical step towards maintaining the coun- 
try’s research base. 

The Dutch government feels, however, 
that Eureka should be broadened out to 
include countries outside the European 
Community, but that some link should 
also be made with the European Commis- 


sion in Brussels. The Dutch science minis-- 


ter will be discussing Eureka with French 
minister M. Hubert Curien when they 


NEWS — 


Eureka needs to grow 


meet in Germany next month. The Dutch 
view is that if ıt ıs to be worthwhile, Eureka 


should be flexible enough to include basic 
research and complex, ambitious projects 
that might otherwise go unsupported. 

In the science budget, it is announced 
that the Dutch are to take part in research 
in Antarctica, probably in a joint venture 
with West Germany. The Netherlands is 
also likely to be a partner (through the 
European Science Foundation) ın the 
Ocean Drillmg Program. The year-long 
oceanographic expedition to Indonesia is 
described as a success, and the scientific 
results will be discussed at an international 
symposium to be held in Jakarta in 1987. 


Further bilateral projects, in cooperation 


with India and China, should start soon. 

In the Netherlands itself, Deetman is to 
set in motion a study of Dutch science 
policy intended “to seek especially the 
weak points”, 

The total science budget is 8,200 million 
guilders, 4,000 million of which comes 
from government sources. The rest comes 
from industry, mainly the Dutch-based 
multinationals suchas Philips and Shell. 
Expressed as a percentage of gross nation- 
al product, science spending for 1985-86 is 
to be 2.13 per cent, compared with 2.10 
per cent in 1984-85. The government’s 
share of this is remaining constant, at 0.96 
per cent for both years. 

Caspar Schuuring 


A magnet for the Supercollider 


Washington 
Tue central design group of the proposed 
Superconducting Supercollider (SSC) last 
week announced its choice of magnet de- 
sign for the accelerator. It will be the high- 
field (6 tesla) cos 8 type, which was chosen 
over the competing 3-tesla superferric de- 
sign. A special magnet selection panel 
appointed to advise the design group con- 
cluded that “the hope of two years ago that 
the superferric magnet would provide a 
less costly SSC has not come true”’.. 

The superconducting magnets represent 
a major fraction of the total cost of SSC, 
currently estimated at about $3,000 mil- 
lion. Superferric magnets, which have for 
the past 18 months been under intensive 
development at the Texas Accelerator Cen- 
ter, would at $400 million be substantially 
cheaper than high-field magnets, esti- 
mated to cost $1,000. million. But if SSC 
used superferric magnets the tunnel would 
need to be 100 miles in circumference, 
compared with just 60 miles with high-field 
cos 0 magnets. The extra tunnelling cost 
associated with the superferric design was 
a major factor against it; in addition, the 


panel concluded that substantially more. 


development work remained to be done on 
superferric designs than on the cos 0 


magnets, which are used in all accelerators 
in operation or under construction. 

Peter McIntyre of Texas Accelerator 
Center, who has devoted much of the past 
two years to working on the losing design, 
is unrepentant. He remains convinced that 
superferric magnets would still lead to a 
cheaper SSC if a site was chosen where 
tunnelling costs were low; six such sites 
have been identified in Texas and there are 
others in many states, says McIntyre. He 
will continue to perfect the superferric de- 
sign for other applications’ while simul- 
taneously working on high-field magnet 
development for SSC. The successful high- 
field design is the result of work at Fermi- 
lab, Brookhaven National Laboratory and 
Lawrence Berkeley National Laboratory. 

The Department of Energy, which 
would foot the bill for SSC if it is ever built, 
has still made no formal commitment to the 
plan. A final decision will be made after a 
construction plan has been drawn up next 
spring, when more reliable cost estimates 
should be available. The latest guess is that 
the department will back the proposal if 
the likely cost is in the region of $3,000 
million, but that it will be obliged to drop 
the idea if SSC cannot be built for less than 
$4,000-$6,000 million. Tim Beardsley 
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Polish agriculture 


Fight for control 
of peasant aid | 


POLAND’s controversial “Agricultural 
Foundation”, established under church 
patronage to assist the recovery of private 
agriculture (see Nature 313, p. 5; 1985) 
moved a few steps closer to reality last 
week, ‘when the Polish government 
waived its objection to church control of - 
the fund. To save face, however, the gov- 
ernment has said “no Polish citizen” may 
contribute to the fund. This 1s clearly a 
direct affront to Lech Walesa, who had 
pledged his winnings from the 1983 Nobel 
Peace Prize to the fund. 

The church-sponsored team, headed by 
Dr Andrzej Stelmachowski of Warsaw 
University’s law department, has spon- 
sored a major research programme into 
Poland’s agricultural needs and capabili- 
ties: Funds have been collected mainly in 
the United States and West Germany, 
and, says the church side, sufficient re- 
serves were available in April to launch a 
pilot project during 1985. The govern- 
ment side, however, has consistently inti- 
mated that in its opinion insufficient 
money was yet available even to inaugu- 
rate a pilot scheme. It pressed, moreover, 
for the money to be placed under the con- 
trol of the Ministry of Agriculture. 

By mid-August, Cardinal Josef Glemp 
had clearly reached breaking point. In an 
interview with the Austrian daily news- 
paper Kurier, he stated that the scheme 
had “failed” because the government 
could not permit an independent group to 
become strong. He followed this up, two 
weeks ago, by telling the church nego- 
tiators that if the government did not relax 
its attitude, the church would have to can- 
cel the whole scheme and would let the 
foreign donors know who was responsi- 
ble. The Cardinal’s remarks were relayed 
to the-government, which then waived its 
demands for, Ministry control over the 
funds and agreed to try and sort out the 
remaining major problem —- whether 
agricultural equipment imported under 
the scheme would be liable to import duty. 

Uniquely in the socialist bloc, some 75 
per cent of all Polish land is in private 
hands, mostly in tiny peasant small- 
holdings. The private agricultural sector 
suffered considerably from pricing disin- 
centives under the Gomulka and Gierek 
regimes and, although the security of te- 
nure won during the Solidarity era gave 
the farmers the incentive to improve their 
holdings and adopt more modern agri- 
cultural practices, so far they have not had 
the resources. The Agricultural Founda- 
tion was designed to supply those re- 
sources, but so far the government has 
blocked their arrival. Last week’s conces- 
sions may be genuine, or just related to 
the 13 October election to the Sejm (par- 
liament). Vera Rich 
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Technology poaching 


NEWS 


US haunts for Soviet spies 


Washington 


THe Soviet Union has judged data 
obtained at Western scientific conferences 
to be “among the most significant” 
sources of information for its military de- 
velopment, according to a detailed assess- 
ment of West—East technology transfer 
published last week by the US govern- 
ment. The US report lists specific scien- 
tific societies and US universities that 
have been targeted by the Soviet Union 
for efforts to acquire research results with 
military applications. 

Announcing publication of the report, 
Richard Perle, Assistant Secretary of De- 
fense for International Security Policy and 
a known hardliner on technology transfer, 
said he hoped to “sensitize the scientific 
and technical community to the fact that 
there 1s a very large and well-organized 


Soviet apparatus that has targeted scien- |. 


tists and engineers and universities and 
the like for military purposes”. 

The report identifies two main compo- 
nents of the Soviet technology acquisition 
effort: one, managed by the Military In- 
dustrial Commission (VPK), seeks blue- 
prints and one-off military and dual-use 
hardware samples for reverse engineer- 
ing; the other, managed by the Ministry of 
Foreign Trade, seeks high-technology 
manufacturing and test equipment in bulk 
for direct use. An appendix to the report 
lists several hundred weapons that are 
claimed to have benefited directly. About 
90 per cent of the documents acquired by 
VPK in the United States are not subject 
to security classification, however, and 


Perle made plain his wish to see more 
militarily sensitive documents classified. 
At least 35 scientific conferences world- 
wide were identified by VPK as sources of 
specific information during the late 1970s, 


according to the report. The more impor-" 


tant include an international radar confer- 
ence, a conference on integrated optics 
and a conference on aerospace and elec- 
tronics systems held by the Institute of 
Electrical and Electronic Engineers. Uni- 
versities selected for special attention 
from VPK’s operatives include Carnegie- 
Mellon, Cincinnatti, Harvard, Mas- 
sachusetts Institute of Technology and 
California Institute of Technology. Liber- 
al publication policies of the National 
Aeronautics and Space Administration 
are blamed for having led directly to iden- 
tifiable Soviet gains in aircraft design. 
According to some speculations, pub- 
lication of the US report, prepared by the 
inter-agency Technology Transfer Intelli- 
gence Committee to update a 1982 assess- 
ment, was a result of the recent spate of 
spies defecting or being arrested. Perle 
seemed to hint as much when he said that 
circumstances that previously precluded 
publication of this amount of detail no 
longer applied. Some critics contend, 
however, that the timing of publication 
represents an attempt to catch up in the 
propaganda battle with the Soviet Union 
leading up to the Geneva summit in 
November. Tim Beardsley 
“Soviet Acquisition of Muiltarily Significant 


Western Technology’ An Update” is available 
from the US Department of Defense. 





Rebellion among the ranks 


Washington 

Tue presidents of twelve major scientific 
and engineering societies last week in- 
formed Secretary of Defense Caspar 
Weinberger that their organizations would 
have nothing to do with the Pentagon’s new 
policy of imposing restrictions on access at 
certain unclassified conferences. The 
societies pledged that they “will not be re- 
sponsible for, nor will they sponsor, closed 


or restricted access technical sessions at’ 


meetings or conferences conducted under 
their auspices”. 

The strongly worded letter is a major 
setback for the Pentagon’s efforts to stem 
the flow of technical information to 
Eastern-bloc countries. Earlier this year 
the Pentagon let it be known it intended to 
make routine use of export control laws to 
restrict foreigners’ access to scientific and 
technical data which, although not subject 
to national security classification, might be 
of mililtary significance. Such “export 
controlled sessions” are restricted to US 
nationals and to foreigners who are 
validated by their embassies; participants 
must undertake to keep the restricted in- 


{ 


t 


formation confidential. Export controls 
are applied only to research that is not 
considered “fundamental”. 

In their letter to Weinberger, the twelve 
society presidents say that the new controls 
have the effect of placing the controlled 
information de facto into a new category of 
classification. By limiting opportunities for 
peer review and open discussion of re- 
search, the presidents say, the restrictions 
are counterproductive and detrimental to 
national security. 

Earlier this year the Department of 
Defense (DoD) caused a furore at a con- 
ference of the Society of Photo-Optical 
Instrumentation Engineers by imposing 
export controls at short notice, causing the 
conference to be entirely re-scheduled. 
Later, DoD declared itself happy with the 
idea of export-controlled sessions for ‘“‘non- 
fundamental” data, which it saw as a more 
flexible alternative to security classifica- 
tion. Others, apparently, were not so 
happy; among the signatories of last 
week’s letter is Lewis Larmore, president 
of the Society of Photo-Optical Instru- 
mentation Engineers. Tim Beardsley 
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Nuclear war 
More gloomy 
forecasts 


Washington 

IMMEDIATE casualties resulting from a 
nuclear war, the subsequent short- and 
long-term physiological effects, and the 
long-term consequences to ecosystems 
have probably all been underestimated by 
the predictions in current use. But esti- 
mates are subject to gross uncertainties 
that can only be reduced by more research 
on the “biological effects” of a nuclear 
war. Much should be done by the US and 
Soviet governments to fund such research 
and to inform the public of the effects. 
These are the main conclusions at this 
week’s meeting of the Institute of Medi- 
cine (loM) at the National Academy of 
Sciences. 

According to Dr Theodore Postel of 
Stanford University, a hypothetical attack 
of 100 one-megaton bombs on 100 US 
urban centres would cause 36-56 million 
immediate deaths, two to four times the 
number predicted by government studies 
based on blast effects alone. A one- 
megaton nuclear weapon can produce a 
fireball with a temperature of about 100 
million °C at the centre, causing many 
simultaneous fires over hundreds of 
kilometres and hurricane-force winds. 
This fiery environment, together with the 
toxic smoke and combustion of gases, ren- 
ders obsolete the “blast scaling” method 
of estimating the effects of a nuclear ex- 
plosion used by government agencies. 

One startling prediction of Postel’s new 
“conflagration” model is that a major 
attack on US strategic nuclear targets 
would result in 16-35 million deaths and 
9-41 million casualties even before the 
effects of fallout and damage to environ- 
mental and social systems are considered. 
These figures, from Dr Frank von Hippel 
and colleagues of Princeton University, 
are the outcome of the first calculations to 
have used computerized wind, target and 
population data bases apart from govern- 
ment studies, which are mainly classified 

The effects of toxic chemicals caused, 
for example, by burning of industrial plas- 
tics, is likely to have severe local conse- 
quences. Lofting of nitrogen oxides into 
the stratosphere would deplete the ozone 
layer, leading to increased ultraviolet 
radiation. Gases such as ammonia and 
methane could accumulate in the heavily 
polluted troposphere during periods of 
darkness. 

Dr Frank Press, president of the 
National Academy of Science, summed 
up the general mood when he said that the 
“profundity of the consequences of nuc- 
lear war are such that symposia such as 
this . . . (provide a) most valuable public 
service”. Dr Herbert Abrams of Stanford 
University called for more information to 
be provided by the US government for 
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public education and for a strengthening 
of screening tests to-armed forces person- 
nel because more than 5,000 personnel a 
year are removed from nuclear weapons 
handling duty because of drug abuse, alco- 
holism or psychological problems. The 
problem is likely also to be large in the 
Soviet Union,, where alcoholism is a 
_ health problem of “epidemic propor- 
tions”, he said. 

The reluctance of the United States to 
consider the “biological” effects of nuc- 
lear war has been criticized by Dr Carl 
Sagan of Cornell University Although 
the government in theory is providing $50 
million over 5 years to investigate the 
physical effects, no money is spent on 
biological research One of the first stu- 
dies on the ecological effects of a nuclear 
winter-like environment on plants-is plan- 
ned by Lawrence Livermore National 
Laboratory and the University of Wiscon- 
sin. But Dr Lynn Anspaugh of the former 
institute stressed the need for consider- 
able resources to produce and continuous- 
ly update an interactive model. 

Maxine Clarke 
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Tsukuba Expo strikes camp 


Tokyo 
THe Tsukuba International Exposition, 


-Japan’s great high-technology extrava- 


ganza, has now closed its gates, having 
just Squeezed past its self-declared target 
of 20 million visitors in its six-month run. 
Approximately one-sixth of the entire 
population of Japan — 20, 334, 727 people 
— made the effort to go and see the won- 
ders that science has in store for them (see 
Nature 314, 213-220; 1985). 

‘In setting the 20 million goal the Expo 
planners, with no experience of how 
popular the science theme might prove, 
took the view that the theme probably did 
not matter too much: it was simply 
assumed that attendance would be prop- 
ortional to the size of the site. The 1970 
Expo held near Osaka attracted 60 million 
visitors, so the Tsukuba Expo, on a site 
just one-third of its size, should attract 20 
million. 

Cynics might say that it is no wonder 





UK atomic energy 


Business not as usual 


“WE'RE not just bench R&D; we have to 
be building things, getting things work- 
ing”. With this attitude the UK Atomic 
Energy Authority (UKAEA) moves into 
the final stages of negotiation over its 
reorganization into a trading fund, a 
change due to take effect at the start of its 
financial year in April 1986. 

As chairman Arnold Allen announced 
at the presentation of the UKAEA annual 
report last week, trading fund status en- 
tails being run “as far as possible under the 
conditions of a normal commercial busi- 
ness” with payment for contracted work 
performance targets. Moreover, there will 
be an end to reliance on government 
grants to balance the books; this year 
UKAEA spent £399.7 million (up from 
£380 million) and was paid £174.4 million 
for its services (up from £169.6 million) 
with the difference provided by par- 
liamentary vote. Remaining questions 
centre on “the precise financial regime” 
within which UKAEA will operate — the 
initial capital debt, borrowing ceiling and 
financing of basic research. 

Contracts are an index of the authority’s 
ability to get things working, according to 
Mr Allen. Those given to UKAEA com- 
prise both nuclear contracts, including the 
supply of fuel and reactor insulation test- 
ing for the overseas market; and non- 
nuclear contracts, 13 per cent of UKAEA 
activity, which generated £30 million last 
year (up £2 million). Contracts worth £60 
million were placed last year by the 
UKAEA Northern Division. 

The authority’ s commitment to breeder 
reactors is evinced by its recent acquisition 
of a 49 per cent shareholding in Fast 


Reactor Technology (Fastec), a company 
set up to explore the commercial exploita- 
tion of the technology. The remaining 
shares are owned by National Nuclear 
Corporation. Fastec’s prospects look part- 
icularly good because fast breeder react- 
ors seem set to be less expensive than was 
assumed three years ago. The capital costs 
alone, said Dr Tom Marsham, a UKAEA 
board member, could be 20 per cent less 
than originally forecast. After start-up 
costs, the reactors are predicted to 
become “broadly competitive” with other 
sources of electricity. 

UKAEA’s research into fast reactor 
technology, centred at the Dounreay 
facility in Caithness, is now reaching fever 
pitch. Both the government and the au- 
thority hope that Dounreay will receive 
the European reactor club’s nod of 
approval to reprocess spent plutonium 
from the demonstration reactors in France 
and West Germany. Britain’s strongest 
case lies in its experience with reprocess- 
ing technology, one example of which is 
the £650,000 “pulsed column” rig at 
Dounreay for solvent extraction, said to 
be the largest sealed glovebox in the 
world. 

Planning permission would have to 
come first and the Scottish Secretary, Mr 
George Younger, -echoed the need for 
haste by limiting the inquiry, planned for 
early next year, to local issues According 
to.Dr David Locke of the Northern Divi- 
sion, an environmental assessment will be 
presented at the inquiry; but en- 
vironmentalists see the move as preempt- 
ing any concern besides that of the 
UKAEA tostayontop Elizabeth Collins 


that attendance turned out to be pro- 
portional to the size of the site — it was 
simply a matter of the physical limits of 
how many people can be packed into one 
space. But there may be a better explana- 
tion for why the 20 million goal was 
reached so neatly. Expo organizers knew 
they might otherwise come out in the red 
and in the past few weeks public enthu- 
siasm has been whipped up with feverish 


| campaigns. In a tremendous closing rally, 


one-third of a million people turned up on 
Sunday, breaking all previous records and 
pushing attendance to the 20 million 
mark. 

For the Expo organizers, the atten- 
dance figures mean that they may end up 
with around Y1,000 million (US $4 mil- 
lion) in profits, which 1s not so bad. Things 
have not been so profitable, however, for 
the hundreds of small shops set up in the 
Expo grounds to sell souvenirs and food. 
Many have lost- money heavily. Angry 
shopholders blame poor siting and bad 
organization, some are refusing to pay 
their rent and others are taking legal ac- 
tion. 

The Expo’s biggest hit was Fujitsu’s 
three-dimensional computer-generated 
film which included an astonishing se- 
quence of a DNA molecule being wound 
and rewound and packed into a chromo- 
some. The theatre was completely full for 
almost every showing throughout the 
whole run. Biggest attendance figures of 
all were claimed by the Matsushita pavi- 
lion with more than five million visitors 
coming to see the portrait-drawing robot, 
which numbered Prime Minister Naka- 
sone among its sitters. 

Many foreign visitors were dis- 
appointed that there was so little sub- 
stance to the Expo and so much spectacle; 
its alm sometimes seemed to be merely to - 
accustom the Japanese people to a:high- 
tech future whose coming had already 
been decided for them. But not only for- 
eigners were critical: a group with con- 
siderable distrust of the intentions of the 
commercial electronics makers whose 
pavilions dominated the Expo launched 
their own alternative “AXPO 85” ona site 
nearby. 

The Expo site is now to be cleared of its 
accumulated pyramids, cones, spheres 
and other fantastic structures in order to 
be turned into an industrial park. But 
some bits of the Expo will live on. The 
Chinese government is rumoured to be 
interested in buying some of the high-tech 
exhibits for a fair that will give the Chinese 
people a vision of what they are striving 
for. The Volvo articulated double shuttle 
buses are to go to Australia. And the Fuyo 
theatre’s robots are likely to be bound for 
Disneyland in Florida. There, no doubt, 
they will feel much happier than they ever 
were atascience Expo. Alun Anderson 
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NEWS 


And after Superphénix? 


SUPERPHENIX, the European commercial- 
scale fast breeder reactor — and the 
world’s largest — at Creys-Malville in 
southern France, is completing the load- 
ing of its plutonium core this week, after 
“going critical” for the first time on 7 
September. 

All has gone “very well” with low- 
power performance tests so far, according 
to the international agency NERSA that 
constructed the reactor, despite problems 
_ earlier this year with vibrations in the 
primary sodium cooling circuit (see 
Nature 315, p.269; 1985). The vibrations 
were “purely hydrodynamic”, and were 
solved by a slight diversion of sodium flow 
within the core, an operation which set the 
Superphénix programme back by only 
three weeks, says NERSA. 

Tests in the past two weeks have mea- 
sured neutron spectra at a reactor thermal 
power of only 1 MW, and tested the op- 
eration of the control rod system, and all is 
now deemed well for a full loading of the 
core. Superphénix is due to be connected 
to the national grid at 20-30 per cent of its 
design 1,200-MW electrical power in 
January 1986, and to be brought up to full 
power by the spring This will make Su- 
perphénix the world’s most powerful fast 
reactor, followed by the Soviet Union’s 
BN-600 (550 MW) which first produced 
power in 1980, and West Germany’s SNR- 
300 (300 MW) which is due to go critical 
next year. 

The next question in Europe will be 
what should follow Superphénix. Should 
it be Superphénix II, also in France? A 
French design for a 1,500-MW version 
which would be 40 per cent cheaper than 
Superphénix I is ready, and according to 
the French atomic energy agency (CEA) it 
would be possible to begin construction in 
1987. According to the 1973 treaty be- 
tween France, Italy, West Germany, the 
Netherlands and Belgium under which Su- 
perphémix I was constructed, West Ger- 
many should pay the lion’s share of a 
second fast breeder, but now it seems that 
the French design is most favoured — and 
thus CEA would like to renegotiate the 
1973 terms. 

According to CEA, Superphénix IIT — 
or “project 1500” as it is now called — 
would shave costs by eliminating the con- 
tainment vessel (because the previously 
“maximum credible accident”, a catas- 
trophic fast meltdown, is now considered 
“incredible”), and by large reductions in 
the length of the costly stainless steel cool- 
ing system. 

As for the cost of Superphénix I itself, 
this was — according to NERSA — some 
FF 9,300 million (1977 prices), or around 
£1,000 million, excluding interest charges. 
This was partitioned 51 per cent to the 
French national utility, Electricité de 
France (EDF), 33 per cent to Italy, and 16 


| per cent to West Germany, the Nether- 


lands, and Belgium. Each country will re- 
ceive electricity from Superphénix in 
proportion to its stake, and according to 
EDF this will make Superphén1x electric- 
ity about 2-2.2 times the price of that 
available from its existing pressurized wa- 
ter reactors. This will, however, only 
match the cost from the (admittedly ex- 
pensive) EDF coal-fired plants, says 
EDF. The utility last week, however, re- 
fused to quote a capital cost for Superphé- 
nix, saying that “we are computing the 
cost” and that it was “too soon and deli- 
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cate” to be definitive. 

Nevertheless, EDF is interested in fu- 
ture fast breeders “as a protection against 
a crisis in the uranium market”. Uranium 
prices are now depressed, supply being 
much greater than the demand as the ex- 
pansion in world nuclear power produc- 
tron predicted ın the early 1970s and acted 
upon by uranium prospectors has simply 
not taken place. However, this could 
change in “10, 15, 20, even 5 years”, EDF 
speculate: thus there is a strategic need to 
preserve the fast breeder option. The 
breeder would be economic competition 
for pressurized water reactors only if the 
uranium price was to increase 10-fold, 
however, EDF believes. 

Robert Walgate 





UK plant breeding research 


In search of green thumbs 


“ANYONE who takes the profits out of a 
plant breeding programme instead of put- 
ting them back in is not a plant breeder”. 
By that definition the UK government has 
no green thumb: it has taken more profits 
out of the Plant Breeding Institute at 
Cambridge (PBI) than it has returned in 
financial support. Cuts in government 
support, which in 1986-87 alone amount 
to a shortfall of £180,000, have resulted in 
the internationally known institute for the 
first time in its history searching for 
private funds to support breeding pro- 
grammes. 

The search has been successful for triti- 
cale, a cross between wheat and rye which 
is used primarily for animal feed and 
grows well on marginal land. Given the 
grain surplus in the European Commun- 
ity, says Dr Peter Day, Director of PBI, 
these attributes also meant that the triti- 
cale programme was marked as one whose 
loss would “hurt least”. Financial support 
for the programme will now be provided 
by Semundo, a plant breeding and seeds 
company with European breeding facil- 
ties and a UK branch primarily concerned 
with marketing. Semundo, says its general 
manager Christopher Green, sees “no 
limit to where the grain can be used”; its 
potential makes the risk of £600,000 over 
five years a good investment. 

In return for its support, Semundo re- 
ceives marketing rights to any new variety 
of triticale that is developed in the prog- 
ramme. The company can back out of the 
arrangement or move the programme 
away from PBI in five years, but neither 
possibility is likely. Semundo recognizes 
that plant breeding cannot bea short-term 
speculation, and it values the “technical 
excellence of the institute”. : 

The long view necessary for plant 
breeding is exemplified in Dr Richard 
Gregory, who has led PBI’s triticale prog- 
ramme since its beginning in 1970. The 
result so far is three varieties of triticale 
with plant breeder’s rights (which means 
royalties are received on the seed), three 


in second-year testing and two in first-year 
testing. Only this autumn will the first of 
the varieties be harvested for the seed 
trade. 

While ıt was government funded, says 
Dr Gregory, the triticale programme 
tested its varieties only in Britain, thus 
choosing characteristics appropriate to 
the UK climate. Semundo involvement 
will encourage testing elsewhere in Europe 
and selection for hardiness and resistance 
to snow mould. A danger of too much 
private support, warns Gregory, is the loss 
of free exchange: competing companies 
would be unlikely to allow exchange of 
information or breeding material 

Since the announcement of cuts of £10 
million each in the 1986-87 and 1987-88 
Agricultural and Food Research Council 
(AFRC) budgets, the role of private com- 
panies in Bntain’s breeding programmes 
has been much debated. 

One option now being considered is 
amalgamation of the 28 research institutes 
controlled by AFRC into a smaller num- 
ber. Another option is to merge and priva- 
tize PBI with the National Seed Develop- 
ment Organization (NSDO), the market- 
ing arm of government-funded plant 
breeding (see Nature 314, p. 2; 1985). Af- 
ter all, supporters point out, NSDO re- 
turned £2 million to the Treasury in its last 
financial year and 79 per cent of those 
profits come from PBI varieties. If NSDO 
alone were privatized (another proposed 
idea), it would be severed from its life 
source, “twitch for a while and then lie 
still”. 

Mr Derek Garner, Chief Executive of 
NSDO, says that merging NSDO and PBI 
“looks as though it could be done” but he 
sees no governmental moves ın that direc- 
tion Without that direct a funnelling of 
profits generated by PBI back into its 
breeding programme, the future of the 
institute, according to Dr Day, willrely on 
gaining support “from a wide base of pri- 
vate sector structures”. 

Elizabeth Collins 
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The AIDS panic 


—Str—Public pressure for protective mea- 
sures against acquired immune deficiency 


o- syndrome (AIDS) is only now starting to 
-=i surface’. Perhaps the greatest danger now 
-ds that the dramatic change in public atti- 


tudes towards the disease will have con- 
sequences more devastating than the syn- 
drome itself. Growing demands for pro- 
tection will force governments to adopt 
measures which. to be effective. may 
undermine the foundations of Western 
society, to the extent that they lead to 
segregation of the infected population. 
not only blood donors’. The US army has 
already made a pioneering decision in that 
direction’. 

A computerized listing of all seroposi- 
tives used as a new basis for discrimination 
- and eventual segregation of the potential 
viral carriers is not a fictitious danger. It ts 
the logical outcome of the development of 
a fear for which the AIDS virus ts less 
responsible than scientists and journalists. 
After accusing the sexual minority, re- 
jected since biblical times by the prevalent 
religions, the authors of the sensational 
will now stress the number of victims’ and 
emphasize the hope for a vaccine (R. Gal- 
lo quoted in Le Monde’), while the scien- 
tists, having exhausted the immuno- 
suppressive properties of sperm, seminal 
fluid and homosexuality, now predict the 
danger of a lethal pandemic within the 
next 15-25 years’, forgetting that African 
AIDS, although appearing in 1970, has 
not fulfilled even part of the prophecy. 
The reasoning has been so simple as to 
appear flawless, as is always the danger 
with inductive science. A mere extrapola- 
tion from preliminary epidemiological 
data or other animal lentiviral diseases is 
sufficient to predict a pandemic in the 21st 
century, in the same simplistic way that for 
two years homosexuality was believed to 
be the cause of the syndrome, since AIDS 
was predominant in the homosexual 
population. The infectious agent hypoth- 
esis was then considered to be “too 
simplistic”. 

There is no way out of this potentially 
explosive situation other than factual in- 
formation. It is thus urgent to refrain from 
formulating too easy extrapolations, if we 
do not wish to spend the next twenty years 
with the fear of contamination. Estab- 
lishing the time lapse during which sero- 
positive individuals are viral carriers is 
under these circumstances a research 
priority second only to that aiming at the 
_ investigation of the mechanisms of resist- 
ance of those who, although infected with 


the virus, do not develop the full-blown 


disease. 

However, perhaps the first priority is to 
inform the lay public so that the fear of the 
unknown does not develop into hysteria, 
and instead of promising vaccines, which 
we do not yet know how to produce, it is 
urgent to explain what AIDS is not and, by 


extrapolating from the known, define the 

limits of the epidemic rather than the 

boundaries of terror in our imagination. 
DIMITRI VIZA 

Faculté de Médecine, 

Laboratoire d'Immunobiologie, 

15, rue de l'Ecole de Médecine, 

75006 Paris, France 
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What is life? 


Sirn—R.L. Hoult (Nature 316, 480; 1985) | 
is brave to make a stab at clarifying what is | 
meant by saying that a human embryo is 


“alive”. 


However, his attempt at distinguishing | 


between dependent and independent 
viability —- with embryos being depen- 
dently viable — is not very useful since the 
word viable means “capable of living 
either dependently or independently”. 


Hence the problem of defining the words | 
“alive” or “capable of living” is still not | 


addressed in his letter. 
The fundamentalists. who seek to pre- 


vent embryo experimentation may not be | 


impressed, in any case, by a distinction 
between dependent and independent 
viability. 

The real need is for biologists to seek to 
change the terms of the debate on experi- 
mentation. The problem is that the argu- 
ment that “embryos are not alive — in 
some sense or other” is purely defensive. 
And it is liable to be dismissed for seeking 
to blind the public with science. 

At the root of the debate is a very se- 


rious question: “At what point should. 


biologists and others stop seeking to im- 


prove the human condition?” Society has | 


views and concerns about this question, as 
do biologists. 

There is probably, for example, general 
concern that embryo experiments should 
stop at the point where there are feelings 


of pain in the embryo. That concern can |. 


only be addressed by biologists explaining 
vigorously and clearly what those words 
mean and what are the limits of current 
knowledge on pain in an embryo. 

Since the fundamentalism of Darwin’s 
days, the consensus view of society has 
shifted. Further shifts are likely if biolog- 
ists are successful in explaining fully and 
clearly what they are up to, if they demon- 
strate honestly how their work seeks to 
improve the human condition and if they 
win the resources needed to do that job of 
explaining. 

M.A.R. YuILLe 
3a Halesworth Road, 
London SE13 7T], UK 


. Siegal. F.P. & Siegal. M. (eds) AIDS: The Medical Mystery 


. Sonnabend. LA.. Witkin. 8.S. & Purtillo, DT, in The _ 
Acquired fumume Deficiency Syndrome and Infections of - 
Homosexual Men (eds Pearl. MLA. & Armstrong. D.) 409- 








Good news for 
Spanish scientists | 


Sir—Alfonso Martinez Arias’s recent let» ` 


ter (Nature 18 July, p.184) casts very se- 


rious doubts on the attitudes of the Span- _ 
ish government to reincorporation into . 


the scientific community of young scien: 
tists working abroad. I should like tore- 
port on recent steps that show, in my viev 
a much more serious commitment by or 





government than that conveyed by the. 
statement of your correspondent on 
and 


“national propaganda (words 
wishes)”. 


First, special fellowships (of which 105- 
were awarded in August) have been cres 
ated to help to reabsorb into the Spanish 
scientific community young researchers - 
who have been working abroad. PhD de- 0 
grees from foreign institutions are now = 


automatically accepted. 

Second, a programme was launched in 
1984 to provide funding for both foreign 
and Spanish scientists intending to spend 
their sabbatical leave in Spain. Particular- 
ly in the case of Spaniards, this may lead to 
more permanent employment. 

Third, in a recent programme for prom- 
oting young Spanish scientists to posts in 
universities and national research labor- 
atories, credit has been given for time 
spent in foreign institutions. Last but not 
least, the present government’s Law of 
University Reform has abolished, as a 
method of university recruitment, those 
peculiar endurance tests (“oposiciones”) 
that brought so much misery and retarda- 
tion to Spanish science. 

Bureaucracy is, however, always pre- 


sent. Even if some of the statements by 


Alfonso Martinez Arias about PhD 
validation are grossly exaggerated, there 
is undoubtedly ample room for improve- 
ment. We are currently working on elimi- 
nating obstacles on the basis of the Law of 


University Reform. 


Whether the actions I describe will 


break all the barriers above the Pyrenees I 


do not know. These mountains look at 


times frightfully high. Let us hope, at 
least, that we shall succeed in tunnelling — 
through them. 


and Research, 


| Serrano, 150, 28006 Madrid, Spain 


Three of a kind 


-Str—You refer to the University of New 
South Wales as “Sydney’s other universi- 





ty” (Nature 316, 196; 1985). Actually 
there are three universities in Sydney. The 
University of Sydney provides a third op- 


tion for students, and some very credit- 


able research still goes on there. 
Mark WESTOBY 


School of Biological Sciences, 
“Macquarie University, 


North Ryde, NSW 2113, Australia 


wi 







J.M. Roo 
Secretary of State for Universities 
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Paradigm still incompletely broken 


The centenary of the birth of Niels Bohr next month is both a mark of a milestone past and a reminder 
that a supposed revolution is incomplete. 


In the customarily over-simple accounts | 


given by sociologists of the development 
of science, the revolution that was quan- 
tum mechanics was eminently one of those 
occasions when an established orthodoxy, 
previously defended to the death by 
diehards, was seen to be untenable, and 
was abandoned. There was a paradigm 
shift or, as the sociologists would say, a 
paradigm shift occurred. The occasion of 
the centenary of Bohr’s birth on 7 October 
should be a reminder to all concerned that 
quantum mechanics does not fit this sim- 
ple description. The paradigm has indeed 
shifted, but the process took at least the 
first quarter of this century (a whole work- 
ing generation) and even now it is incom- 
plete. 

The problem is nicely illustrated by the 
question of who put quantum mechanics 
on the map. There is an embarrassingly 
long list of candidates for the distinction, 
among whom Max Planck is the first: in 
1900, he used a simple but ingenious ther- 
modynamic argument to show that black- 
body radiation must obey Stefan’s law that 
the intensity is proportional to the fourth 
power of the absolute temperature. He 
went on to deduce a relationship for the 
frequency-distribution of black-body 
radiation (with temperature as a para- 
meter) by an argument which assumed 
that the total energy of a cavity filled with 
radiation is distributed among an infinite 
number of oscillators of different frequen- 
cy (standing for the possible frequencies 
of the radiation) only in multiples of some 
finite amount. The procedure was neces- 
sary to avoid trouble with the consistent 
definition of small quantities, but having 
Started with an assumption denying clas- 
sical mechanics, Planck and his contem- 
poraries should not logically have been 
surprised that his result implies that ener- 
gy is transferred only in quanta of energy, 
the familiar Av. 

There was some casuistical hand- 
waving at the time, suggesting that non- 
classical behaviour applied only to the 
emission and absorption of energy by the 
constituents of the walls of the radiation 
cavity, not to the radiation which filled it. 





What mattered was that the result 
appeared to be correct, in contrast with 
the classical result suggesting that the fre- 
quency distribution of black-body radia- 
tion should be an exponentially decreas- 
ing function of frequency, or that the Sun 
should not shine. 

Einstein is the next obvious candidate 
inventor of the quantum theory, chiefly on 
the strength of not having pedantically 
picked holes in Planck’s shaky calculation 
but, instead, carrying the implications of 
Planck’s results to their logical conclusion. 
If radiation consists of quanta, as Newton 
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had once said in different language, then 
the puzzling production of photoelectrons 
from metal surfaces became explicable: 
each would carry off an energy equal to 
the quantum energy (less the threshold 
energy), while the number of electrons 
would be determined simply by the in- 
tensity of the radiation. 

Again the argument was a direct assault 
on classical mechanics. People lived with 
the paradox because the result squared 
with observation. But perhaps more easily 
because there were then so many other 
strange things known, the proof that 
atoms are not immutable but that they 
may be radiative chief among them. 

Bohr in this spurious pecking-order 
comes third in time, and perhaps a poor 
third because his result was so soon shown 
to be incomplete. By 1913, Rutherford’s 
model of the atom was widely accepted, 
on experimental grounds, but the stable 
circulation of electrons around atoms 
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when, if Maxwell and Lorentz were cor- 
rect, they should be radiating energy, was 
only more grudgingly acknowledged to be 
a fact and — perhaps even more important 
— Bohr had spent the last six months of 
the previous academic year with Ruther- 
ford at Manchester. 

What happened next is legend. Bohr’s 
quantum theory of atoms may now be 
banished from the textbooks, but it should 
not be forgotten. It embodied two sepa- 
rate assaults on classical mechanics — a 
quantum condition that determined which 
of all circular orbits of electrons around a 
nucleus may be occupied and the notion 
that the frequency of the radiation emitted 
on the transition of an electron from one 
state to another is the difference of energy 
divided by Planck’s constant, which was a 
subversive view to take. (Why, it was 
asked, should not the frequency be related 
to one or other or even both of the fre- 
quencies of revolution of the electron 
around the nucleus in the first and second 
states?). 

The clinching arguments were the re- 
covery of the empirical formula for the 
frequencies of the spectral lines of hyd- 
rogen due to Balmer thirty years earlier, 
the accurate calculation of Rydberg’s 
spectroscopic constant in terms of 
elementary quantities (including Planck's 
constant) and the successful demonstra- 
tion that a sequence of observed spectral 
lines attributed to hydrogen rightly be- 
longed to ionized helium (see Nature 4 
September, p.5; 1913, and subsequent 
correspondence). 

So, if quantum mechanics was indeed a 
revolution, 1913 was the year in which it 
happened. Einstein’s discussion of the 
photoelectric effect had sharpened the 
dilemma of the duality between light 
waves and quanta, but nobody could 
calculate from that starting point the 
quantities previously unmeasured. There 
is no point at this stage in asking who 
played Marx to whose Lenin (or whether 
Planck was Engels). 

From that point on, the log-jam was 
broken. Sommerfeld rushed off to calcu- 
late non-circular orbits, winning much 
success but quickly meeting awkward dis- 
crepancies. Bohr himself sought to 
account for the splitting of spectral lines 
by magnetic and electric fields (Zeeman 
and Stark respectively), again with mixed 
success. No doubt, if it had not been for 
the distractions of the First World War, 
the frailties of the theory would have been 
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revealed more quickly. Bohr himself was 
conscious of the difficulties. In a lecture to 
the Danish Physical Society at the end of 
his annus mirabilis, he acknowledged that 
while these considerations conflict with 
the admirably coherent group of concep- 
tions which have been rightly called clas- 
sical electrodynamics, he hoped that by 
emphasizing the conflict, it may be possi- 
ble in the course of time to discover a 
certain coherence in the new ideas. Events 
have since shown much but not all of what 
is missing. 

None of this, it goes without saying, 
affects Bohr’s stature. It is surely a great 
Strength to be able to regard one’s 
triumphs coolly, and to know how they 
must be improved. Bohr’s own principal 
concern, for much of the rest of his work- 
ing life, was to understand the meaning of 
quantum mechanics. But the chief reason 
why. his centenary is being widely and en- 
thustastically celebrated is that he acted as 
midwife for almost all the development of 
quantum mechanics in the succeeding 
quarter of a century. 

Bohr’s achievement as a perpetual 
group-leader is staggering . It is easier to 
list those who did not spend much time at 
Copenhagen (Dirac and Wigner, say) 
than to list those who did — Ehrenfest, 
Heisenberg, Gamow, Landau and Pauli 
among them. Bohr’s strong suit, by com- 
mon consent in the memoirs of the period, 
was a stubborn determination to get to the 
bottom of difficult questions. Heisenberg 
(in Niels Bohr, ed. S. Rozental: North- 
Holland, 1967) tells a half-cruel story of 
how Schrödinger, soon after the publica- 
tion of his wave mechanics in 1926, was 
made so despondent by Bohr’s probing 
that he took to his sick-bed pursued by 
Bohr, insisting that wave mechanics 
embodied all the uncertainties by then 
familiar. 

For all that, Bohr’s relationship with his 
junior colleagues seems to have been ex- 
traordinarily generous. To improve 
another’s intended publication by con- 
structive argument did not make one a 
co-author. Heisenberg’s first account of 
the uncertainty principle, the Copen- 
hagen-style Gedanken experiment in 
which photons and an optical microscope 
used to measure the position of an elec- 
tron are found to make the momentum 
uncertain, appears to have been one of 
these. But there is also a sad case on re- 
cord of how Bohr and Kramers, his assis- 
tant at the time, jockeyed the then young 
US physicist J.C. Slater into putting his 
name on a paper (with them) which im- 
plied that energy is conserved only on the 
average, a notion which did little but cause 
confusion. 

By this time, everything had changed. 
De Broglie’s almost pictorial account of 
the duality between the wave and particle 
properties of the electron (1924) was both 
stimulating and provoking. Dirac’s ab- 
stract but clarifying language for describ- 


ing the states of quantum systems and the | 
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relationship between them was taking 
shape. In quick succession (looking back) 
came Heisenberg’s matrix mechanics, and 
Schrédinger’s wave mechanics, essentially 
the same statements in different language. 
Electron spin was recognized as such by 
Uhlenbeck and Goudsmidt (in 1924) and 
then made sense of by Pauli, who won his 
exclusion principle as a by-product. Early 
in the 1930s, people were writing tex- 
tbooks explaining how to use quantum 
mechanics as a tool for doing what had 
eluded Bohr only a little earlier. Pauling 
and Wilyon’s splendid textbook The Prin- 
ciples of Quantum Mechanics at that time 
gave a whole generation of chemists the 
impression that quantum mechanics was a 
lode worked out. Those who think the 
revolution was complete, including some 
of the practitioners of the times, base their 
conclusion on the euphoria of the times. 
Throughout this period, the memoirs 
say, Bohr’s obsession was with the most 
difficult of all the difficult questions, that 
of what quantum mechanics means. There 
were two successive stages in the argu- 
ment, the correspondence between quan- 
tum and classical mechanics when quan- 
tum numbers are large (or if Planck’s con- 
stant is even smaller than it is) and the 
degree to which the behaviour of a physic- 
al system can be fully described away from 
the classical limit. These issues are prob- 
ably still the chief reasons why quantum 
mechanics remains indigestible, or seems 
strange. To say that it would be different if 
there were not such a disparity between 
the scale on which people ordinarily make 
observations and those of the atomic phe- 
nomena central to the arguments of half a 
century ago may be true but is unhelpful: 
the particle phenomena of high-energy 
physics have a scale almost as many orders 
of magnitude smaller. But perhaps Bohr 
should not have been as disapproving as 
he was said to have been of Gamow’s dra- 


matization of the problem in his book ab- 
out the experience of a man, one Mr- 
Tompkins, who was no bigger than a Bohr | 


radius. 


Bohr’s distinctive innovation was the | 
doctrine of complementarity, the notion | 
that the outcome of a quantum measure- 
ment is conditioned by the construction of | 
the measuring instrument. Put simply, | 
even electrons may exist either as waves or | 
particles, the question of what state they - 
chosen time cannot be | 
answered in the abstract because it has no 
meaning. The issue can be decided only by | 
making a measurement, whereupon the | 
design of the equipment will prejudice the | 
- continually refined. So much is clear from 
Bohr nevertheless consistently fought shy | 
of phrases such as “the observer interferes | 
his view was that | 


may be in at a 


nature of the answer that can be won. 


with the experiment”: 
the physical system being studied and the 
instrument used for carrying out the 
observations are both part of a still larger 
quantum system. 

It is ironical that Bohr’s advocacy of this 
apparently harmless cause should have 
















brought such controversy on his head 
Einstein became a constant critic. Bohr’s. 
position was essentially that of a positivis 
of the school that cages after LE 
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The issue over which Einstein and Bohr 
first fell out, at the Solvay congress in 
1927, is. still as good an illustration.of the 
difficulty as it was then — take a beam of 
electrons or photons and direct it at a slit 
in an otherwise impenetrable screen. Ein- o 
stein’s challenge was that, because of the = 
wave-like character of the entities emerg-— 
ing from the slit, they will spread out ina 
fan-shaped wavefront. But if the original 
beam consists of only a single particle, 
Einstein asked, by what means can the 
detection of a single particle (electron or 
photon) behind the screen ensure that the 
chance of detecting a particle elsewhere 
on the wavefront is strictly zero? 

Bohr’s answer lay in complementarity. 

The act of measurement prejudices the 
outcome. In the 1930s, Bohr won his bat- 
tle, although the grumbling from Ein- 
stein’s school continued, as in Einstein, 
Podolski and Rosen (Phys. Rev. 47, 777: 
1935). But that aspect of complementarity 
which implied correlations between dis- 
tant parts of quantum systems is still a 
puzzle, which is why such attention has 
been given to J. S. Bell’s codification of 
the correlations to be expected in micros- 
copic measurements (see Physics 1, 195; 
1965). Bell’s quantitative test of com- 
plementarity has now been verified ex- 
perimentaily, as Bohr would have wished, 
yet the discussion continues. Some hope 
to find buried in the complexities of com- 
plementarity an explanation of irreversi- 
bility in the real world, or of the tendency 
for entropy continually to increase. 

That is one sense in which the quantum 
revolution is incomplete but there are 
more obvious difficulties. Gravitation has 
not been quantized. And while the up- 
heaval that Bohr began has been marvel- 
lously successful both as a way of calculat- 
ing the properties of microscopic systems 
and as a way of classifying them, the so- 
called elementary particles, for example, 
the fact remains that quantum mechanics 
is a description of the world which is being 







oviet philo- 
at that time: ac WEEE 








the way in which the subject is taught, as a 
kind of generalization of classical mecha- 
nics. This, again, does not diminish what 
Bohr and his followers accomplished, but 


| itis a reminder of the dangers of supposing 
| quantum mechanics to be a revolution 
| which is complete. Rather, it is an agenda 
| for a revolution still working its way 
_ through physics. 


John Maddox 
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Associations in T-cell activation 


from Ronald H. Schwartz 


Werner the T cells of the immune sys- 
tem are in the business of killing infected 
cells or helping B cells make antibodies, 
they do so by first recognizing two mole- 
cules simultaneously on the surface of the 
other cell. One is the foreign antigen, for 
example, a protein produced by a virus; 
the other is a product of the genes of 
the major histocompatibility complex 
(MHC). For ‘helper’ T cells, which assist 
B cells in antibody production, the re- 
levant MHC products are known as Ia (or 
class IH) molecules. Most immunologists 
feel that the T-cell receptor responsible 
for the recognition process physically con- 
tacts both the la molecule and the antigen. 
But it has been hotly debated whether the 
antigen itself physically interacts with the 
Ia molecule, either in the presence or abs- 
ence of the T-cell receptor. On page 359 of 
this issue’, Babbitt et al. provide a direct 
answer to this question by demonstrating 
that an antigenic peptide specifically binds 
to one allelic form of an Ia molecule and 
not another. This provides the observa- 
tion that is needed to understand how Ia 
molecules can influence T-cell activation 
in an antigen-specific manner, and sug- 
gests that this interaction is one mechan- 
ism of immune response (/r) gene control. 
Past controversy has stemmed from the 
belief that a small number of distinct Ia 
molecules could not possibly bind in a spe- 
cific manner the many different antigens 
that must be recognized by the immune 
system. Most of the earlier data support- 
ing a physical interaction between antigen 
and the Ia molecule were indirect. For 
example, it was shown that T-cell clones 
capable of recognizing antigen in associa- 
tion with two different Ia molecules dis- 
play a different pattern of fine specificity 
of activation with each la molecule’. And 
in other experiments’, certain antigen 
analogues that were non-stimulatory were 
shown to inhibit competitively the activ- 
ation of T cells by a stimulatory analogue. 
In neither case, however, was binding 
measured; the physical interaction was in- 


= _ ferred from the effects on biological 
ouo responses. 


In contrast, Babbitt ef al. have carried 
out direct binding measurements, using 
equilibrium dialysis and a fluorescently 
tabelled antigenic peptide, and find a re- 
latively high (5 x 10° M~} association con- 
stant. One could quibble about the bio- 
logical significance of this value, as it was 
determined in the presence of detergent, 


- but the specificity is reasonably convin- 


cing. la molecules (la‘) derived from mice 
able to respond to the peptide bind at least 
10 times as well to the peptide as do Ia 
molecules (Ia") from mice that do not re- 
spond (although one would like to see 
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more than two allelic forms tested in the 
future). Furthermore, the binding can be 
inhibited by a 10-fold molar excess of un- 
labelled peptide but not by a similar 
amount of a non-stimulatory analogue. 
Perhaps, an ideal experiment would have 
included a reciprocal result, in which a 
second antigen bound to Ia’ but not Ia‘, 
where mice expressing la were respon- 
ders to that antigen and mice expressing 
la‘ were non-responders. 

Can such interactions explain the phe- 
nomenon of /r gene control, which in- 
cludes the fact that the particular allelic 
form of an Ia molecule an animal posses- 
ses determines the antigens to which the 
animal can respond’? Although the 
mechanism by which this regulatory con- 
trol occurs is not understood, two general 
schemes have been suggested (see figure). 

One scheme suggests that the T-cell 
population is skewed by the presence of 
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Two schemes to explain how a processed anti- 
gen (A) on the surface of an antigen presenting 
cell (APC) may not be recognized by a T cell. 
the Ia molecule. This could occur through 
positive selection of an anti-self MHC rec- 
ognition repertoire in the thymus, through 
negative selection during the generation 
of self tolerance, through the induction of 
suppressor T cells that are specific for the 
la molecule, or because the germline does 
not encode T-cell receptor V regions cap- 
able of recognizing the Ia molecule in 
association with the antigen. In each case, 
anon-responder animal would be one that 
lacked T cells able to recognize or respond 
to the antigen in association with that 
animal’s own Ia molecules (left hand side 
of figure). 

The other scheme suggests that the anti- 
gen physically interacts with the la mol- 
ecule and either forms a complex for the 
T-cell receptor to recognize, or stabilizes 
the interaction between the T-cell recep- 
tor and [a molecule that occurs during T- 
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cell activation. In either case, non- 
responsiveness would then be the result of 
too low an affinity of interaction between 
the antigen and the la molecule (right 
hand side of figure). Clearly, the experi- 
ments of Babbitt et al. support the second 
scheme. They do not, however, preclude 
the first, since the mechanisms are not 
mutually exclusive. 

What about the problem of the limited 
diversity of la molecules? This becomes a 
moot point if the same findings can be 
reproduced with different antigenic pep- 
tides. However, at this juncture one can 
still argue that the observations of Babbitt 
etal. represent an unusual case. An asso- 
ciation constant of 5x 10° M`' is a modestly 
high affinity (equivalent to hapten binding 
by some antibodies), and I think many 
other interactions will be of lower affinity, 
in the range of 10° — 10° M~’. Nonetheless, 
I see no reason why a set of proteins could 
not evolve to have generalized weak bind- 
ing for small peptides, as originally sug- 
gested by Benacerraf*. After all, serum 
albumin appears to have evolved as a gen- 
eral transport protein for various unester- 
ified fatty acids and haem derivatives. 

Perhaps the confusion lies in the 
assumption that the la molecule alone im- 
parts all of the specificity to the immune 
response. Undoubtedly the T-cell recep- 
tor plays the major role in this specificity 
but, for reasons that are still not under- 
stood, this receptor is forced to recognize 
Ia molecules in addition to the foreign 
antigen. If, during this process of dual rec- 
ognition, the antigen and the Ia molecule 
are inevitably brought into physical con- 
tact, then one could imagine that the Ia 
molecule has evolved to facilitate this in- 
teraction, so generating a structure that is 
favourably disposed to interact with a 
variety of different peptides. The Ia mol- 
ecule is large enough for this to have been 
achieved by creating distinct substitutes 
for binding peptides with different 
chemical properties. Experiments with la 
mutants and inhibition studies with mono- 
clonal antibodies have already provided 
evidence for the existence of functional 
subsites on the Ia molecule”. 

Finally, if la molecules and antigens do 
interact physically, another potential 
problem is the competition from self pro- 
teins that must occur as they are processed 
through antigen-presenting cells (APC in 
the figure). T-cell clones specific for self 
proteins can be deleted or inactivated dur- 
ing the induction of tolerance to prevent 
the animal from responding to itself, but 
self molecules will still be processed by the 
antigen-presenting cells and could interact 
with the Ia molecule, preventing it from 
binding to a foreign protein. If so, for a 
foreign protein to be immunogenic would 
require it to differ in sequence from self 
proteins in a way that would either yield 
an antigenic peptide with a greater affinity 
than processed self proteins for the 
same site on the Ia molecule, or create a 
peptide that interacts with a different site 
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on the Ia molecule. 

A possible example of this is the murine 
mmune response to pigeon cytochrome c 
(ref. 11), where the critical difference be- 
> tween mouse and pigeon cytochromes c 
-Resin the part of the peptide that interacts 
with the la molecule (the agretope). Com- 













milar to that described by Babbitt et al. 
should be able to discriminate between 
vo mechanisms — higher affinity or a 


> ease. In the more general case of non- 
~~ homologous self proteins producing pep- 

_ tides that compete for binding at particu- 

lar Ia sites. it is not clear that having multi- 
ple binding sites will totally solve the com- 
petition problem. More attention will 
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different binding site — in this particular 
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have to be paid to this problem in the 
future, if the experiments of Babbitt et al. 
can be generalized to other antigens. © 
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Q Jnravelling disorder in glass 


“from P.H. Gaskell 


Wuy do some melts form glasses on 
quenching whereas others crystallize? A 
related question concerns the extent of 
positional and compositional order: is 
the structure of a glass random beyond 
= nearest neighbours or are there clearly 
-recognizable ‘molecular’ fragments that 
would also be evident in the lattice 
of a compositionally equivalent crystal? 


These questions are raised and: partly — 


answered in a recent paper by D. Ruffolo 
and P. Boolchand' on the structure and 
glass-forming ability of germanium tin 
sulphides. 

One view of the structure of glasses is 
that certain local atomic configurations 
are preferred energetically but possess 
point-group symmetry which precludes 
efficient space-filling, and particularly is 
inconsistent with the requirements of 
periodicity, so that there may be a bias 
against crystallization. A macroscopic 
structure then forms only when the local 

symmetry is occasionally broken — 

regular breaks in symmetry may lead to 

‘quasi-crystalline’ solids such as the 

recently discovered Al~Mn alloys’”, or to 

the so-called Frank-—Kasper’ structures 

observed in some truly crystalline inter- 

metallic alloys. If defects are introduced 
irregularly then a glass may be formed. . 

. Another view is that to avoid crystal- 

~~ lization during quenching, the number 

= (and magnitude) of the ordering forces 

© should be small in comparison with the 

~ number (and relative stability) of alternat- 

-= ive, non-periodic, atomic configurations. 

The number of such ordering constraints 

©- per atom must not, however, be too small 
in relation to the degrees of freedom: 

otherwise a disordered fluid state may 

persist to temperatures well below the 

- <> liquidus temperature where the probabil- 

- ity of crystal nucleation is large and the 

-© v steady. increase in melt viscosity, which 

`- Jeads eventually to the solid-like proper- 







ties of the glass, becomes less likely. 
How many constraints should there be 


in relation to the degrees of freedom? 
Phillips” has made the simple suggestion | 


that the two should be equal for an ideal 
glass-forming composition. If the number 
of constraints per atom, N, = the dimen- 
sionality = 3, the most suitable glass- 


forming compositions in covalent chalco- 
genide systems can be picked out in an- 
impressive way. Phillips’ condition thus | 


provides a simple link between the con- 
nectivity of a network and the dimen- 


sionality of the system. The ideas have — 


been extended" to plot threshold condi- | 
| along the z axis. cA lateral view of the ribbons 


tions for a rigid glass-like structure. 
There are some difficulties, though, in 


applying the notions in anything other | 


than a qualitive way. Metallic alloys form 
glasses but have no obvious network. In 
SiO,, the archetypal glass-forming oxide, 
some of the weak bending constraints 


must be ignored. Some melts are thought | 
to consist of randomly linked clusters of | 


well-defined groups of atoms and it 
becomes necessary to select the ‘effective’ 
constraints very carefully. 


In relatively complex systems like the | 
germanium tin sulphides studied by | 


Ruffolo and Boolchand, such detailed 


the Méssbauer spectra for Sn in a series 
of crystalline solids, Ge,_,,Sn,S,, ranging 


from SnGeS, to Sn,S,. In SnGeS, a corner- 


sharing network of GeS, tetrahedra is 


coupled laterally through ‘weaker Sn°*-S— 
bonds (Fig. la), and the Méssbauer spec- 


trum consists only of a doublet due to Sn” 
In crystals containing more tin, the excess 


Sn is thought to substitute as Sn** for Ge 


and a characteristic Méssbauer peak is 
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_Sn** ions are octahedrally coordinated, ~ 
| giving a typical Méssbauer signature. The 

| change from a lattice in which Sn sub- 
‘stitutes for Ge in tetrahedral sites to the | 


_ occurs at a well-defined composition x=0.7. 
considerations may be some way off. They | 
have, however, obtained an interesting | 
link between glass-forming ability and the - 
structure of the glass. This relates directly, 
but as yet only qualitatively, to the notions | 
based on constraints. They have obtained 


| glasses shows close similarities, suggesting 
an equivalence in structures and thusa ` 


) distorted (Ge,Sn)S, units to one similar’ 
| to the Sn,S, lattice with long molecular. 
| ribbons. The authors stress that formation — 
_Of glasses from the melt also becomes 
$ more difficult over the same concentra- 
ction range, suggesting that the polymer 
| chains shown in Fig. la promote glass 
| formation because of the ‘floppiness’ of 
othe network, whereas the more rigidly 
_constrained and partially organized Sn,S, 





Fig.1 a, Crystal structure of SnGeS, showing. 
the zig-zag chains of corner-sharing GES, 9°” 
tetrahedra that couple laterally (along the b ~~ 
axis) by weaker Sn-S bonds. b, c-Sn,S, structure 


which consists of infinitely long, thin and oio 
narrow molecular ribbons having their planes 4 
showing Sn** and Sn“ edge and interior cation 
sites. (From ref. 1). 


observed. Further increases in the Sn con- a 
tent leads to a separation into two phases o 
— SnGeS, and Sn,S,. The latter has ao. 
structure consisting of thin planar ribbons = 
which couple only through weak Van der == 
Waals forces (Fig. 1b. c). In this crystal. 


















Sn,S,-type structure with octahedral Sn” 


Comparison of the Méssbauer spectra- 
of compositionally equivalent crystals and 


change from a structure based on- 


planar ribbons do not allow sufficient 





variability for glasses to form. 


The results, then, represent yet another 
straw in the wind — the structures of cer- 
tain glasses may be more closely linked to 
those of compositionally equivalent crys- 
tals than simple theories imply. And if the 
properties of these glasses can be related 
to their equilibrium crystalline phase 
‘diagrams, where does this leave theories 

of the structure of glasses based on the 
non-equivalence of crystallographic and 
‘non-crystallographie’ clusters? 
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F Membrane channels 








ee | from Harry Goodall 


AMONG transmembrane channels, gap 
_ punctions are unique because they link the 
~ interiors of adjacent cells (see figure), 
rather than allowing specific ions to enter 
from the extracellular medium. As well as 
_ their obvious role in providing a metabolic 
_. eontinuum through tissues, there is 
“mounting evidence that groups of cells 
sharing common developmental or phy- 
sidlogical strategies may be preferentially 
coupled through the gap junctions be- 
©. tween them. Consequently, a great deal of 
attention has recently been directed to- 
wards finding out how the conductance of 
_ these channels is regulated. On page 331 
of this issue’, Jacques Neyton and Alain 
‘Trautmann report the use of one of the 
most powerful tools in the armoury of the 
ion-channel investigator, the whole-cell 
patch-clamp technique, to probe the spe- 
-cificity, the regulation and the conducting 
_ ~ ability of the individual channels that 
-v make up each gap junction. 
©. Patch clamping, as its name suggests, 
involves the formation of an extremely 
_ high resistance seal between a large-bore 
(1 —2 pm) glass micro-pipette electrode 
cand the cell membrane across its tip. The 
_ patch is ruptured so that the interior of the 
_cellis now continuous with the fluid in the 
“pipette, allowing manipulation of the in- 
ermal environment and clamping of the 
membrane potential at specific values. 
n and Trautmann’ have extended 
ethod to examine pairs of cells from 
t lachrymal gland that are coupled 


























‘lectrode on each cell, the minute currents 
sassing through individual channels as 
iey Open in succession can be measured 
whe n the potential in one cell is changed. 

AS suspected, the channels show little 
pecificity: ions of different species and 
harge pass through with almost equal 
case. Unlike many types of transmem- 
rane channel and indeed some gap junc- 
tion preparations’, the gating of the chan- 
-nels in this preparation is independent of 
-the transchannel voltage; the channel con- 
-ductance is relatively large, its mechanism 
slow and its gating symmetrical. What 
-then is the gating mechanism? Generally, 





itercellular junctions. With one patch | 


ridging the junctional gap 


it has been thought that the internal con- 
centration of free Ca’ modulates the 
junctional conductance (for a mechanism 
involving the intervention of Ca” and 
calmodulin, see ref. 3) but an independent 
role for intracellular pH has more recently 
been suggested’. Using the improved re- 
cording technique, it should be possible to 
clarify this issue. If, as seems likely, the 
predominant mechanism varies according 
to cell type, the subtlety with which gap 
junction channels are regulated will be 
very interesting indeed. 

The intensity of present investigation 
into such subtleties was demonstrated 
amply at a recent EMBO workshop”*. 
Much new data, some of it preliminary, 
were presented, obtained by a combina- 
tion of established and innovative tech- 
niques on a variety of cell types. Tradi- 
tional methods such as plotting the spread 
of injected dyes across the boundaries be- 
tween coupled cells now are being ana- 
lysed quantitatively by S. Caveney (Uni- 
versity of West Ontario) and P.R. Brink 
(State University of New York, Stony 
Brook) so that the constraints to and 
regulation of diffusion can be assessed. 
J.D. Sheridan (University of Minnesota) 
has used this approach to show that junc- 
tional defects may be closely associated 
with the process of cell transformation. 

Sheridan's method of producing trans- 
formed cells, by using a temperature- 
sensitive virus that introduces a protein 
kinase, may also provide a pointer to the 
identity of the process regulating channel 
conductance. R.G. Johnson (University 
of Minnesota), E.L. Hertzberg (Baylor 
College of Medicine, Houston) and K. 


| Willecke (University of Essen) showed 


that isolated junctional protein could act 
as a substrate for phosphorylation when 
incubated with cyclic AMP or protein 
kinases such as, tantalizingly, protein 
kinase C. This implies that junctional 
regulation may dovetail into the greater 
complexities of cellular control’. 

It is not yet clear Vieri there is more 


*The European Molecular Biology Organization workshop on 
“Structure, Regulation and Function of the Gap Junction” was 


_ held at the Station Biologique, Roscoff from June 23-27, 1985. 
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than one type of gap junction. The junc- 
tions between epithelial cells and those 
between the fibre cells of the eye lens 
seem to behave differently to an uncoup- 
ling stimulus (D.A. Goodenough, Har- 
vard Medical School), although this could 
reflect regulatory differences between the 
cells. Nevertheless the cell or tissue speci- 
ficity of the junctional protein is a con- 
tinuing source of discussion. Cloning and 
subsequent identification of the primary 
sequence of the lens junction protein by 
J.-P. Revel and his colleagues (California 
Institute of Technology, Pasadena) indi- 
cates that, although there is no sequence 
homology with junctional material from 
other tissues, the predicted quaternary 
structures correspond well. This may well 


| allow antigenic differences between junc- 


tions from different tissues even though 
structural constancy is maintained. 

This is the area of greatest controversy 
in the subject because a useful way to in- 
vestigate the function and control of junc- 









_..Proposed area 
a of regulation 
“Car 

~ Caimodutlin 
sati pH 

- Voltage 


inorganic ions 
Organic ions 
Metabolites 
(Mr <1000) 





Cell 
membranes 


Diagram of a section through a gap junction. In 
specific areas of apposed membrane, channels 
lined by six protein subunits” are sealed to their 
counterparts and link the cytoplasm of both 
cells. These channels allow transcellular pas- - 
sage of ions and metabolites of molecular mass 
less than 1,000 (approximately 1,800 in arthro- 
pods) and are common to most tissues’. 


tional coupling should be to raise anti- 
bodies against the protein and use them to 
block or modify junctions in situ. Indeed, 
some success was reported, most impress- 
ively the ability to interfere with the 
maintenance of head-axis integrity in 
Hydra (N.B. Gilula, Baylor College of 
Medicine) and with specific cell lineage in 
Xenopus (A.E. Warner, University 
College London). 

The outstanding difficulty in all these 
studies is that antibodies are raised to iso- 
lated junctional membranes rather than to 
a single protein. Unfortunately the only 
method available for assessing the purity 
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of isolated junctions is to examine them 
under the electron microscope and then 
to monitor their composition using 
SDS-polyacrylamide gel electrophoresis. 
Gilula emphasized that some antibodies, 
apparently specific to junctional mem- 
brane, appear to be localized to closely 


associated extracellular material; simil- | 


arly, Goodenough showed that an anti- 


‘body, apparently specific to junctional 


protein, bound only to non-junctional 
membrane. 

Given these uncertainties, it is not en- 
tirely surprising that there are now two 
candidates for the junctional protein. Iso- 
lated junctional membrane contains a 
series of related proteins with relative 
molecular masses ranging from 10,000 
(10K) to approximately 70K. The 27K 
protein (26K in the lens) has usually been 
assumed to represent the fundamental 
subunit of this channel. J.D. Pitts, 
M.E. Finbow and colleagues (Beatson 
Institute for Cancer Research, Glasgow) 
using a modified extraction procedure 
have, however, produced an entirely 
new contender with a molecular weight of 
16K. This protein has little or no homol- 
ogy with the 27K protein but is structurally 
related to an analogous 18K protein from 
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arthropods. A state of impasse now exists, 
revolving around the fact that antibodies 
to the 16K protein perform all the same 
feats as the antibodies to the rival 27K 
protein. 

Perhaps this problem will be resolved 
through approaches such as that of 
H. Evans (National Institute of Medical 
Research, London), who has generated 


antibodies against synthetic sections from | 


identified sequences in the junctional pro- 
tein. Ultimately, the cloning approach of 
Revel and his colleagues, followed by the 
generation of ultra-specific probes and re- 
constitution of positively identified mate- 
rial into model membranes should provide 
the answers. The momentum that has now 
been generated will certainly ensure that 
there is no shortage of activity over the 
next few years. a 
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Cosmology 


Heavy neutrinos and galaxies 


By N.A. Jelley 


Do HEAVY neutrinos exist, and if they do 
what are the implications for the forma- 
tion of galaxies? On page 335 of this issue, 
T. Padmanabhan and M.M. Vasanthi 
discuss the cosmological implications of 
heavy, unstable 17 keV neutrinos and 
come to the conclusion that it is very 
difficult to accommodate such neutrinos 
into the standard model of the Universe. 
This fits in very well with the latest 
conclusions from particle physics which, 
as discussed in these columns last week 
(12 September, page 107), also deny the 
existence of a 17 keV neutrino. 

This flurry of interest in heavy neutrinos 


-has arisen from the result recently pub- - 
lished by J.J. Simpson’ of an experiment: | 
that revealed a kink in the electron energy 


spectrum for tritium f decay. This is not 
what would be expected in the usual pic- 
ture of 6 decay, where a light neutrino 
(with a mass less than about 50 eV) is 
emitted together with the electron. It has 
been speculated that there is a small prob- 
- ability of a heavy neutrino being emitted 
-in # decay. One consequence of such a 
hypothesis is that there would be a small 


-kink in 6 decay spectra, just like that re- 


-ported by Simpson. The position of the 
- -kink determines the neutrino mass, and 
Simpson interpreted his results as evi- 
dence for a heavy neutrino of about 17 
-< keV mass. This has already led to some 

- interesting speculations’ as well as giving 


impetus to the work by Padmanabhan 
and Vasanthl. 

Massive neutrinos have often been sug- 
gested as possible candidates for the dark 
matter or ‘missing mass’ in the Universe. 
As this material cannot be seen, its exist- 
ence has been inferred from studies of the 
motion of stars within galaxies and of gal- 
axies within clusters. These indicate that 
the mass.of dark matter is an order of 


magnitude greater than that of visible 


material. Cosmological estimates of the 
number of neutrinos have shown, how- 
ever, that a stable massive neutrino must 
have a mass less than about 200 eV or 


greater than about 200 MeV; otherwise 
the predicted neutrino mass density would | 
exceed the current estimates of the density | | 
of the Universe. Thus a 17 keV neutrino 


would have to be unstable. 
Padmanabhan and Vasanthl' find that 
an unstable 17 keV neutrino does not give 


rise to any contradictions with the- 
observed age or density of the Universe. | 
But they reach the interesting conclusion | 
that the decay products from such a par- 
ticle would wash out the inhomogeneities | 


in the early Universe necessary for the 

formation of the galaxies we see today. 
But if they do not provide the dark mat- 

ter in the Universe, then what does? 


There have been many suggestions includ-. 
| ing black holes, faint stars, planets and 


rocks, as well as more exotic undis- 


“apparently unconnected fields of partic 










covered particles like axions, photinos 
and magnetic monopoles. There are prob- 
lems with most known particles (see ref. 
5), though the light neutrino is still a possi- 
bility. In a series of experiments on tritium: 
8 decay, a group at ITEP, Moscow, have 
concluded*’ that the neutrino has a mass 
of 33 eV, and could therefore account 
the dark matter. Such a mass is near th 
limit of what can be measured with pre 
sent experimental techniques and ther 
are several groups throughout the world 
(see ref. 8) trying to check this result.) 
Even if it were confirmed there could still 
be difficulties in the standard model, as it 
has been argued that even a light neutrino 
would make it hard to understand the E 
formation of galaxies’. Hg 

Failing neutrinos, what is left? Of the 
other candidates for dark matter, axions. o 
are in favour at the moment. These par- 
ticles were originally proposed to avoid) 
predicting large symmetry (charge-parity) 
violations in the strong interaction, which 
are not observed. Axions must interact 
very weakly with matter and so would: be 
very difficult to detect. Experiments have — 
been proposed’ but there are no results _ 
as yet. Another possibility, though less — 
favoured as a candidate for the dark mat- | 
ter, is the magnetic monopole. This parti 
cle is predicted by various grand unified 
theories and there are several groups cur- | 
rently trying to detect a monopole". There 
are also several experiments underway at 
particle colliders that have so far provided 
the only limits on the mass of. several 
candidates, including the photino". 

Now the results from the particle phys- = 
ics experiments aimed at checking Simp- 
son’s interpretation have become known. 
Altzitzoglou et al.” conclude there is no | 
evidence from the decay of “S for the 
presence of 17 keV neutrinos. Moreover, 
Haxton” has decided it is plausible thata = 
careful treatment of atomic effects will - 
provide a conventional explanation of. — 
the observed kink in the tritium 8 decay... | 
spectrum. 

It would thus appear that the great = 
difficulties over the existence of a 17 keV 
massive neutrino pointed out by Padman- 
abhan and Vasanthi will not have to be 
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Pollination mechanisms | | be tetobenaionoia pathogenic mic- 


| robe that has evolved a sophisticated form 
Exploitation of animal mobility 





of mimicry to take advantage of pollina- 
| tion vectors moving between plants as a 
| means of spore dispersal. The fungus 
| Monilinia spp. infects Vaccinium species 
and Gaylussacia baccata (huckleberry) in 
North America, causing the development 
of withered ‘mummified’ berries in which 
the fungus overwinters. Young shoots are 
infected in the spring and become discol- 
oured and wilted. These shoots are coated 
with a layer of conidia rich-in sugars, 
which attracts the attention of insects en- 
gaged in floral foraging. But what the in- 
sects find most attractive is the ultraviolet 
reflection from the wilted leaves, which 








- from Peter D. Moore 


0 CO-EVOLUTION of plants and insects, par- 
ticularly in terms of pollination, is full of 
subtle and striking relationships. In the 
palms, for example, the mechanism of 
< pollination varies between species and 
for some palms uncertainty still exists, 
about the relative importance of wind 
and various insects in effecting pollen 


| 

| 

i 

odour that is emitted is accompanied by | 

the heating up of the inflorescence, which | 

probably serves to volatilize the scented | 

compounds’. The female flowers on the | 

spike are receptive and the whole inflor- | 

escence is soon invaded by weevils 2 milli- | 

metres long and then by scarab beetles | 

2 centimetres long. The weevils gather in | 
transfer’. The blueberries (Vaccinium | very large numbers, up to 100,000 per in- | 
spp., Ericaceae) are clearly insect pollin- | florescence, and feed on the outer parts of | 

ated, but a recent report suggests that a | the petals of the male flowers, which are | corresponds to that of the Vaccinium flow- 

pathogenic fungus also uses the insects for | conveniently free of the tannins found in | er calyx. Evidently this acts.as a honey 
transport from one plant to another’. | other floral parts. guide under normal conditions, a form of 
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Great selective advantages are evidently The scarabs also gather in thousands | flower mimicry by a fungus that has never 
associated with the development of been recorded previously. 

mechanisms that exploit the mobility of The efficiency of the mechanism for 
animals to disperse pollen grains and | hair structures found on the inflorescence | spore dispersal was tested by excluding 


and indulge in two main activities: copula- 
spores. stalk. The shelter and relative safety of the | insects from 400 flowers and pollinating 


tion and extensive feeding on knobbed 


In his work on palms, J.H. Beach has | palm inflorescence for copulation may be | them by hand. The bags used for insect 
examined the reproductive biology of two | one of its main attractions, as Beach has 
species of Bactris in the lowlands of | previously observed in other flowers, such 
Costa Rica’. Palms generally produce very | as Cyclanthus’. The feeding activity on the 
large quantities of pollen, a feature often | hairs, however, is surprising because they 
associated with wind pollination; but re- | pass through the gut structurally un- 
cently many palm species have been found | altered. Evidently the hairs are not a ma- 
to rely on insects, which may explain why | jor energy resource, but they could supply | ties evolved by the plant and microbial 
palms are sO poorly represented in the | some other dietary requirement. kingdoms to harness mobile animals for 
current pollen rain of the Mediterranean It is not yet clear which of these two | their own ends, Oj 
potential pollen vectors is the more effi- |. peach J.H. Principes 28, 107 (1988). 
cient. But because the inflorescence con- | 2. Batra, LR. & Batra, S.W.T, Science 228, 1011 (1985). 
tains dietary resources that are attractive |} sivensn A ei ra a 
to both insects, each vector possibly pro- | 5. Beach. LH. Am. J. Bot, 69, 1074 (1982). 
vides advantages for specific conditions, 
such as different inter-tree distances’, Peter D. Moore is Reader in Ecology, Depart- 

The studies of Batra and Batra’ on | ment of Biology (KOC), King’s College, 68 
blueberries, on the other hand, provide | Half Moon Lane, London SE24 91F, UK. 


exclusion allowed air currents to pass 
through, along with any suspended fungal 
spores. Of the resulting fruit produced, 
only 10 per cent were infected compared 
to 63 per cent under control conditions. 
There seems to be no limits to thesubtle- 
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Human reproduction 


Prospects for developing 
vaccines to control fertility 


from G. L. Ada, A. Basten and W. R, Jones 














SINCE its establishment in the early 1970s, One new approach that could yield an 
the World Health Organization’s (WHO) | efficient, safe and cheap method is a 
special programme of research, develop- | fertility-regulating vaccine. In April 1985, 
_| ment and research training in human re- | an expert panel at WHO. reviewed prog- 





-| velopment of new and improved methods | gens which could be used in the develop- 
‘| of fertility regulation*. The need for these | ment of such vaccines; the criteria that 
studies, being carried out at the request of | these antigen(s) should meet; and the ap- 
the governments of several developing | plication of new technologies in the detec- 
es countries, is aS great now as it was at the | Won and study of appropriate antigens. 
area’. Few detailed observations have | outset of the programme. There are The following factors are relevant in 
been made, but Beach has docu- | thought to be six hundred million couples | selecting target antigens for acceptable 
- mented the course of events in Bactris | of reproductive age in the developing | fertility control vaccines. The antigen 
- gasipaes, a cultivated species and the wild | countries; some eighty per cent of these, | should be: (1) present transiently and in 
|B. porcshiana. The Bactris inflorescence, | for various reasons, do not use adequate | low amounts relative to the predicted anti- 
or flower cluster, is a mass of spikes | methods of birth control. body response (sequestered antigen not 
{see figure) that pushes its way out of an | neeem ~ | excluded); (2) specific, that is, restricted 
enveloping bract late in the afternoon. Hadad Special Programme of Research, Development and | to the target; (3) chemically well character- 
a, et l esearch Training in Human Reproduction 131th Annual 

Nos nectar is- s produced, b -dozed cilitate. manufacture by modern 











Scarab beetles feeding on an inflorescence 
of the peach palm {Bactris gasipaes). 











‘| production has been engaged in the de- | ressindefining reprod ductions canti = 
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techniques; (4) restricted to gametes and/ 
or the early products of fertilization (full 
functional characterization of the antigen 
being desirable, but not essential). 

To be acceptable, the vaccine should 
have an efficacy rate of at least 90 per cent; 
elicit a reproducible immune response of 
the desired magnitude, nature and dur- 
ation, irrespective of genetic background 
and health/nutritional status of recipients; 
be free of side-effects; exert an anti-fertil- 
ity effect which is potentially reversible, 
either spontaneously or by manipulation; 
and be suitable for widespread use. To 
satisfy many of these requirements, safety 
and efficacy testing in an appropriate 
animal model is necessary before the 
initiation of human studies. 

A decade ago WHO decided to coor- 
dinate and sponsor the development of a 
vaccine which was based on the carboxy- 
terminal polypeptide of the 6 subunit of 
human chorionic gonadotrophin (hCG), 





see GOH Sersitizes 
Possible modes of action of anti-hCG vaccine. 
Antibodies capable of neutralizing hCG may 
inhibit its luteotrophic action on the corpus 
luteum. Cytotoxic anti-hCG antibodies or 
sensitized lymphocytes may disrupt the early 
peri-implantation blastocyst (reproduced from 
Jones W.R. Immunological Fertility Regula- 
tion, Blackwell Scientific, Melbourne, 1982). 





a protein hormone produced by the early 
trophoblast. One of the functions of this 
hormone ıs the maintenance of progester- 
one production by the corpus luteum in a 
conceptual cycle (see figure). Abrogation 
of this role by vaccination mimics physio- 
logical luteolysis and results in menstru- 
ation, thereby preventing pregnancy in 
what otherwise seems to be a normal 
non-conceptual menstrual cycle. A proto- 
type vaccine on which preclinical 
toxicity and safety evaluations have 
already been completed is now ready for 
clinica] testing. It is a multicomponent for- 
mulation consisting of (1) an oligopeptide 
corresponding to the amino-acid sequence 
109-145 of the carboxy-terminal region of 
the B subunit of hCG; (2) a protein carner, 
diptheria toxoid, to which the oligo- 
peptide is conjugted; (3) a synthetic 
adjuvant based on muramyl-dipeptide 
which seems to be as potent as the clinic- 
ally unacceptable Freund’s complete ad- 
juvant, but without the ability of the latter 
to generate extensive tissue reactions. 
The peptide-carrier conjugate and ad- 
juvant are suspended in saline and emul- 
sified with arlacel A in squalene Active 
immunization with this preparation has 
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been effective in inhibiting fertility in ba- 
boons (Stevens, V.C et al. Fertil. Steril 
36, 98; 1981). even though there is only 
3-15 per cent cross-reactivity between 
antibodies to the carboxy-terminal region 
of hCG and baboon CG. Toxicity studies 
in rodents, rabbits and baboons have 
failed to demonstrate any adverse side- 
effects of this treatment and extensive 
screening of immunized baboons has 
failed to reveal significant titres of auto- 
antibodies or evidence for immune- 
complex deposition in tissues. On the 
basis of these encouraging results, WHO 
plans to carry out a clinical trial to assess 
the immunological efficacy and safety of 
the vaccine as soon as approval from reg- 
ulatory authorities has been obtained. At 
the same time, work has been progressing 
on the synthesis of the corresponding oli- 
gopeptide from baboon CG to allow fur- 
ther studies with a baboon CG vaccine 
that will more closely approximate to the 
clinical situation in which the hCG vaccine 
will be used. 

During the past decade significant prog- 
ress has been made tn the search for addi- 
tional vaccine candidates. Sperm antigens 
comprise one possibility for both males 
and females, as they are present only tran- 
siently in the female reproductive tract 
and are sequestered in the male, where 
their expression is restricted to testicular 
germ cells and sperm. Immunization of 
females with whole sperm or two prepara- 
tions of isolated sperm antigens — the 
sperm-specific enzyme lactate dehydro- 
genase (LDH-4) and a germ-cell antigen 
(GA-1) derived from spermatocytes — 
has been effective in reducing fertility in 
animals. Such studies, together with evi- 
dence of anti-sperm antibodies in healthy 
but infertile men and women and vasecto- 
mized men, suggest that naturally occur- 
ing sperm antibodies with adequate 
anti-fertility properties have no deleterious 
effects on the host. In animals, fertility, 
has returned after sperm antibody 
titres waned. Of the sperm antigens identi- 
fied to date, only LDH-4 has been well 
defined; however, it should be possible 
to produce this and other suitable 
polypeptides by modern techniques. In 
the female, access by antibodies to the 


target may be a problem and further con- , 


sideration should be given to the use of 
mucosal as well as systemic routes of 
immunization. 

Immunization with well-characterized 
zona pellucida (ZP) antigens can inhibit 
fertility in several species. Some anti- 
bodies to ZP glycoproteins inhibit sperm- 
ZP interaction in vitro (both binding and 
penetration). However active immuniz- 
ation with ZP seems to result in an un- 
acceptable alteration in ovarian function. 
Whether other ZP antigens can elicit anti- 
fertility antibodies with without such side- 
effects must be determined before 
such antigens become candidates for 
vaccines. 

Trophoblast surface antigens have the 
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ADDRESS BY Francis GALTON, F.R.S., ETC, 
President of the Anthropological Institute. 


THE object of the Anthropologist is plain. He 
seeks to learn what mankind really are in body 
and mind, how they came to be what they are, 
and whither their races are tending; but the 
methods by which this definite inquiry has to be 
pursued are extremely diverse. My data were 
the Family Records entrusted to me by persons 
living in all parts of the country, and I am now 
glad to think that the publication of some first- 
fruits of their analysis will show to many careful 
and intelligent correspondents that their pains- 
taking has not been thrown away. As the 
popular views of what may be expected from 
inheritance seem neither clear nor just, the sub- 
ject of my remarks will be “Types and their 
Inheritance.” I shall discuss the conditions of 
the stability and instability of types, and hope in 
doing so to place beyond doubt the existence of 
a simple and far-reaching law that governs 
hereditary transmission, and to which I once 
before ventured to draw attention, on far more 
slender evidence than I now possess. My 
experiments have shown that the mean filial 
regression towards mediocrity was directly 
proportional to the parental deviation from it. 


from Nature 32 507, 24 September 1885. 





advantage of being expressed only at one 
anatomical site following fertilization and 
of being in intimate contact with maternal 
blood at a very early stage in pregnancy, 
perhaps within 10 days of ovulation in the 
human. Studies with human tissues in- 
dicate the existence of potentially suitable 
tissue-specific and possibly stage-specific 
cell-surface antigens, but a relevant anim- 
al model for efficacy studies 1s required. 

Embryonic antigens, some carbohyd- 
rate, are transiently expressed in low con- 
centration on early embryonic cells in 
several species. As they may also be pres- 
ent in sperm, antibodies specific to them 
could have two targets. The pattern of 
temporal expression of these antigens in 
the embryo needs to be established before 
this target satisfies the criteria of a 
vaccine antigen. 

Based on data already available, 
together with the rapidly expanding 
potential of recombinant DNA technolo- 
gy and other techniques of molecular biol- 
ogy using synthetic vaccines, an appropri- 
ate isO-immunogen has considerable 
promise for the development of a safe, 
effective and cheap fertility-regulating 
vaccine. There is, therefore, an urgent 
need for further research, particularly 
because of the probability that the user 
population will increase if vaccination 
against common infectious diseases in the 
developing world is successful. B 





G. L. Ada is in the Department of Microbiology, 
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ACT, Australia, A Basten is at the Clinical 
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Centre, University of South Australia, Bedford 
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Mathematical topology 


NEWS AND VIEWS 


Solving a knotty problem 


from Ian Stewart 


OCCASIONALLY scientific discoveries are 
made simultaneously by several different 
people. In topology, an extreme case 
occurred recently, and is described as fol- 
lows in the Bulletin of the American 
Mathematical Society. “The editors re- 
ceived, virtually within a period of a few 
days in late September and early October 
1984, four research announcements, each 
describing the same result — the existence 
and properties of a new polynomial ın- 
variant for knots and links. There was 
variation in the approaches taken by the 
four groups and variation in corollaries 
and elaboration. These were: A new in- 
variant for knots and links by Peter Freyd 
and David Yetter; A polynomial invariant 
of knots and links by Jim Hoste; Topolo- 
gical invariants of knots and links by 
W.B.R. Lickorish and Kenneth C. Mil- 
lett; and A polynomial invariant for knots: 
a combinatorial and an algebraic approach 
by A. Ocneanu. It was evident from the 
circumstances that the four groups arrived 
at their results completely independently 
of each other, although all were inspired 
by the work of [Vaughan] Jones . . . The 
degree of simultaneity was such that, by 
common consent, it was unproductive to 
try to assess priority. Indeed... there 
is enough credit for all to share in.” 

As a compromise, all six authors com- 
bined together to write a paper (Bull. Am. 
Math. Soc. 12, 239; 1985) stating their 
common main result and explaining each 
group’s particular viewpoint. Curiously, 
there are considerable differences in the 
proof and the point of view adopted. The 
new invariant is simple and powerful, and 
it is surprising that it has eluded topolo- 
gists for so long. 

To a topologist a knot is any simple 
closed curve embedded in three- 
dimensional space. Two knots are (topo- 
logically) equivalent if there is a con- 
tinuous transformation of the surrounding 
three - dimensional space that carries one 
knot to the other. Similarly, a link is a 
finite set of simple closed curves, with an 
analogous definition of equivalence. The 
main problem is to decide whether two 


CQ) Pi=yz lex tyz ty ly 
(OY Pi=x ° z?-2x ty- xy? 


O Pisy °2°~2xy -x °y, 
(9) Pax ty 'z%xy tx ly. 
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given knots or links are equivalent, and 
this is generally approached by using the 
idea of a topological invariant. This com- 
prises some mathematical data (usually of 
a combinatorial or algebraic character) 
associated with each knot in such a way 
that equivalent knots have the same data. 
Thus knots with different data cannot be 
equivalent but knots with the same data 
need not always be equivalent. 

The first effective invariant was found 
by Hans Reidemeister in the 1920s, and it 
enabled him to give the first rigorous 
proof that knots exist. His invariant can be 
described in terms of the knot diagram, 
which is just a picture of the knot in which 
all crossings are neatly separated from 
each other and with a small gap drawn in 
the lower strand of each crossing, much as 
a road map shows a bridge. Pretend that 
this gap is real — the knot then splits up 
into several components; at each crossing 
one component forms the overpass while 


ee) 

ODP 
two others form the underpass. Say that 
the knot can be n-coloured if it is possible 
to assign to each component a number 
0,1, ..., ml in such a way that: (1) at 
least two components have different num- 
bers; and (2) at each crossing the sum of 
the numbers on the two underpass compo- 
nents is equal to twice the number on the 
overpass, up to a multiple of n. 

Then, by analysing how deformations 
of the knot alter its diagram, and thus 
affect colourability, it can be shown that 
the set of integers n for which a given knot 
is n-colourable ıs an invariant. An ordin- 
ary overhand knot is 3-colourable but not 
5-colourable; a ‘figure of eight’ knot is 
5-colourable but not 3-colourable; and an 
unknotted loop is not n-colourable for any 
values of n. Hence all three are different. 

A more sophisticated invariant, the 
Alexander polynomial, associates with 
each knot or link K a polynomial in one 
variable ¢. For the trefoil it is °—t4+-1, and 
for the figure eight f—3t+1. Again the 
invariant is good enough to distinguish the 
two. John Conway (Computational Prob- 
lems in Abstract Algebra 379; Pergamon, 
Oxford, 1970) developed a method for 
computing Alexander polynomials based 
on a relation between the Alexander 
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polynomials of a given link K and two 
modifications of it, L and M. Lis obtained 
from K by taking a single crossing and 
changing the overpass to an underpass; M 
is obtained by cutting both strands at the 
crossing and joining them in pairs so that 
they do not cross at all. Vaughan Jones 
(Bull. Am. Math. Soc. 12, 103; 1985) ap- 
plied the theory of Van Neumann algebras 


— a topic in functional analysis — to de- 
rive a new knot polynomial, also in one 
variable, satisfying a very simular relation. 
The latest invariant can be considered 
either as a homogeneous polynomial in 
three variables or as an inhomogeneous 
polynomial in two. In terms of three vari- 
ables it is the unique such function P on 
(equivalence classes of) knots such that: 
(1) xP, (x,y,z) +yP,(%,y,z)=0 
(2) P(x,y,2)=1 | 
when K is an unknotted circle. Relation 
(1) is inspired by a property of Alexander 
and Jones polynomials, and both of these 
can be expressed in terms of P. But the 
new invariant has stronger properties. For 
example, for a left-handed trefoil knot it is 
xz?—2x"'y—xy’, whereas for a right- 
handed trefoil it is y?z’—2xy’—x’y”. 
Hence, the trefoil and its mirror image are 
different. A reef knot and a granny knot 
also have different invariants P, and hence 
are inequivalent. Both of these are known 
results, but until now they have had very 
difficult proofs and cannot be obtained 
from the Alexander or Jones polynomials. 
The proof of the existence of the 
invariant P ıs technical but relatively 
straightforward given the property of re- 
lation (1). It may be accomplished in sev- 
eral ways. Freyd and Yetter use a ring- 
theoretical argument involving braid 
groups. Hoste uses geometrical and com- 
binatorial methods. Lickorish and Millett 
also use braids as well as some of 
Conway’s ideas about tangles. Ocneanu’s 
approach is similar to Jones’s, involving 
number theory and functional analysis. 
The hard part is to recognize the im- 
portance of relation (1) to begin with: the 
idea is almost too simple to be credible. 
The surprise is that it really does work, 
and beautifully. Some ideas can be discov- 
ered at almost any time, but lie fallow for 
years until the moment is ripe: this would 
appear to be an extreme case. And mathe- 
maticians can take heart from this discov- 
ery — not every new idea need be more 
complicated than old ones. O 
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NEW JOURNALS 


A question of new journals 


One evening, at a quiet watering hole in Boston, or Oxford, three species 
meet who are rarely seen together, night or day — an academic (A), a 
librarian (L) and a publisher (P). Soon the talk turns from international 
politics to another matter of common interest . . . 


A: .  . talking of non-proliferation, what 
we need is a non-proliferation treaty for 
journals. 

L: Right! Our purchasing budget has just 
been cut In real terms for the tenth year in 
a row — it seems crazy to start yet more 
titles. 

P: Another drink? 

A: Scotch again, please. . . yes, there are 
already 15 possible journals for my next 
paper — that’s more than enough. 

L: Scotch for me too. . . . Do you know 
that now there’s even an on-line database 
which deals specifically with new journal 
titles? It only covers the last three years 
or so but it’s already got hundreds of 
entries. 

At our library, we cut out multiple sub- 
scriptions to journals years ago; we started 
spending proportionately less on books 
than journals; then we started analysing 
usage patterns and suggested possibilities 
for other cuts. 

A: I remember that at our campus — 
turned out that old Dr Croak had ordered 
five titles in 1958 (just after Sputnik) 
which no one else had ever heard of or 
used. Croak died in ’62 and we were still 
taking them ın 74, 

L: Then we brought in the “you can only 
have a new one ıf you drop an old one” 
rule; now we’ve got everybody used to an 
annual round of cuts — last year we even 
had some money over after cutting too 
hard — a bit embarrassing. 

P [to the barman|: Two Scotches and a 
tomato juice, please. . . . Of course, lib- 
raries have suffered to different degrees in 
different parts of the world. For librarians 
in Britain the strong dollar has meant a 
difficult time. But it has helped American 
libraries in buying foreign journals... 
L: Except where foreign publishers price 
in dollars at enormous conversion rates. 
P: J wouldn’t condone that, but of course 
there are good reasons for some of the 
differentials, like airfreight and the higher 
cost of communication with subscribers, 
as well as a slight hedge against fluctua- 
tions in the exchange rate. . . 

A: And I’m sure they’re very interesting, 
but we’re getting a little off the point. 
Now, 1s there a serious case to be made for 
new journals? 

P: I think there is, but not for all new 
journals. And in many cases publishers 
would like nothing better than to be able 
to expand their largest journals while 
maintaining circulation, but it’s usually 
not on. 

There are a number of pressures on 


publishers as well as libraries, and some- 
times journals are started for reasons 
other than scientific need. But it’s pretty 
difficult, in many cases, to sort out the mix 
of motives that go into the creation of a 
journal. I’m not going to defend all the 
proliferation, just because in some cases I 
think it’s a good thing. 
L: Pm not sure I follow you. 
A: Pm not sure, either. I do know that 
probably 80 per cent of the research pap- 
ers that are published are rubbish. . . 
P: Well, what I mean is that there are 
some straightforward commercial reasons 
for starting new journals — a successful 
journal will have very healthy cash flow 
{especially compared with books), and 
provide security and continuity, since 
print runs can be accurately estimated. 
Then there’s competition which takes at 
least three forms: first, there’s the chance 
that another publisher will start a journal 
either in the area you were considering, or 
in part of an area of one of your existing 
journals. If it does, then a hard-pressed 
library specializing in that area may drop 
the subscription to your journal and take a 
new one. So you’d better start it yourself. 
And there’s competition for authors — 
if a new specialist journal (or even a new 
journal in a new multidisciplinary area) 
starts up, authors might submit papers to 
it instead of yours —- so again, a pre- 
emptive strike is called for. I’m sure there 
was a third type of competition . . . 
A: Just what I thought-— unnecessary pro- 
liferation of journals . . . [sotto voce] and 
of competition. ... Of course, I know 
journals do compete, not usually overtly, 
for authors, but it’s difficult and almost 
unpleasant to think of them competing for 
sales. Academic journals shouldn’t be like 
washing powder — each title is unique. 
L: From the leaflets and special offers I 
get from publishers, I’d say they’re get- 
ting more like washing powder all the 
time. 
P: Ironically, the mixture of fear and com- 
mercialism that I mentioned, and the re- 
sulting new titles, are partly caused by the 
library cuts that make it difficult for you to 
believe that it can make sense to start new 
journals. The long-term decline in the cr- 
culations of the established journals is also 
relevant. As that happened, some of the 
largest publishers decided to start new 
specialist journals which, they hoped, 
would bolster them if the decline con- 
tinued. 
L: Although that was likely to hasten the 
decline? 
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P. But you’re forgetting the competition 
element — they may have had no choice, 
and they thought it was better that some- 
one else suffered, not them And then, 
of course, there was the extra fear that 
some of the decline was caused by library 
resource sharing, and the distribution of 
photocopies of journal articles by. . . 

L: I was wondering when that would come 
up. I’ve seen figures on journal cancella- 
tion decisions and the reasons for them 
which show categorically that such deci- 
sions are totally unrelated to the avail- 
ability of photocopies from... 

P: But I don’t wish to argue about that 
now... 

A: Neither do I, now or any other time — 
let’s have another drink. Same again? [L 
and P nod.| 

P: I only mentioned it as another concern 
of publishers which, rightly or wrongly, 
was a spur towards the creation of new 
journals. 

A: Well, if those are the pressures or 
motives, what’s the serious case? 

P: Perhaps I can work towards it. First, we 
have the view — some may call it 
simplistic — that a successful journal is its 
own justification. That 1s, the fact that 
authors submit papers and others buy the 
journal demonstrates the need. Unless 
authors are easily led by the glamour of a 
new publication in their specialty [L nods] 
or libraries are undiscriminating ın their 
purchases [A nods]. . . 

L. For the most part libraries still rely on 
the recommendation of their users before 
taking out a subscription. 

P: And, for all the market research you 
may do there is no real quantitative 
measure of need other than the 
willingness of people to write, and other 
people to pay, as shown by trying to 
launch the journal. The risks, however, 
can be large — these figures [rummages in 
briefcase| will give you some idea. Let’s 
assume this is for the first year of a brand 
new “commercial” journal (that’s one 
with no direct involvement of a learned 
society) — starting small, say 80 pages an 
issue, and quarterly, with quite a lot of 
scientific notation and math. Here’s the 
rough breakdown of costs: 


Typical small new journal costs in the first 


year 
Typesetting 10,500 
Printing and binding 3,800 
Paper 2,000 
Distribution 1,500 
Editorial costs (copy editing 
and general overhead) 6,000 
Honoraria 1,200 
Marketing for first volume 10,000 
Total 35,000 


The marketing costs, of course, are high 
in the first year (they will be again in the 
third year, probably) and include such 
things as the production of extra copies of 
the journal to give away as promotion. So, 
in comparison with the cash flow 
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advantages of an established journal, 
there is quite a lot of “up front” 
investment. 

Now, let’s assume that the journal gets 
up to a circulation of 400 or 500 within four 
or five years, which wouldn’t be untypical. 
The actual cumulative profit and loss will 
look something like this 


Profit 20 










First drop 
in circulation 
expenenced here- 


-á 
© 


© 


Years after launch 


ho 
© 


weer "Stick with it? 


mA 


Cumulative profit or loss (thousands) 
3 


Qò 
O 


““"“* Disaster 
Loss 40 


[Pointing] The dotted lines are for other, 
quite plausible scenarios. For example, 
the “stick with it” line is where the journal 
is running at a profit, but will take years 
and years to repay the initial investment. 
The “disaster” line is where the journal is 
running at a small loss each year, which 
means an awful lot of money down the 
drain in total. 

A and L: And so the publisher shuts the 
journal down. 

P: That does happen more often than it 
used to — but publishers will often try a 
number of things before giving up: 
changes of title and content, mergers, 
giving the journal to its editor. . . 


L: But once that curve has gone up into” 


the plus range, the publisher’s laughing. 
P: Well, 1t’s worth a sigh of relief maybe. 
But the curve can go back down again. 
A: All this doesn’t explain how new 
journals can still do well despite the cuts in 
library funds. , 
P: We don’t entirely understand it either. 
But there are several factors. In the early 
"70s many libraries switched funds from 
books to journals. They then cut multiple 
subscriptions, then poorly used titles and 
then foreign-language titles. This affected 
some publishers more than others — those 
who were starting new popular titles could 
gain at others’ expense. 

And in some fields there are a number 
of page-charge journals. . . 
L: What exactly are they? 
A: Humph... basically, where authors 
are asked to pay to get their work into 
print. 
P: Oh we could be here until they throw us 
out debating that. The thing 1s that page 
charges cushion the publisher somewhat 
against circulation losses 

And there’s another point. It’s become 
a conventional wisdom that the individual 
subscriber to scholarly journals has almost 
disappeared, but in fact they have 
reappeared in a slightly different way — 
ironic really, since they are the members 
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of learned societies, the very species who 
were the first individual subscribers. In. 
Western countries hundreds of learned 
societies have been formed ın the past 20 
years Many of them have a journal, and 
many are published by various types of 
publisher. Often members receive 
reduced-rate copies, sometimes paid for 
in bulk by the society, which may then 
recoup the cost through general society 
membership subscriptions. 

In effect, then, publishers have 
managed to tap a new source of revenue, 
which means that an even smaller number 
of sales to libraries can, overall, give a 
viable journal. On top of that, they’ve 
tried to control their own costs, to 
safeguard their margins while circulations 
have fallen. New technology at the 
publisher itself has had a limited effect so 
far, but changes in printing techniques and 
competition or recession in that industry 
have all helped 
© Lastly, not all research areas, 
researchers or libraries are stuck for 
money, even now. If you can find the right 
topic, perhaps one where there is very 
heavy government and industrial 
investment, you might just get a winner, 
without managing to sell many to those 
libraries that are hard-pressed. 

While we’re on the subject, wasn’t it 
you [fo L] who was telling me last week 
about your new computerized circulation 
control system, your online connections to 
cataloguing systems and other databases, 
and your experiments on satellite 
transmission of journal articles, 
videodisks and CDROMs? Where does 
the money for all that come from? 

L: Oh, that comes under a different 
budget allocation in our case — our 
paymasters still take a different attitude if 
we can show that we’re into something 
sexy like new information technology. 
My turn for drinks, I think. [Turning 
to the barman] Same again, please. 
A: What’s the rest of the justification for 
new journals? 
P: Simply this. Scientific research is in a 
state of continual change. While the old 
basic disciplines remain, new research 
fields are always forming which may be 
more specialized, or involve new inter- or 
multidisciplinary links. To the extent that 
the scholarly journal is a vehicle for the 
communication of ideas, ıt makes sense 
for those new fields to have a specific 
journal as a forum rather than the ideas 
being spread across and possibly lost in the 
enormous quantity of scientific papers 
published in other specialized journals or 
large journals of broad and marginal 
relevance Such specialized journals can 
be backed up by retrieval systems 
(abstracts journals, databases, librarians 
and so on) to enable the researchers to 
find papers from other journals on topics 
that intersect with their field. 

You might ask: “Why not rely on the 
retrieval system from the start?”. But no 
retrieval system ts yet sufficiently good (or 
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sufficiently convenient) for any scientist to 
be well served by just a few enormous, 
monolithic journals which act as paper 
databases, backed up with, say, their 
machine readable counterparts. . 
L: What’s that about “to the extent that 
journals are for communication”? ... 
And I’m not sure I like being described as 
aretrieval system... 
P: I just meant that journals have other 
functions too. 
L: Oh, yes. . . brownie points, publish or 
perish and that sort of thing 
A: No, the process of publication 1s much 
more fundamental than that... uw is an 
integral part of science. The submission of 
a paper before your peers, the recognition 
that the work ıs at least worthy of 
appearing (even ıf 80 per cent of it ıs 
rubbish); even the process of doing the 
refereeing are all parts of mature science. 
L: Mmm, yes . brownie points. And if 
80 per cent of ıt zs rubbish, what does that 
say about scientific research — shouldn’t 
we be worrying more about that than 
journal proliferation? 
A: I think you misunderstand me 
P: There is also the view that there are 
now two types of journal — those for 
communication and those for archive, 
which ts really only delayed or potential 
communication 

But to me the fundamental point ıs that 
a massive journal with, say, 3,000 
circulation, doesn’t necessarily serve the 
cause of science more efficiently or 
effectively than, say, eight more- 
specialized and more targeted smaller 
journals containing in total the same 
number of papers but with smaller 
overlapping circulations of 500 each. It’s 
easier to make the opposite case since, for 
example, the single, large journal uses six 
times as much paper. 
L: Does it? This is all getting rather 
academic... : 
P: In fact, there seems good reason to 
believe that the creation of new journals, 
whether out of old monolithic titles, 
or by focusing on a new field hitherto 
spread across a number of titles and 
disciplines, can, lead to a system better 
able to respond to changes in research 
fronts. At least they provide the research 
worker with a core of work, most of which 
has a high degree of relevance. 
A: Now that you mention it, my field is 
covered — I might have said — by at least 
15 journals which all relate to it in some 
way. Perhaps it’s about time there was just 
one place where these papers could be 
brought together... 
P: That’s interesting — are you free to 
discuss it over lunch next week? 
L: [Expletive deleted] . . . someone, please, 
give me a drink. ie 


Alan Singleton, who eavesdropped on this 
conversation, is Research and Development 
Manager in the Publishing Division of the 
Institute of Physics and John Wright and Sons, 
Techno House, Redcliffe Way, Bristol BSI 
6NX, UK - 
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NEW JOURNALS 


New journals June 1983 to May 1984 


CRITERIA for journals to be considered 
for review in this issue were circulated to 
publishers earlier this year, and were also 
published in Nature. They were that: 
(i) the first number appeared, or the jour- 
nal was re-titled, between June 1983 and 
May 1984 (although journals not covered 
in last year’s review issue were also consi- 
dered);* 
(1i) the journal is published at least three 
times a year (one exception has been 
made to this rule); 
(iti) the main language used is English; 
(iv) where possible at least four issues 
should be made available for review, 
including the first and the most recent. 
Last year’s journals review supplement 
covered publications appearing between 
June 1982 and May 1983 and the second 
cut-off date, May 1984, allows for enough 
issues of a journal to have been published 
for a reasonable sample to be available 
for judgement (most are quarterlies). A 
spread of four different issues is taken as 


* See Nature 311, 309-330 (1984). For previous 
journals review supplements see Nature 305, 
477 - 497 (1983); 299, 491—514 (1982); and 293, 
341 -369 (1981). 


Index to reviews 
Adsorption Science & Technology 307 
AIDS Research 294 
The Antimicrobic Newsletter 301 
Archives of Insect Biochemistry 

and Physiology 300 
BioEssays 294 
Biogenic Amines 296 
Biology and Society 304 
Biotechnology Advances 298 
Classical and Quantum Gravity 305 
Cognitive Neuropsychology 303 
Complement 294 
Critical Reviews in 

Biotechnology 298 
Critical Reviews in Oncology/ 

Hematology 295 
Disease Markers 294 
European Biophysics 

Journal 300 
Experimental Biology: 

Environmental and Sensory 

Aspects 300 
Experimental and Clinical 

Immunogenetics 294 
Food Microbiology 302 
Gene Analysis Techniques 295 
Genetic Epidemiology 297 
Hematological Oncology 295 
History and Technology 304 
International Journal of 

Food Microbiology 302 
JMCI: The Journal of Molecular 

and Cellular Immunology 294 
Journalof Atmospheric Chemistry 306 
Journal of Biomolecular Structure 

& Dynamics 299 
Journal of Electron Microscopy 

Technique 297 


the usual minimum on which reviewers’ 
comments can be based. 

Several journals known to satisfy the 
above criteria were not submitted for re- 
view, or arrived only in August or Septem- 
ber, and therefore are not covered in this 
issue. It proved difficult to find reviewers 
for other, doubtless worthy journals, 
while some titles were considered to be of 
marginal interest to Nature’s audience. 

The brief given to reviewers was to limit 
themselves to comment on the publica- 
tions sent to them, and to avoid discussion 
of general questions of periodical pub- 
lishing. Opinions expressed in the reviews 
are based on a sample, and apply to mid- 
1984 at the latest. Asin previous years, the 
preponderance of journals in the bio- 
logical sciences reflects the bias of 
material submitted for review. 

Details of editors and frequency of 
publication, and the subscription rates 
appearing at the top of each review, are 
given in most instances for 1986. This in- 
formation is not complete in all cases, and 
readers interested in subscribing to a par- 
ticular journal should check the rates with 
the publisher concerned. O 


Journal of Environmental] 


Radioactivity 305 
Journal of Experimental Pathology 294 
Journal of Inclusion Phenomena 307 
Journal of Neurogenetics 303 
Magnetic Resonance Imaging 299 
Magnetic Resonance in Medicine 299 
Marine and Petroleum Geology 305 
Microbiological Sciences 301 
Mining Science & Technology 306 
Molecular Biology and Evolution 296 
Natural Product Reports 308 
Neuroscience Research 303 
Physics, Chemistry and Mechanics 

of Surfaces 307 
Research and Development in 

Agriculture 302 
Somatosensory Research 302 
Soviet Journal of Chemical Physics 308 
Vaccine 298 
Virus Research 298 
Zoological Science 300 


e Among other titles submitted: Annals of 


Sports Medicine (Oxford University Press); 
Blood Purification (Karger); Cy Molecule Che- 
mistry (Harwood); Earth, Moon, and Planets, 
formerly The Moon and the Planets (Reidel); 
Hazardous Waste (Mary Ann Liebert); Journal 
of Clinical Neurophysiology (Raven); Journal 
of Coastal Research (The Coastal Education 
and Research Foundation, PO Box 2473, Fort 
Lauderdale, Florida 33303, USA); Journal of 
Pineal Research (Alan R. Liss); Marine Re- 
source Economics (Crane Russak); Medical 
Oncology and Tumor Pharmacotherapy (Per- 
gamon); Microcirculation, Endothelium, and 
Lymphatics (Deerfield Scientific Publishers); 
Nuclear Engineering and  Design/Fusion 
(North-Holland); Order: A Journal on the 
Theory of Ordered Sets and its Applications 


(Reidel); Remote Sensing Reviews (Harwood). ` 
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New ground for 
intrepid explorers... 


An expedition into the recently dis- 
covered but still uncharted possibilities 
of treating or preventing congenital 
defects. To lay down the first diagnostic, 
medical, surgical and ethical tracks 

for future clinicians and researchers 

to follow. 


Fetal Thera 
Clinical Advances and Basic Research 


Editors: M. Michejda (Washington, DC) 
K. Pringle (Iowa City, Iowa) 


.« OF guided tours 
over tough terrain 


Leading experts provide a safe escort 
through the maze of data within 

their native specialties. And give concise 
but authoritative commentaries on the 
major landmarks of current research. 


Digestive Diseases 
Current Concepts in Research and Practice 


Formerly ‘Survey of Digestive Diseases’ 
Editors-in-Chief: 

T.S.N. Chen (East Orange, N.J.) 

R.K. Zetterman (Omaha, Nebr.) 


Immunologic Research 

A Selective Reference to Current Research 
and Practice 

Formerly ‘Survey of Immunologic Research’ 
Editor-in-Chief: 

J.M. Cruse (Jackson, Miss.) 


Pathology and Immunopathology Research 
A Selective Reference to Current Research 


and Practice 

Formerly ‘Survey and Synthesis of 
Pathology Research’ l 
Editor-in-Chief: 

J.M. Cruse (Jackson, Miss.) 


Find out more by looking at a sample copy. 


Write to 

S. Karger AG 

P.O. Box 

CH-4009 Basel (Switzerland) 


@KARGER 


Reader Service No.19 
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NEWJOURNALS 


Research with clinical detachment 


Fred S. Rosen 





AIDS Research. Editor Joseph A. Sonnabend 

Mary Ann Liebert 4lyr. North America $95, elsewhere $123. 

Complement: Laboratory and Clinical Research. Editor U E. Nydegger 
Karger. 4lyr SwFr. 214, $102 (institutional), SwFr 150, $71 40 (individual). 
JMCI: The Journal of Molecular and Cellular Immunology. 


Editor-in-chief Charles A. Janeway, Jr. 
Springer-Verlag 6/yr. DM416, $128 


Disease Markers. Editors H M. Dick, C. M. SteelandR A. Gatti. 

Wiley. 4lyr. UK £60 (institutional), £45 (individual), £30 (student); North America $115 
(institutional), $86.25 (individual), $57.50 (student). 

Experimental and Clinical Immunogenetics. Editor-in-chief K. Bauer. 

Karger. 4/yr. SwFr. 214, $102 (institutional); SwFr. 150, $71.40 (individual). 

Journal of Experimental Pathology. Editor Robert M. Friedman. 

Mary Ann Liebert. 4lyr. North America $95, elsewhere $123 





New immunology journals keep appear- 
ing with Malthusian enthusiasm. Some of 
them clearly fill a need ın a still rapidly 
expanding scientific discipline, for others 
an early demise is devoutly to be wished. 
Take AIDS Research. Every major scien- 
tific and medical hebdomadal as well as a 
number of monthly journals have publicly 





stated that they are giving top priority to 
reporting basic clinical advances in work 
on the disease. The appearance of this 
new journal has not so far materially aided 
the effort. A large part of AIDS Research 
has been devoted to hypothesis, guide- 
lines, commentary and case reports I 
have long ago taken against the camera- 
ready format and this addition to that 
travesty on the printer’s art only rein- 
forces my prejudices AIDS is a vexing 
and frightening disease. A solution to the 
problems of prevention and therapy ıs 
urgently needed. Nothing could be more 
gratifying now than to superannuate this 
journal. 

Not since the Lollards declined to par- 
ticipate in the performances of the Corpus 
Christi plays has any subject been scruti- 
nized with more scholastic vigour than the 
complement system Complement re- 
search has survived eight decades without 
a journal entitled Complement and the un- 
heralded appearance at this late date of 
such a journal raises the spectre of this 
field’s becoming decadent. Frankly, Com- 
plementis thin ın original articles but so far 
rich in review articles, meeting reports 
and abstracts from meetings. It had unfor- 
tunate beginnings tn a historical perspec- 
tive on the subject by the late Manfred 
Mayer, that reminded me of the quip that 
a historian is one who predicts history 
The genes of the complement proteins are 
now being cloned with great rapidity, giv- 
ing rise to a great deal of excitement in the 
field, but so far Complement has not been 


the vehicle for publishing this innovative 
stuff. i 

On the other hand, Springer-Verlag has 
brought forth a highly successful new jour- 
nal, JMCE The Journal of Molecular and 
Cellular Immunology. Richard Gershon, 
the founding editor, had the bright and 
invigorating 1dea of publishing reviewers’ 
critiques and the authors’ response at the 
end of each article Interspersed among 
the original papers ts lively invited com- 
mentary. Following Gershon’s untimely 
death, almost coincident with the appear- 
ance of the first issue, Charles A. Janeway 
Jr has continued to steer this journal in the 
right direction The content of JMCL 1s of 
high quality. Lag time from final submis- 
sion to publication is mmimal. The com- 
position of the editorial board and edito- 
rial advisory board ıs outstanding This 
journal should be added to every library 
that aspires to keep up to date with high- 
quality science. 

There was a time when I thought I could 
define “immunogenetics”. The word now 


Up with the trends 


Robert Freedman 


BioEssays: News and Reviews in Molecu- 


lar, Cellular and Developmental Biology. 
Editor-in-chief W.J. Whelan. Cambridge 
University Press. 12/yr in two volumes. 
UK £34 (institutional), £15 (individual); 
North America $70 (institutional), $24.50 
(individual) 


BioEssays 1s the offspring of the ICSU 
(international Council of Scientific Un- 
ions), just as TIBS (Trends in Bioche- 
mical Sciences), the first of the successful 
Trends journals, was the offspring of the 
International Union of Biochemistry. 
This is stated explicitly in the opening 
editorials of the first issue, where ıt is also 
acknowledged that ICSU has made this 
entry into publishing in order to increase its 
visibility, its influence — and its income 
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conjures up confused images ın my mind 
Is it about immune response genes. or’ 
linkage markers of immunologically 
relevant proteins with diseases; or the 
molecular biology of immunoglobulin 
genes and T-cell receptor genes; or gene- 
tic polymorphisms of cell surface antigens 
detected with monoclonal antibodies; or 
all of these things? A large body of in- 
formation 1s accumulating with the hori- 
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zons expandıng faster than can be proper- 
ly assimilated. Of the two new entries in 
this field, Disease Markers and Ex- 
perimental and Clinical Immunogenetics, 
the former has a slight edge in the breadth 
and quality of its contents Both, howev- 
er, include good review articles and meet- 
ing reports, and the editorial boards have 
a very international flavour which 1s re- 
flected in the broad geographical origin of 
the contributions Both are published 
quarterly and appear to be good value. 

I suppose one should be cheered by the 
emergence of a publication covering ex- 
perimental pathology as a whole. In this - 
time of increasing specialization and rising 
barriers between scientific disciplines, it is 
very courageous to start up such a journal. 
The prolixity of the contents of Journal of 
Experimental Pathology ıs so great as to 
flatter the appetite of dilettantes. Many 
good contributions appear in this new 
quarterly, and if it survives the temper of 
these times I will be gratified — but 
surprised O 





Fred S Rosenis the James L Gamble Professor 
of Pediatrics, Harvard Medical School, Im- 
munology Division, Children’s Hospital Medic- 
al Center, 300 Longwood Avenue, Boston, MA 
02115, USA 


Comparison with the Trends series is 
unavoidable; the journals are even pub- 
lished tn the same city (Cambridge, Eng- 
land) though by different presses, and the’ 
founding editor-in-chief of BroEssays, 
(W.J. Whelan) was the first editor-in- 
chief of TIBS. So it 1s no surprise that in 
format and flavour BioEssays is familiar 
The journal is an unglossy monthly, of 
about 50 pages per issue, each containing 
six short reviews (four to five A4 pages), 
plus features, comment, historical notes 
and book reviews 

The crucially individual aspect of 
BioEssays is indicated on the front cover 
by a series of inscrutable acronyms 
(UBS, IUPS, IUPHAR, IUNS, 
YUIS . . .) which refer to the nine distinct 
international scientific unions which are 
promoting the journal. Between them 
these organizations represent the whole 
range of the biological sciences, and the 
journal’s sponsors have clearly intended it 
to tap the growing body of work in which 





New scientific journals from John Wiley for 1985 and 1986 


Journal of Molecular 


Electronics —. 

Honorary Editor: G.G. Roberts, FRS, University 
of Durham, U.K. 

U.K. Editor: R.W. Munn, UMIST, U. K. 

N. American Editors: G.B. Street, IBM, San Jose, 
California, P.M. Chaikin, University of 
Pennsylvania, U.S.A. 

European Editor: H. Bassler, Universitat 
Marburg, FRG 

Japanese Editor: M. Aizawa, University of 
Tsukuba 


This journal is an international focus for current 
academic and industrial research in the rapidly 
developing area of molecular electronics. Topics 
covered include novel molecular materials, 
organic and polymeric semiconductors, super- 
conductors, Langmuir-Blodgett films, resists for 
microlithography, liquid crystal devices, sen- 
sors and magnetic materials. 


Quarterly 
1986 Volume 2 $130 (UK only £65.00) 
Volume 1 & 2, 6 issues, $165 (UK only £82.50) 


| Hematological Oncology 


Editors: J.W. Parker, University of Southern 
California, U.S.A.; R.J. Lukes, University of 
Southern California, U.S.A.; G.P. Canellos, 
Dana-Farber Cancer Institute, Boston, U.S.A.; 
J.M.A. Whitehouse, Southampton General 
Hospital, U.K. 

A multi-disciplinary approach is directed to 
solving problems of neoplasms of the hemato- 
poietic system. Continuing updates and reviews 
of the progress in various fields, as well as 
original articles. For 1986 the editorial board and 
scope of this journal has been enlarged to report 
more Clinical material and neoplastic disease of 
other organ systems where there is direct or 
indirect involvement of the hemopoietic system. 


Quarterly 
1986 Volume 4, $120 (UK only £62.00) 


Flavour & Fragrance Journal | 


Editor-in-Chief: Roger Stevens, Sunderland 
Polytechnic, U.K. 


An international journal devoted to the rapid 
publication of scientific and technical papers on 
essential oils and related products. The compre- 
hensive coverage of the journal will be reflected 
s in the wide range of product types embraced, 
such as fragrances and their composition and 
the flavour, colours and odours of foodstuffs. 
Quarterly 
1986 Volume 1, Inaugural Issue Autumn 1985 
$90.00 (UK only £50.00) 


Reader Service No.8 


Human Psychopharmacologegy: 


Clinical & Experimental 


Editor: Dr. Guy Edwards, South Hants General 
Hospital, U.K. 

A new international journal publishing current 
research on new compounds for treating 
psychiatric illness; pre-clinical testing; and 
efficiency and effects in use. 

Quarterly 

1986 Volume 1 (2 issues) $47.50 (UK only £27.50) 


Yeast 
Editor-in-Chief: $.G. Oliver, UMIST, U.K. 


Dedicated to research on the genetics, molecu- J 
lar biology, biochemistry, physiology, cell 
biology, taxonomy and biotechnology of all 
yeast genera. Provides a forum for comment- 
aries on specific aspects of yeast-research. 
Quarterly 

1986 Volume 2 $95.00 (UK only £50.00) 


Cell Biochemistry & Function 


Editor: Professor E.M. Crook, Emeritus Professor 
of Biochemistry, University of London, U.K. 


A forum for reporting and discussing the J 
biochemistry of whole cells and of the link 
between biochemistry and the functioning of 
cells in isolation, in assemblies and in tissues. 


Quarterly 
1986 Volume 4 $120.00 (UK only £65.00) 


Journal of Bioluminescence 


and Chemiluminescence 
Editor-in-Chief: L.C. Kricka, Queen Elizabeth 
Medical Centre, Birmingham, U.K. 


An international journal devoted to fundamen- 
tal and applied aspects of chemiluminescence 
and bioluminescence, including their uses as 
research tools in such diverse fields as 
chemistry, clinical sciences, environmental 
monitoring and microbiology. 


Quarterly 
1986 Volume 1 $105.00 (UK only £65.00} 


Journals Department 

John Wiley & Sons Limited 

Baffins Lane, Chichester 

Sussex PO19 1UD England 
Subscription Dept. ‘C’ 

John Wiley & Sons Inc 
605 Third Avenue, 
New York, N.Y. 10158, U.S.A 
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Iwo outstanding Journals in 
Computer Science and Mathematics 


New... 


JOURNAL OF P i 


Editor: 

J. F. Traub, Columbia University. 

Editorial Board K Arrow, G. DeBreu, Z. Galil, L Hurwicz, J Kadane, R Karp, S. Kirkpatrick, 
HT Kung, M Rabin, S Smale, S. Winograd, S. Wolfram, H Wozniakowskı 


Problems known to be complex occur throughout the sciences. The multidisciplinary Journal 
of Complexity publishes original research papers that contain substantial mathematical 
results on complexity as broadly conceived. 


In the area of computational complexity, the focus is on problems that are approximately 
solved and for which optimal algorithms or lower-bound results are available. The Journal of 
Complexity also publishes articles that provide major new algorithms or make important 
progress on upper bounds. Of particular interest are papers involving analyses of distributed 
systems of parallel computers for which only approximate solutions are available. 


Computational complexity results ın a wide variety of areas are presented. The following ıs a 
partial list of topics: applied mathematics, approximate solution of hard problems, 
approximation theory, control theory, decision theory, design of experiments, distributed 
computation, image understanding, information theory, mathematical economics, numerical 
analysis, parallel computation, prediction and estimation, remote sensing, seismology, 
statistics, and stochastic scheduling. 


The Journal of Complexity also addresses such complexity topics as physical limits of 
computation, chaotic behavior and strange attractors; and complexity in biological, physical, 
or artificial systems. 


Also Available D f 
JOURNAL OF PARALLEL 
AND DISTRIBUTED COMPUTING 


Editors-in-Chief: 
Kai Hwang, School of Electrical Engineering, Purdue University 
Leonard Uhr, Computer Sciences Department, University of Wisconsin 


This international journal is directed to researchers, engineers, educators, managers, 
programmers, and users of computers who have particular interests in parallel processing 
and/or distributed computing. The Journal publishes original research papers and timely 
review articles on the theory, design, evaluation, and practices of parallel and/or distributed 
computing systems. 


m e re STE AAAA MHD CHI Gio EO i a i GY SERN MEARE HII UR LA a A FN MRE MON A a D y 


Please send me: Send your order to either of the following offices- 
Journal of Complexity so Academic Press, Inc. Academic Press, Inc. 
O Volume 1 (1985), 2 issues Journal Promotion Dept (London) Ltd. 
USA and Canada $60 09, All other countries $68 00 1250 Sixth Avenue Journal Marketing Dept 
O Please send me a sample copy San Diego, CA 92101 24-28 Oval Road 
Journal of Parallel and Distributed Computing USA London NW1 7DX 
O Volume 2 (1985), 4 issues ISSN 0743-7315 Tel (619) 230-1840 England 
In the USA and Canada $7000, UK £5950 Payment or credit card information must accompany order 
All other countries $83 00 Prices include postage, handling, and air freight where 
O Please send a sample copy applicable and are subject to change without notice Payment 


must be made ın U S currency, US Bank Draft, International 
money order, or UNESCO coupons AP London also accepts 
payment in £ sterling or payment to UK Post Office Giro 

Acct #583 5356 


O Privileged personal rate information Personal subscription 
rates are available only on orders placed directly with 
the Publisher and paid for out of personal funds 


Method of Payment: 


O Check enclosed © Charge Name (please print) 

Please specify credit card: Address 

O Visa O Chargex O Barclaycard 

O MasterCard O Access _ © EuroCard City 

O American Express O Diners Club State/Zip 

Expiration Date (Mo/Yr) —— 

Credit Country — a 

Card 

cumber AULUNI] ACADEMIC PRESS, INC. 

Signature (Harcourt Brace Jovanovich, Publishers) 
50035D 


First Class Journals in all the Sciences 
New... | 


COMPUTER SPEECH AND LANGUAGE 


Editors: Professor Frank Fallside and Dr. Stephen E. Levinson 


Publication: 4 issues. Subscription: Volume 1, 1986 
Full rate £60.00 (U.K.)/$97.50 (Overseas). Personal rate £30.00 (U.K.)/$50.00 (Overseas) 


The purpose of the journal Computer Speech and Language will be to publish reports of original 
research related to quantitative descriptions of the recognition, understanding, production 
and coding of speech by humans and/or machines 

The speech sciences have a long history but it is only relatively recently that experimentation 
with complex models of speech processes has become feasible. At present such research is 
carried out separately by practitioners of Artificial Intelligence, Computer Science, Electronic 
Engineering, Linguistics, Phonetics and Psychology. Appropriate areas of investigation 
include the use of constructive mathematical analyses, computer simulations, algorithms for 
pattern analysis, syntactic and linguistic structures, the establishment of models of human 
performance and the use of computers in measurements. 


New... 


MICROBIAL PATHOGENESIS 


Molecular and Cellular Biology of Infectious Disease 


Editors-in-Chief: Professor Helena Makela and Professor Neal Nathanson 


Publication: 6 issues. Subscription: Volume 1, 1986 
Full Rate: £80.00 (U.K.)/$120.00 (Overseas). Personal Rate: £40.00 (U.K.)/$60. 00 (Overseas) 


Microbial Pathogenesis aims at being an active participant in the international research effort 
towards understanding infectious disease at the molecular level. High quality, originality of 
ideas, and significance to the field will be the foremost criteria for publication. On the other 
hand, the journal will make every effort at critical review and speedy handling of papers 
submitted. 


WASTE MANAGEMENT & RESEARCH 


The Journal of the International Solid Wastes and Public Cleansing Association 
Editor: R. B. Dean 

Volume 4, 1986, 4 issues, £70.00 (UK)/$95.00 (Overseas) 

Waste Management & Research 1s concerned with all aspects of city cleansing, waste collection, 
treatment, and recycling and disposal, including environmental impact, health, and aesthetic 
considerations. The development of new technologies, case studies of failures and successes, 
and methods suitable for low technology areas are also covered in detail 


JOURNAL OF SYMBOLIC COMPUTATION 


Editor: B. Buchberger 

Volume 2, 1986, 4 issues, £60.00 (UK)/$95.00 (Overseas) 

Journal of Symbolic Computation publishes original articles on all aspects of the algorithmic 
‘ treatment of symbolic objects (terms, formulae, programs, and algebraic and geometrical 


objects), placing emphasis on the mathematical foundation, correctness, and complexity of 
new sequential and parallel algorithms for symbolic computation. 


SUPERLATTICES AND AS aera a R 


Editor-in-Chief: John D. Dow 

Volume 2, 1986, 6 issues, £75.00 (UK)/$132.00 (Overseas) 

Superlattices and Microstructures 1s the research journal devoted to the physics, chemustry, 
materials science, and electrical engineering of submicron structures. It deals not only with 


semiconductors but also with materials possessing metallic, insulating a superconducting 
properties. 


FREE Sample copies available from Journals Marketing Dept., either 24-28 
Oval Road, London NWI 7DX, England or 1250 Sixth Avenue, San Diego, 
CA92101. (Specify journal title). IMD/0985/431 
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ANNALES 
wee) GEOPHYSICAE 


TWO SEPARATE 
SERIES IN 1986 


S, _ ANNALES 
GEOPHYSICAE 


Editor-in- akil : Stephan Mueller (Zürich). 


Series A : Upper Atmosphere and Space Sciences - 
Interplanetary Medium, the Magnetospheres 
and the Upper aa AErES of the Earth and 
Planets. 


Series B : Terrestrial and Planetary Physics - Physics 
of the Earth’s and Planetary Interiors, Physics 
of the Hydrosphere and of the Earth's and 
Planetary e ORRERA l 


1986 subscription rates (vol. 4) 


Series A or B (6 issues) : 690 Frenóh Francs 
Both series (12 issues) : 1220 French Francs 
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modern molecular and cell biology are ap- 
plied to a variety of traditional biological 
questions. The journal's subtitle. News 
and Reviews in Molecular, Cellular and 
Developmental Biology. covers an enor- 
mous and growing field. but one which 
does not belong wholly inside any of the 
current Trends journals nor wholly inside 
any national scientific societies or nterna- 
tional unions. 

Does the existence and growth of work 
crossing the boundaries of the current 
mainstream disciplines warrant a distinct 
new review journal? Many articles tn 
BioEssays would fit comfortably into 
Trends in Biochemistry. Trends in Gene- 
tics or Immunology Today But on the 
evidence of the 12 issues available for 
review it appears that BioEssays, though 
broad in scope, is essentially filling the 
niche caused by the absence ofa Trends in 
Cell Biology, and by the enforced brevity 
of the mini-reviews in Cell 

, seen in those terms, there 1s no doubt 










News ard Ravieas 
n Molocudar, Celu at and 
Oeve'opmental B ology 
Punished for 

io ICSU Prose by 
Carnbridge Un versity 


Volumi $ No 3 


that the journal meets a genuine need and 
meets it well The reviews are authorita- 
tive and clear, the occasional other articles 
are lively and the journal is generally well- 
written. It is not faultless, however. I find 
it rather dull to look at; even the best 
` micrographs seem to lose impact on the 
fussy front cover, and some of the cover 
diagrams have been dismal. And ıt seems 
to me that the well-tried mixture of news 
and reviews is executed here without any 
striking originality. Still, this formula 1s 
well-tried, precisely because it works. The 
short review gives enough scope for the 
author to convey results, opinions, argu- 
ments and sources, while not burdening 
the reader with too much detail. The fea- 
tures — articles on key laboratories, his- 
torical pieces, social comment, meeting 
reports — provide variety and frequently 
offer the seductive combination of en- 
lightenment and gossip. 

There 1s even a straightfaced regular 
column entitled “The Airport Professor” 
which purports, with great seriousness, to 
give advice on the best currency in which 
to buy air tickets, the best seats to ask for 
in a 747, warnings on dubious credit cards, 
advice on hire car rates, notes on road 
works near Smgapore Airport, and so on. 
With a few pearls from “The Airport Pro- 
fessor” — did you know that departure tax 


at Mexico City Airport can be paid only in’ 


local currency? — no one need confess to 
a summer confined to the laboratory and 
the camp-site. E 


Robert Freedman is Senior Lecturer m the 
Biological Laboratory, University of Kent, 
Canterbury, Kent CT2 7NJ, UK. 
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NEW JOURNALS— 
Looking at protocol 


Kim Kaiser 


Gene Analysis Techniques. Editors Jack 
G. Chirikjian and Takis S. Papas Else- 
New York 6/vr. North America $68 
(msttutional), $34 (individual), elsewhere 
$85 (institutional), $51 (individual), 


New techniques arrive so thick and fast in 
molecular biology that I for one find it 
difficult to keep up with them, especially 
as they are often hidden away in the mate- 
rials and methods sections of papers I have 
no other interest in Moreover, as I sus- 
pect do most other people, I tend to resist 
changing from a familiar method until 
either a new technique has proved so 
popular with my colleagues that ıt is dif- 
ficult to ignore it, or it has become codif- 
ied in such experimental manuals as those 
published by Cold Spring Harbor Lab- 
oratory. Unfortunately (but inevitably) 
these manuals are to some extent out of 
date at the time of publication, yet they 
are still treated as bibles several years later. 

In a way this is not a bad thing. That a 
procedure works is of prime importance 
and news of anything radically different 
quickly works its way through the 
grapevine. On the other hand, more-or- 
less minor improvements that make a 
technique simpler, cheaper or more effi- 
cient are discovered from time to time, 
and ıt would be useful to have a forum 
whereby such tmprovements can be 
brought quickly to the attention of the 
laboratory worker That such a need exists 
is exemplified by the success of news- 
letters such as Bethesda Research Lab- 
oratory’s Focus. Focus articles are not 
refereed but feedback is accepted from 
readers. 

Roughly half of the contributions to 
Gene Analysis Techniques, which still con- 
tains only three articles per issue halfway 
into its second year. of publication, are 
relatively simple modifications of or 
comments upon existing experimental pro- 
tocols. Into this category fall papers such 
as that describing the successful substitu- 


£ Gene Analysis 
a ‘Techniques 


tion of cheap non-fat dried milk for the 
“Denhardt’s ingredients” and sheared 
DNA of a hybridization mixture,.one de- 
scribing parameters that greatly enhance 
the efficiency of oligonucleotide extension 
during mutagenesis of DNA fragments in 
M13 vectors, and attempts to quantitate 
the efficiency with which genes introduced 
into mammalian cells are expressed. The 
rest of the papers concern newly de- 
veloped techniques. Into this category fall 
both genuinely useful papers (many of 
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which are of limited general interest, 
however). as well as some describing no 
doubt worthy techniques that are unlikely 
to be taken up by anybody but the inven- 
tor’s colleagues since alternative and 
sometimes simpler methods are already in 
common use 

The production standard of the journal 
ts good, papers appear at most four to five 
months after being received, and no doubt 
the cost of subscription would be saved tf 
even a few of us substituted dried milk for 
BSA and salmon sperm DNA. However, 
no individual is likely to be interested in 
any but a proportion of the limited num- 
ber of contributions each year. If the jour- 
nal were available in our central university 
library I would make an effort to look at 
back issues once or twice a year as, I am 
sure, would many of my colleagues. It 1s 
too expensive, however, for our depart- 
mental library and not worth a personal 
subscription. Lastly, I would suggest to 
the editors that they provide a forum for 
discussion or updating of the published 
material. O 
Kim Kaiser is a Lecturer in the Department of 


Genetics, University of Glasgow, Church Street, 
Glasgow G11 53S, UK 


Ideas of oncology 
John M. Goldman 


Critical Reviews in Oncology/Hematology. 
Editor Stephen Davis. CRC Press. 4/yr. 
North America $104, elsewhere $124. 
Hematological Oncology. Editors J W. 
Parker, R.J. Lukes, G.P. Canellos and 
J.M.A Whitehouse. Wiley 4/yr. UK £62 
(institutional), £46.50 (individual), £31 
(student); North America $120 (institu- 
tional), $90 (individual), $60 (student). 


THE AIM Of Critical Reviews in Oncology/ 
Hematology is “to compile manuscripts 

. which summarize evolving concepts 
within the broad disciplines of oncology 
and hematology... [The] subject mat- 
ter will be discussed in a timely, critical 
and analytical manner”. 

In practice the journal follows the stan- 
dard CRC Critical Reviews format The 
editor invites two or three reviews on 
widely differing topics for each issue, and 
then submits the finished manuscript to an 
independent referee whose job is to cor- 
rect errors and draw attention to omis- 
sions. The result in most cases is an excel- 
lent and comprehensive review, such as 
“Staging for conservative management of 
Hodgkin’s disease”, “Monoclonal anti- 
bodies in cancer”, “The fibrinolytic sys- 
tem in man” or “Internal mammary scin- 
tigraphy”, written by undoubted experts 
in the field. Each review runs to about 25 
or 30 pages. The number of references 
varies from about 100 to more than 500. 

I can see just two drawbacks in this 
approach. First, the very wide range of 
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subjects which the editor attempts to cov- 
er, and the fact that so few reviews actual- 
ly appear in each number, mean that the 
specialist reader will be lucky to find even 
one article of specific interest in a year’s 
issues. Secondly, the way an which the 
issues are produced suggests that the in- 
terval between the submission of a manu- 
script and its eventual appearance in print 
may be quite substantial, perhaps more 
than a year. For some subjects this may 
not matter too much — I was fascinated to 
read that carly allusions to fibrinolysis can 
be found in the work of Hippocrates — 
but in other, fast-moving areas such delays 
can be frustrating These reservations not- 
withstanding, the scientific standard is un- 
doubtedly high and all medical libraries 
will need to subscribe, 

The scope of Hematological Oncology, 
defined tn the editorial in the first issue, 15 
also wide, not to say formidable — 
“pathology, radiodiagnosis, radiation 


CRITICAL REVIEWS 
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therapy, medical oncology, immunology, 
virology, epidemiology, tissue culture, n 
vitro drug testing, cytogenetics, cell kine- 
tics, receptor assays, HLA studies and 
other related areas”, to mention only 
some of the topics. This must mean that 
the journal will consider virtually any con- 
tribution in the field of oncology, though 
In practice the contents reflect the editors’ 
particular interests (the immunopathol- 
ogy, clinical features and treatment of 
lymphoproliferative disorders). Papers 
on cell lines, cytogenetics and oncogenic 
viruses are also well represented. 

The bulk of each issue consists of origin- 
al research papers of somewhat variable 
quality, but the editors have solicited and 
published a number of valuable review 
articles —on simian AIDS, the Kiel classi- 
fication of non-Hodgkin's lymphoma and 
purging bone marrow before autograft- 
ing, for example. Also included are short 
communications, book reviews and a 
forum m which individual topics are 
addressed by chosen authors; letters from 
readers are invited. It appears that the 
time from acceptance to publication ts 
agreeably short 


Overall, thts journal looks like being a. 


useful addition to the oncological litera- 
ture. But perhaps its precise content needs 
to be somewhat more narrowly defined 
for the future O 


John M Goldman i m the Medical Research 
Councils Leukaenua Unit at the Roval Post- 
graduate Medical School, Hanunersmuh Hos- 
pual, Ducane Road, London W12 OHS, UK 
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Cosmopolitan agents 


in context 
B.L. Ginsborg 


Biogenic Amines: The International Inter- 
disciplinary Journal Reporting Basic 
and Clinical Research on Biogenic Amines 
and Aminoacid Transmitters. Chief 
editors H. Parvez and T. Nagatsu. VNU 
Science Press lyr. Surface DM 378, air 
DM 390. 


Biogenic Amines is published in Utrecht, 
its price is set ın deutschmark; its editors- 
in-chief are Parvez from Paris and Nagat- 
su from Nagoya, and its editorial board of 
some 50 members is drawn from eleven 
different countries, and includes Axelrod 
from Bethesda, Sandler from London, 
Lapin from Leningrad and Seeman from 
Toronto. In a sample of four tssues, 
amounting to about 320 pages, thirteen 
articles are from Japan, five from the 
GDR and the remaining fifteen from 
eleven other countries. 

Among the titles of papers in the sample 
are “Oxidation of acetylpolyamines by 
amine oxidases from soybean and oat 
seedlings”, “A sensitive assay for B- 
phenylethylamine i in biological samples by 
gas chromatography/chemical ionization 
mass spectrometry”, “Tyramine-induced 
suppression of central noradrenergic 
neurons following monoamine oxidase 
inhibition” and “Elevated levels of 
polyamines and radioimmunoassayable 6- 
hydroxymethylpterin-like compound in 
urine from cancer patients”. The domi- 
nant subject of investigation is the rat 
(seventeen articles) but also studied are 
man (five articles), the goat, chicken, dog, 
goldfish, rabbit and bovine adrenal 
medulla. From all this it is evident that the 
publisher’s description of the journal as 
“international and interdisciplinary . 
reporting basic and clinica! research” 
would not contravene any trade- 
description act. 

The papers are in Enghsh, and have the 
standard format of introduction, 
methods, results, discussion and refer- 





ences. There are no page aes Clearly, 
Biogenic Amines could provide an 
alternative home for papers which might 
otherwise have appeared, at least in 
respect of their subject matter, in 
established journals of biochemistry, 
pharmacology, analytical methods or 
neuroscience But my guess is that 
authors will generally continue to send 
their more exciting work to a journal of 
the appropriate discipline. 

It is true that there are successful jour- 
nals concerned exclusively with particular 


ig x 
SE whe 
ý we Paes 
G Mi ic : 
$ t . 4 7 Pe 
aa he) + x aes Page” A A 
y Z i ge 
x $ a) 


NATURE VOL 317 26 SEPTEMBER 1985 


classes of agents of biological interest. 
such as cyclic nucleotides, neuropeptides 
and prostaglandins to mention but three. 
However these are substances in their 
adolescence which attract enthusiastic, 
single-minded followers determined to 
assign to them as many biological func- 
tions as possible. By contrast. amines 
already occupy positions of undisputed 
importance in the biological scheme of 
things. They do not seem to me to require 
positive discrimination in the form of an 
exclusive publication. O 


B.L Giınsborg is a Professor in the Department 
of Pharmacology, University of Edinburgh, 1 
George Square, Edinburgh, EH8 9JZ, UK. 





Periodical changes 
A. J. Leigh Brown 


Molecular Biology and Evolution. Editor- 
in-chief Walter M. Fitch. University of 
Chicago Press. 6lyr. North America $60 
(institutional), $30 (individual); elsewhere 
$64 (institutional), $34 (individual). 


IN RECENT years, the molecular approach 
to evolutionary biology has proved very 
fruitful. Few would dispute the interest 
engendered by the mass of data coming 
from this source, although it may be some 
time before our understanding of the pro- 
cess of adaptive evolution 1s greatly adv- 
anced by them. In these circumstances it 1s 
hardly surprising that a new journal 
should appear, although the impetus for 
the appearance of Molecular Biology and 
Evolution came from scientists, rather 
than a publishing company. Perhaps in 
consequence, the subscription price is 
very reasonable, but it remains to be seen 
whether the journal will fulfil all the hopes 
of its editors. 

One of the intentions of the journal is to 
bring together articles covering the broad 
field of molecular aspects of evolution. 
Certainly, the contributions published to 
date might previously have appeared in a 
very wide range of journals so this aim has 
been fulfilled. They present evolutionary 
studies which utilize nucleic acid sequ- 
ences, restriction maps, immunological 
distances and enzyme polymorphism, and 
both prokaryotic and eukaryotic systems 
are well represented. There are regular 
theoretical contributions also; these are 
closely related to experimental work and 
fit in well with the overall theme. Papers 
of all lengths have been published, and a 
few reviews, book reviews and an occa- 
sional letter to the editor have also 
appeared. The quality of many of the arti- 
‘cles has been very high. 

Each number of Molecular Biology and 
Evolution contains five or six papers. Sur- 
prisingly, the journal has not expanded 
since its first issues and perhaps it has not 
yet caught the attention of molecular 
biologists en masse. Some features may be 
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acting as a deterrent. Evolutionary biolog- 
ists have a relatively leisurely life when ıt 
comes to reading the current literature, 
with a handful of relevant journals pro- 
ducing perhaps 50-60 papers a month ın 
all, but molecular biologists might be 


Molecular Biology 
and Evolution 


faced with five times as many. A new 
publication will clearly have to offer 
something extra to attract the attention 
of the beleaguered molecular biologist. 
Some pointers can be found among the 
more successful journals covering the 
subject — large formats, which allow 
bigger, better produced figures and tables; 
distinguishing the results from the mat- 
erials and methods section by position or 
typeface; and, finally, quick publication. 
Molecular Biology and Evolution falls 
down in these respects. Some of the 
illustrations have been quite clear, but 
Others have been cramped, and some 
DNA sequences have been very poorly 
reproduced. The small page size and lack 
of distinction between sections makes it 
difficult to jump to the key results of a 
piece of work. And six months, which 
seems to be the norm, is now a long time 
between acceptance and publication. 
While the subscription price is much 
more attractive, these adverse points will 
not have helped the journal to establish 
itself alongside the Journal of Molecular 
Evolution. O 


Andrew Leigh Brown is a Lecturer in the 
Department of Genetics, University of 
Edinburgh, King’s Buildings, West Mains 
Road, Edinburgh EH9 3JN, UK. 


Heredity in disorder 
D. F. Roberts 


Genetic Epidemiology. Editor-in-chief D 
C. Rao. Alan R. Liss. 4/yr. North America 
$190 (institutional), $90 (individual); else- 
where $213 (institutional), $113 (indt- 
vidual). 


THE first reference to epidemiology in the 
genetic context seems to have been in 
Human Heredity (1954), where Neel and 
Schull pointed out its value in helping clar- 
ify the contributions of heredity and en- 
vironment to the aetiology of a disorder. 
This is one of the reasons given for the 
launch of Genetic Epidemiology, a term 
more frequently used in North Amenca 
than in Europe. Other reasons are to help 
in the interpretation of our increasing 
knowledge of DNA structure, and in 
understanding the genetic effects of the 
introduction into the environment of 
potentially mutagenic agents. 

An appreciable proportion of the pap- 
ers in the four issues of Vol 1 are ın the 
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first category, for example that on the 
measurement of the genetic contribution 
to breast cancer ın Denmark, but only one 
deals with a DNA probe and none relates 
specifically to mutational effects The 
general content is wider. Some papers, for 
example one on coeliac disease, are based 
on heterogeneous samples from several 
populations, are concerned exclusively 
with genetic analysis and have little 
epidemiological content. There are sev- 
eral, too, that are theoretical in nature, 
concerned with techniques rather than 
their application, and have little claim to 
be of particular relevance to genetic epi- 
demiology 

These articles — indeed all of the con- 
tributions ın the first volume — would not 
have been out of place in many of the 
established journals on human genetics. 
Why then introduce a new one? Neel (p. 
6) points out that Genetic Epidemiology 
will provide a common forum for all those 
whose various interests impinge on the 
subject. But Motulsky (p. 144) sounds a 
word of caution: this new journal should 
not result in the erection of barriers 


GENETIC 


EPIDEMIOLOGY 





around a small group of researchers 
who use complex methods which they 
alone understand, and who do not com- 
municate with biological and medical 
workers. 

The papers are of varying lengths, but 
of a uniformly high standard. Despite the 
rigorous refereeing procedure, Vol. 1 
(published in 1984) includes articles 
accepted up to September of that year, so 
obviously processing of manuscripts is 
prompt. The quality of production is 
rather better than some of the other Alan 
Liss titles, but the journal 1s not particular- 
ly cheap. 

Genetic Epidemiology will perform a 
valuable function if it concentrates on 
material that is strictly concerned with the 
subject implied by its title. If it is broader 
ın scope, as the first volume is, it may also 
be useful in relieving the pressure on 
established journals. Certainly, given the 
quality of the articles published to date, it 
deserves to succeed. a 


D F. Roberts ts Professor in the Department of 


Human Genetics, University of Newcastle upon 
Tyne, 19 Claremont Place, Newcastle upon 
Tyne, NE2 4AA, UK 


Autumn books 

Nature’s next review supplement is Autumn 
books, which appears on 14 November Among 
the books to be reviewed are Vaulting Ambition 
(by Philip Kitcher); The Joy of Science (by Carl 
J Sindermann), Einstein in America (by Jamie 
Sayen); The Dialectical Biologist (by Richard 
Levins and Richard Lewontin), Seven Clues to 
the Origin of Life (by A G Cairns-Smith); 
Superpower Games (by Steven J. Brams), and 
The World Food Problem 1950 — 1980 (by 
David Grigg) 
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Into ultrastructure 
Audrey Glauert — 


Journal of Electron Microscopy Techni- 
que. Editor-in-chief John E. Johnson, Jr 
Alan R. Liss. 8/yr North America $175 
(institutional), $85 (individual); elsewhere 
5199 (institutional), $109 (individual). 


ELECTRON microscopy is flourishing and 
continues to make major contributions to 
our understanding of the ultrastructure of 
materials of diverse ongin, from moon 
dust to the biological macromolecules 
which are fundamental to living processes. 
A basic core of techniques is now well 
established but there has never ceased to 
be expansion in the scope of electron mic- 
roscopy, resulting from the development 
of new instruments and advances in their 
mode of operation, and from the increas- 
ing sophistication of methods for image 
analysis and for preparing specimens for 
examination. 

In this sense, electron microscopy is still 
a young science with a consequent need of 
a vigorous journal literature to dissemi- 
nate technical information quickly and as 
widely as possible. This task is ably per- 
formed by established publications (such 
as the Journal of Microscopy, Micron and 
Microscopica Acta and Ultramicroscopy) 
and so there arises the inevitable question 
— why yet another journal? 

As its title declares, the aim of the Jour- 
nal of Electron Microscopy Technique is to 
publish detailed articles on methods in 
electron microscopy. The danger for such 
a journal is that it may become an outlet 
for second-rate papers describing results 
with little methodology, and it is gratifying 
to see that this new publication has admir- 
ably followed its own guidelines so far.In 
this, however, it does not differ from ex- 
isting journals. In particular it has much in 
common with the Journal of Microscopy, 
on which it appears to be modelled (a 
compliment for the latter; imitation is the 


-sincerest form of flattery). 


There will inevitably be some competi- 
tion between the two journals but this may 
be no bad thing. The Journal of Micros- 
copy ıs unique in that it gives equal weight 
to all forms of microscopy, so that it plays 
a leading role ın those fruitful areas where 
light and electron microscopy meet. It 
attracts contributions from a wide range of 
countries, especially in Europe, while the 
Journal of Electron Microscopy Techni- 
que has already shown itself to be popular 
in North America. There are always 
advantages in publishing nearer home. If 
the Journal of Electron Microscopy Tech- 
nique can maintain the high standards of 
these early issues it deserves to succeed. O 


Audrey Glauert is at the Strangeways Research 
Laboratory, Worts’ Causeway, Cambridge CB1 
4RN, UK. She is editor of the series Practical 
Methods in Electron Microscopy, published by 
Elsevier 
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Viruses in medicine 
and in science 
D.J. Rowlands 


Vaccine. Editor R.E. Spier. Butterworths. 
4/yr. UK £82 (institutional), £20 (indi- 
vidual); North America $162 (institution- 
al), $40 (individual). 

Virus Research: An International Journal 
of Molecular and Cellular Virology. 
Editors-in-chief Bryan Mahy and Richard 
Compans. Elsevier. 8/yr. Dfl. 448, 
$154.48. 


ADVANCES Of the past few years, particu- 
larly in molecular biology and genetic en- 
gineering, have paved the way to novel 
approaches to vaccine technology which 
hitherto had basically remained unaltered 
since the days of Pasteur. So it is a propi- 
tious time to launch a new journal cover- 
ing the wide range of topics relating to 
immunoprophylaxis, and Vaccine has set 
itself this task. 

Many of the developments which may 
have great significance in future vaccine 
production are in areas at the forefront of 
molecular biology and immunology re- 
search, and consequently tend to appear 
in established “prestige” publications. 
Vaccine, however, is a very rounded jour- 
nal in that it regularly includes editorial 
comment and readers’ letters. Each issue 
also features a short review article on a 
topical subject, patent reports and a meet- 
ings’ calendar. The editors have therefore 
produced a journal in the broadest sense 
as opposed to a collection of papers. The 
four issues comprising each volume in- 
clude some 30 or so refereed original pap- 
ers, published eight to nine months after 
submission. Most of the contributions are 
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concerned with virus vaccines and are sub- 
mitted from many countries throughout 
the world. The price is reasonable. 

Virus Research is a more specialized 
journal and does not have the interdisci- 
plinary goals of Vaccine. Its scope is prin- 
cipally molecular aspects of virology, and 
it can therefore be seen as a rival to the 
long-established Journal of Virology and 
to acertain extent Virology. It is question- 
able whether a new journal was required 
in this particular arena but one or two 
features of the organization of Virus 
Research should give it some competitive 
advantages. Paramount amongst these is 
the arrangement of having a chief editor in 
both the United States and Britain, which 
should overcome the suspicion (whether 
well founded or not) of discrimination that 
some authors from Europe feel about sub- 
mitting their work to American journals 
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and vice versa. Examination of several 
issues shows that authors from Europe 
and the United States are contributing 
similar numbers of papers, although it is 
probably too early in the journal’s history 
for a stable pattern to have emerged In 
contrast to Journal of Virology, Virus 
Research does not demand page charges, a 
great advantage at a time when research 
funding is lean. 

The eight annual issues together con- 
tain some 50-60 papers, and these are ref- 
ereed and appear about six months after 


submission. The quality of work published . 


and the calibre of the authors is generally 
good. The overall standard of printing and 
presentation is quite acceptable (with the 
minor criticism that the paper used is of a 
type that allows printing on the reverse 
side of the page to show through to some 
extent, a point that also applies to Vac- 
cine), and the price is not exorbitant. 


The rivals in review | 
John Birch 


Biotechnology ` Advances: - Research Re- 
views and Patent Abstracts. Editors M. 
Moo- Young, J.D. Bu’lock, C.L. Cooney 
and B.R. Glick. Pergamon. 2/yr. UK £65 
(institutional), £29 (individual); North 
America $110 (institutional), $50 (indi- 
vidual). 

Critical Reviews in Biotechnology. Editors 
George G. Stewart and Inge Russell. CRC 
Press. 4/yr. North America $104; elsewhere 
$124. 


PUBLISHING 1n biotechnology has been a 
growth industry over the past few years 
and it must be increasingly difficult to find 
a niche that is not already well served by 
an existing journal. This must be particu- 
larly true for these two journals, both of 
which were launched in 1983 as vehicles 
for review articles. 

Pergamon’s Biotechnology Advances 
has an unusual format, being made up 
principally of mini-reviews and patent 
abstracts with a very short section giving 
summaries of technical reports released, 
for example, by government agencies. 
The reviews are intended to address all the 
main areas of biotechnology, and indeed 
in the issues to date they have covered a 
wide range of topics, from recombinant 
DNA and monoclonal antibodies to 
waste-water treatment. 

The editors have the declared aim of 
satisfying both the specialist and the 
generalist but in so doing may end up 
pleasing neither. Although the papers 
give extensive literature references, they 
are brief to the point of austerity and lack 
adequate discussion. Hence, while the 
specialist may find them rather superficial 
the generalist will find them very dry read- 
ing. One is further deterred from brows- 
ing through the journal by the unattractive 
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A few meetings anouncements apart, 
Virus Research contains no material ancil- 
lary to research papers. While it 1s stated 
that invited reviews will be published, 
none have appeared to date, and there is 
no space devoted to comment, either 
editorial or from readers. The journal is 
therefore a compendium of papers and 


VIRUS 
RESEARCH ` 


lacks the sense of involvement in its subject 
that 1s evident in Vaccine. It does, how- 
ever, have its strengths, and it will be in- 
teresting to follow the evolution of this 
journal with respect to its major competi- 
tors in the United States. 


D.J. Rowlands ts at Wellcome Biotechnology 
Limited, Ash Road, Pirbright, Woking, Surrey 
GU240NQ, UK. 


camera-ready script. This may be essential 
for rapid-publication journals but I really 
wonder whether it is necessary for a twice- 
yearly publication. 

J did not find the patent abstract section 
particularly useful. It only covers US pa- 
tents, is not as well done as in specialist 
publications such as Derwent Biotechnolo- 
gy Abstracts and, for commercial users at 
least, is infrequent. The abstracts are di- 
vided into subject areas on what seems at 
times to be a fairly arbitrary basis. This, 
combined with the absence of an index or 
any cross-references, makes the section 
awkward to use. The final part of the jour- 
nal summarizing technical reports is again 
very brief and, as with the patents, there 
are better ways of accessing this informa- 
tion. 

The CRC offering is an addition to their 
extensive list of Critical Reviews journals. 
To date at least ıt has concentrated on the 
applied process end of biotechnology, 
with articles on industrial enzymes, 
biomass and ethanol production as well as 
aspects of fermentation technology such 
as the use of immobilized cells. The jour- 
nal is attractively produced and the re- ` 
views are well written. Topics are covered 
in considerable depth with typically two or 
three reviews per issue. Unusually, the 
paper’s referees are cited. 

The question with this journal, as with 
Biotechnology Advances, is whether it 
really fills a gap — there are already first- 
rate review publications in this area, 
such as Advances in Biotechnological 
Processes and Advances in Biochemical 
Engineering/Biotechnology. Critical Re- 
views in Biotechnology may find devotees 
in the particular areas they are addressing, 
but Biotechnology Advances could find it 
harder to achieve popularity with the 
general readership at whichitisaimed. O 


John Burch is Director of Fermentation and 
Downstream Processing at Celltech Limited, 
244-250 Bath Road, Slough SLI 4DY, Berk- 
shire, UK. 





Dynamics and Stability of Systems = 
— An International Journal - 
Designed to serve as an outlet for onginal research P 


conceming the stability, mstabilty, bifurcation, and galo 
behaviour of man-made systems. ` 


Volume One: UK £50 00, North Amenca US $100. 00, Elsewhere 


£6000. — 
Health Promotion [it to, 
— An International Journal Derg 


` NEW JOURNALS FROM OXFORD- FOR 1986 
- Commencing Publication 


Established as a response to the renewed European interest in - 


public health, this journal will provide a focal pont for papers of 
high quahty which document mnovative action, research projects 
policy formation and implementation and the development of 
theories and concepts in the area of health practice. 


*Volume One: UK £40.00, North Amenca US $85.00; Elsewhere 
£50.00. 


c 
Health Policy and Planning cat for 
— A Joumal on Health in Development “Per 
Concemed with issues in health policy, planning, management 


and evaluation, mainly focusing on these issues in the developing 
world 


*Volume One: UK £4000; North Amenca US sbi 00: Elsewhere 


£50 00 





IMA Mathematics in 
Management F 


Cay 
Pane, 


flop 


‘This new journal, commencing publication mid 1986, is mtended 


to provide an outlet for onginal ‘high quality papers in 


- mathematics related to management theory and practice 


Volume One: UK £50.00; North Amenca US $120 uy Elsewhere 
£60.00 a 


Information Technology for bag fr 
Development — An international Journal 


The primary objective of this journal is to provide a forum in 
which management and information technology practitioners can 
share their expenence in the apphcation of information 
technology in developing country environments 


‘Volume One: UK £40. 00, North America US $100 00, Elsewhere 
£50.00. 


Literary and Linguistic Computing 


Combining the Journal and Bulletin of the Association of Literary _ 
and Linguistic Computing, this journal will be devoted to all 
aspects of computer usage in language, literature and related 


: subjects 


*Volume One: UK £24.00, North Amenca US 945, 00; Elsewhere 


> £28.00 


Established journals published by OUP from 1986 


British Journal of Orthodontics 


The journal ıs intended to be of interest not only for the specialist , 


but also for any who have a particular terest m the subject, 
imcluding students, both undergraduate and postgraduate. 


Volume 13: UK £24 00; North Amenca US $50 00; Elsewhere 
£28 00. ; 


Community Medicine 


Joumal of the Faculty of Community Medicine of the Royal 
College of Physicians of the United Kingdom Each issue contains 
Original articles, book reviews, notes and news, correspondence 
and a communicable disease report 


Volume.8 UK £20.00; North America US $45.00; Elsewhere £25.00 


Me 


European Journal of Orthodontics - 


One of the leading periodicals in its field, the journal publishes © 


clinical and scientific papers that are of mterest to all 
orthodontists. 


Volume 8. UK £25.00; North America US $50.00, Elsewhere £25.00. . 


IMA Journal of Applied | 
. Mathematics 


The journal will publish carefully selected papers jean 
original research ın all areas of the apphcation of mathematıcs. 


Volumes 36-37. UK £97.00: North Amenca US $233. 20; Elsewhere 
£130.00 . ” 
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IMA Journal of Numerical Analysis 


„The IMA Journal of Numencal Analysis publishes onginal 


contnbutions to all frelds of numerical analysis. Articles will be 
accepted which treat the theory, development or use of practical 
algorithms and interactions between these aspects Occasional 
survey articles will also be puDhened intending authors should 


l . consult the Editors 


Volume 6. UK £70.00; North Amenca US $172 70; Elsewhere 


£90.00. 


Solid Mechanics Archives 


The aim of the journal is the collection and dissemination of 


- recent scientific advances and trends of research In various areas 
-of solid mechanics. 


- Volume 11 UK £50.00; North Amenca US $100 00; Elsewhere 


£60.00 


Teaching Mathematics and its 


. Applications 


Designed to provide mathematics teachers, ın secondary and 


` tertiary education, with interesting and stimulating material 


which can be used in thew teachmg 
Volume 5° UK £20.00; North America US $45.00; Elsewhere £25 00 
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Stay current with the © 
latest research... | 


` New journals from Gordon + Breach and Harwood | 


' Journal of Enzyme 
Inhibition 


Editor-in-Chief: H. John Smith, University 


of Wales Institute of Science and 
Technology, UK 


The journal of Enzyme inhibition affords - ` 
ready access to international findings inthe 


area of enzyme inhibitors and inhibitory 
processes. Significant research papers, 
short communications and reviews offer 
discerning reports on current l 
developments across the disciplines of 

- enzymology, cell biology, microbiology, 
physiology and pharmacology, drug _ 


design and biophysics. Among the many ` 


_ fields of enquiry, specific attention ıs 


directed towards structural and molecular 


studies, kinetics and inactivation 
mechanisms, structure-activity 
relationships in drug development, and 
control mechanisms in metabolic 
processes, to keep the scientist abreast of 
today’s vital research activity. 


A Harwood journal 

First issue due September 1985 

4 issues per volume 

ISSN: 8755-5093 - 

Corporate subscription price per volume: 
$190.00 ' 


University/academic library subscription | 


price per volume: $162.00 
Individual subscription price per volume: 
$80.00* " 


Free Radical Research 
Communications 


Managing Editor: J. V. Bannister, 
University of Oxford, UK 


Free Radical Research Communications 
will publish articles on the chemistry of ` 
free radicals, the production of free 
radicals by xenobiotics and biological 
systems, free radical damage to cells and 
tissues and defence mechanisms against 


free radical damage. The journal’s purpose 
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‘is to facilitate the rapid publication of 





as well as short communications and 
reviews. 


A Harwood journal 
First issue due September 1985 
6 issues per volume’ 
ASSN: 8755-0199 
Corporate subscription price per volume: 
$168.00 
University/academic library subscription 
‘|’ pricepervolume: $142.00 ~ . 
_ Individual subscription price per volume: 
" $72.00* ' . 
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Precision Machinery, 
| Medical Engineering and 
_Mechaoptoelectronics 
An International Journal of Systemics. 


\ 
‘ 


Editor-in-Chief: Hiroyasu Funakubo, 
| University of Tokyo, Japan 


As recent advances in robotics and high- 
precision machinery become more widely 
used in society, the need for advanced- 
level research to explore and develop new 
applications also increases. Precision 
Machinery, Medical Engineering and 
Mechaoptoelectronics is a forum for this 
research. Interdisciplinary in nature, the 

_ journal will emphasize the organic 
relationship between advances in the 


applications of robotics and in mechanics, 


.computers, actuators, visual and sensory 





emerging ideas and developments through 
` -significant research papers and hypotheses 


recognition, self-controlled operators, 
miniaturization, ceramics, organic, ~ 
magnetic and biological materials, 
chemical and biological reactions, 
physiology and psychology. 

A Gordon + Breach journal 

Current volume block: Volume 1, 1985 

4 issues per volume 

ISSN: 0741—3327 , 
Corporate subscription price per volume: 
$420.00 

University/academic library subscription 
price per volume: $358.00 

Individual subscription price per volume: 
$180,00* 1 4 


N 


Systems Research and 


Information Science 


Editor: F. H. George, Brunel University, 
UK i 


Systems Research and Information Science 
is primarily concerned with theoretical, 
empirical and methodological issues 
connected with the information sciences 
and technologies. It deals with systems 
analysis and design, systems science, 


’ cybernetics, artificial intelligence, 


psychology, philosophy (especially of 
science and technology), and 
mathematics, logic and statistics used as ` 
method. In particular, knowledge based 
and expert systems will be of interest. 


A Gordon + Breach journal l 
Current volume block: Volume 1., 1985 
4 issues per volume 

ISSN: 0882-3014 ` : 
Corporate subscription price per volume: 
$108.00 
University/academic library subscription 
price per volume: $92.00 

Individual subscription price per volume: 
$46.00* 


*individual subscription rate is available only to 
individuals who subscribe directly from the 
publisher and who pay through personal cheques or 
credit cards. 


Send now for your free sample. copy to: 
SIRS P.O. Box 786, Cooper Station, New York, NY 10276, USA - 


‘P.O. Box 197, London WC2E 9PX, UK 


~ 
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Talking of molecular 
stereodynamics 


Struther Arnott 


Journal of Biomolecular Structure & 
Dynamics. Editor-in-chief Ramaswamy 
H. Sarma. Adenine Press, PO Box 355, 
Guilderland, New York 12084, USA. 6/yr. 
$351 (corporate), $240 (institutional), $99 
(individual), $60 (student). 


Some think that the State University of 
New York at Albany is an academic back- 
water, another memorial in elegant con- 
crete to the brave but abortive efforts of 
the late Governor Rockefeller to mimic in 
his state the economic magnetism of the 
University of -California system. Yet 
Albany has become magnetic in an unex- 
pected way as a Mecca for the legions of 


(mainly nucleic acid) physical biochemists . 


who are the intellectual offspring or 
grandchildren of the philoprogenitive 
` pioneers of what passed for molecular 
biology in the 1950s and early 1960s. 
There is now a biennial pilgrimage to the 
“Conversations in Biomolecular Stereo- 
dynamics”, whose efficient and verveful 
impresario is Ramaswamy Sarma. 

As is now too often the case, these Con- 
versations begat published proceedings. 
Then, to the surprise of many contributors 
but the dismay of only a few, the proceed- 
ings of the Third Conversation were trans- 
muted into the first four or five numbers of 
the Journal of Biomolecular Structure & 
Dynamics. 

Anyone who has had to swallow the 
sour draught of the patronizing reports 


Journal of 
Biomolecular structure & Dynamics 


from the Journal of Molecular Biology 
must welcome a new journal which not 
only permits you to nominate your own 
referees, but urges you to list scientists 
who should not be allowed to referee your 
paper. The price of such a liberal policy is 
all too evident: poor articles with the spu- 
rious authority of plenty of numbers and 
good graphics have come to rest here after 
unsuccessful attempts to dock in more dis- 
criminating journals; strident articles that 
are more offensively partisan than is com- 
mon; and potentially good articles that 
have been permitted to be self-indulgently 
prolix. Some editors have exploited this 
licence no less than their other authors. 
But reforms may be imminent. As a start, 
we are told, the editor responsible for 
accepting a paper will in future be adver- 
tised. 

The production of the journal is “high 
tech”. Potential authors are invited to 
submit manuscripts on computer tapes or 
floppy discs or by electronic transmission. 
Laser optics are used to read ordinary 
‘manuscripts and to set type. In-house 
‘copy editing has been profitably aban- 





NEW JOURNALS 


doned, and fastidiousness about English 
usage has been gaily abandoned. Never- 
theless, successive numbers have been 
pleasant to read and look at, with un- 
grudging space for illustrations. 

The popularity of the Conversations in 
Albany indicates that there is a gap for this 
journal to exploit. This interstitial niche is 
occupied by physical scientists on the 
fringes of biology who are concerned 
mainly with molecular structures. They 
have at their disposal increasingly power- 
ful probes, such as nuclear magnetic reso- 
nance and X-ray diffraction, and tools 
such as computer graphics and even super- 
computers. The preferred audience for 
their voluminous output ts people like 
themselves, despite the obvious danger of 
intellectual incest through protection 


299 





- from the proper darwinian pressures both 


from specialists in the technologies being 
used and from the biologists who should 
be defining the goals of this large invest- 
ment in people and hardware 

Ironically the long-term scientific suc- 
cess of the Journal of Biomolecular Struc- 
ture & Dynamics may be ensured only by 
divergent evolution from the phenotype 
that ensured its successful birth. That this 
may be possible is demonstrated by a re- 
cent policy decision to de-parochialize the 
board of editors, currently dominated by 
nucleic acid interests. Such a step is neces- 
sary. [doubtifit will prove sufficient. LI 


Struther Arnott ts Vice President for Research 
and Dean of the Graduate School, Purdue 
University, West Lafayette, Indiana 47907, 
USA. 





Resonating promise 
David Gadian: 


Magnetic Resonance in Medicine. Editor- 
in-chief E. Raymond Andrew. Academic. 

6lyr. UK £68.50, North America $85 (for 
1985). 

Magnetic Resonance Imaging: An Inter- 
national Journal of Basic Research and 
Clinical Applications. Editors-in-chief 
John C. Gore and Francis W. Smith. Per- 
gamon. 6Olyr. UK £88 (institutional), £29 
(individual); North America $150 (institu- 
tional), $50 (individual). —~ 


NucLEAR magnetic resonance (NMR) is 
attracting considerable interest as a non- 
invasive method of obtaining images of 
the human body and of studying: tissue 
metabolism. The related technique of 
electron paramagnetic resonance is also 
becoming increasingly used in biomedical 
research. Much of the work in this area is 


highly interdisciplinary, and established 


meetings and journals do not necessarily 
provide an appropriate forum for discus- 
sion or publication of research results; 
hence the emergence of two new societies 
and their associated journals. 

Magnetic Resonance in Medicine, which 
is the official journal of the Society of 
Magnetic Resonance in Medicine, has 
taken the eminently sensible approach of 
adopting a similar format to the well- 
respected and well-established Journal of 
Magnetic Resonance. The journal includes 
regular papers, together with shorter com- 
munications and notes, and many of the 
recent papers have appeared within eight 
to nine months of submission. As the offi- 
cial journal of a flourishing society, the 
journal should be assured of a fairly wide 
readership, and it should attract contribu- 
tions from the many magnetic resonance 
specialists who are now involved ın bio- 
medical research. 

Magnetic Resonance Imaging is also the 


official publication of a new society, the - 


Society of Magnetic Resonance Imaging. 


Its emphasis differs somewhat from that of 
Magnetic Resonance in Medicine, in that 
rather more of the articles are clinically 
orientated, with many contributions com- 
ing from hospital research groups. Thus, 
as well as original scientific papers on phy- 
sics, biology and medicine, clinical case 
reports are also published. In addition, an 
abstract service, book reviews, review 
articles and some invited articles are regu- 
lar features From time to time, the inten- 
tion is to devote special numbers to areas 
of particular importance; for example a 
recent issue is concerned specifically with 
the use of contrast agents in magnetic 
resonance imaging. i 
In the short term, the success: of these 
journals will depend on the number of . 
high-quality papers that they attract, and 
in this respect they have taken steps ın the 
right direction, with good editorial control 
and improving speed of publication. 
Further evidence of health 1s that both 
have progressed from quarterly to 
bimonthly publication. It might seem that 
the appearance of two new journals de- 


Magnetic 

Resonance 

w = a 

in Medicine 
voted to this fairly specialized area is ex- 
cessive. However, they do differ in their 
emphasis and approach, and if this distinc- 
tion between them develops further then 
each should find its own niche. With 
regard to their long term prospects, 
magnetic resonance continues to advance 
in leaps and bounds forty years after the 
first successful NMR studies were per- 
formed, and there is every reason to 
believe that further developments will 


continue to justify the existence of these 
journals. O 


David Gadtan ts Director of Physics in Relation 
to Surgery at the Royal College of Surgeons of 
England, 35-43 Lincoin’s, Inn Fields, London 

w 2A 3PN, UK i 
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Definition by doing 


Andrew Miller 


European Biophysics Journal. Managing 
editor Peter Bayley. Springer-Verlag. 
6/yr. DM472, $172. 


Wuart 1s biophysics? Simply what bio- 
physicists do? Better, it might seem, is a 
definition that emphasizes that biophysics 
is a technique-orientated subject: “the 
application of the concepts and methods 
of physics to propiems in biology”, 
perhaps. 

If we take this response and compare it 
with what goes on in university depart- 
ments of biophysics, or with the contents 
of biophysics journals, complications be- 
come evident. While most biophysicists 
specialize either in the determination: of 


the molecular structure of biological mac- | 


romolecules or in neurophysiology, the 
definition encompasses a much wider field 
including animal mechanics, environmen- 
tal biophysics, transducer and radiation 
physics, and the application of microelec- 
tronics to biology Research on topics 
such as these is usually carried out in more 
traditional departments — of physics, 
zoology or engineering, for example — 
not in departments of biophysics. Nor 
indeed is it dealt with in the European 
Biophysics Journal, the successor to 
Biophysics of Structure and Mechanism. 
Titles of the articles in the four issues 
available for review show an emphasis on 
biological membrane processes and on the 
application to biology of specific physical 
techniques, particularly nuclear magnetic 
resonance and photon correlation spec- 
troscopy. Occasional theoretical articles 
also appear. 

It may be that four issues is too small a 
sample from which to make a judgement, 
but it is surprising to find no papers on X- 
ray analyses. It is this physical approach 
that has had the greatest impact on 
biological science, and indeed it has led 
to the recognition of structural molecular 
biology — a problem-orientated rather 
than a technique-orientated discipline. 
Perhaps the researchers involved in this 
area of work tend to send their papers to 
other journals. 

The editors state that the scope of their 
journal encompasses molecular structure 
and interactions, membrane and receptor 
biophysics, thermodynamics and energe- 
tics, and theoretical biophysics. This a fair 
description, with the proviso that molecu- 
lar structure is rather weakly represented, 
and within this compass the papers are of 
good quality and of considerable interest. 
It also suggests that a nominalist attitude is 
appropriate and that biophysics is what 
biophysicists do. Oo 


Andrew Muller is Professor in the Department of 
Biochemistry, University of Edinburgh Medi- 
cal School, Hugh Robson Building, George 
Square, Edinburgh EH8 9XD. 
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| Inside insects from 


North America 
J. F. V. Vincent 


Archives of Insect -Biochemistry and 
Physiology. Executive editor Richard T. 
Mayer. Alan R. Liss. 6/yr. North America 
$250 (institutional), $85 (individual); 
elsewhere $273 (institutional), $108 
(individual). 


“~ 


Tras is a journal which starts out with high 
standards — prospective authors are 
informed, in a remarkably complete 
“guide”, that “Articles that are confirm- 
atory in nature or deal with analytical 
methods previously described will not be 
accepted”. To this list can be added re- 
views, book reviews, comment and reply. 

Archives of Insect Biochemistry and 
Physiology, then, 1s solely a vehicle for 
Original research papers. Acceptable 
areas are endocrinology, development, 
neurobiology, behaviour, pharmacology, 
nutrition, carbohydrates, lipids, enzymes, 


proteins, peptides, nucleic acids, molecu-’ 


lar biology and toxicology. Clearly the 
emphasis is more on the biochemistry than 
the physiology of insects. The papers pub- 
lished to date have been a mixed bunch — 
some very good, a few rather poor (could 
these be the “invited” contributions so 
necessary in a new journal?) — and they 
vary in length from only 1,000 words to 
4,000 or more. Each issue contains eight 
to ten papers. 

Editorial style: is mostly good, with 
tables, figures, summary and acknow- 
ledgements clearly set out. Not so the 
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references which are arranged in order of 
appearance in the text, a perverse system - 
which reduces the usefulness of this essen- 
tial part of any paper. The quality of pro- 
duction is really excellent, with very clear 
typefaces on glossy paper which takes 
half-tones very well, and the overall for- 
mat is generous even though the subscrip- 
tion price 1s not high. -Publication time is 
slow, however — an average of two 
months for refereeing and a further ten 
months before appearance. 

Archives ... is superficially in direct 
competition with Pergamon’s Journal of 
Insect Physiology and Insect Biochemistry, 
a arcs of other publications also take 


Nr 
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work in this area. It seems unlikely that 
there are enough good papers to keep 
another journal going, especially one aim- 
ing to be international. Perhaps this ts 
why, within eighteen months of its initia- 
tion, the journal has gone from drawing its 
contributions from around the world to 
representation from the United States 
alone. I can’t imagine that it will make 
much headway in many countries outside 
North America, but maybe it’s not meant 
to, since only five of the 31-strong edito- 
rial board come from outside that conti- 
nent. This is the American house journal 
‘of insect physiology and biochemistry. ( 


J. F V. Vincent is a Lecturer in the Department 
of Pure and Applied Zoology, University of 
Reading, Whiteknights, Readi ing RG6 2AH, 
UK. 





Routes to renewal 
Alan Brafield 


Experimental Biology:-Environmental and 
Sensory Aspects. Editor-in-chief M.A. 
Ali: Springer International. 4/yr. DM 170, 
$61. 

Zoological Science. Editor-in-chief Nobuo 
Egami. Zoological Society of Japani VNU 
Science Press. lyr. Surface DM 411, air 
DM 434. 


WHEN a journal starts to look jaded, the 
editors can either change its title and mod- 
ify the content to increase its appeal, or 
they can merge with a similar journal, 
gaining strength from the union. Here i is 
an example of each policy. 

La Revue Canadienne de Biologie Ex- 
périmentale, founded under a slightly 
different name in 1942, became Experi- 
mental Biology last year, reflecting a 
change in publisher from the Université 
de Montréal to Springer-Verlag. Volume 


: number sequence has been maintained, so 


the first volume of Experimental Biology, 


for 1984-1985, is number 43, The four 
numbers comprising this volume, about 
300 pages in all, contain 21 original articles 
and two review articles. The use of “biol- 
ogy” in the title is inapt, if this volume 
proves typical, for there are eight papers 
on mammals (including man), seven on 
other vertebrates and five on microorgan- 
isms; but only two concern invertebrates 
and only one plants. Of course this doesn’t 


pee sneniat 
‘Biology =: 


matter once you know — e oaral of 
Experimental Biology, after all, is solely 
concerned with animals. Ali writes in an , 
introductory editorial: “While the editors 
will consider any article in experimental 
animal and human biology in a wide sense, 
an attempt will be made to orient the jour- 
nal towards environmental and sensory 
aspects of experimental zoology and 
medicine”. This policy should succeed in 
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time, but about half the papers in Vol. 43 
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Lanthanide 
and Actinide 
Research 


A Multidisciplinary Interna- 
tional Journal Covering All 


Aspects of f-Block Elements 


Lanthanide and Actinide 


1985, Volume 1 Published 
bimonthly. Annual Subscrip- 
tion rate DM 430.— (institu- 
tions), DM 165.-- (personal), 
plus postage and handling 
charges i 


Typical topics covered in this 
journal are synthesis, sepa- 
ration, crystal structure, 
coordination chemistry, elec- 
tronic properties, magnet- 
catalysis, nuclear 
chemistry, nuclear reactions, 
nuclear waste disposal and 


‘ the importance of lantha- 
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nides as probe materials in 
geochemical research. The 
journal thus reflects the mul- 
tidisciplinary interaction in 


the field of lanthanide and _ 


actinide research. 





Microcirculation 
Endothelium and 
Lymphatics 

Official Journal of the interna- 


tional Society of Lympholo- 
gy, North American Chapter 


MICROCIRCULATION 
ENDOTHELIUM 
AND LYMPHATICS 


7985. Volume 2. Published 
bimonthly. Annual subscrip- 
tion rate: DM 395.— plus post- 
age and handling charges. 


This journal was founded to 
reflect worldwide activities in 
the field of lymphoiogy and to 
offer the possibility of rapid 
publication. The journal pre- 
sents papers on all topics ré- 
lated to microscopic blood 
vessels in health and dis- 
ease, basement membranes, 
vascular smooth muscle 
cells, formed elements, en- 
dothelum, lymphatic blood 
vessels and lymph, circula- 
tion and rheology. 


Particle 
Characterization 


An International Journal 
Devoted to the Measurement 
and Description of Particle 
and Bulk Properties in Dis- 
perse Systems 





1985. Volume 2. Published 
quarterly. Annual subscrip- 
tion rate: DM 180 ~ plus post- 
age and handling charges. 


The role of this new interna- 
tional journal is to act as a 
forum for papers which are 
concerned with measure- 
ments on particulate .sys-. 
tems. a 

It provides international pub- 
licity for papers concerned 
with the theories and techni- 
ques of both the microscopic 


.and bulk characterization of 


particulate systems. 

All papers are subject to peer 
review to ensure a high scien- 
tific standard of the contents 
of the journal. 


To obtain these journals please contact your local bookseller or: 
VCH Verlagsgesellschaft, P. O. Box 1260/1280, D-6940 Weinheim, Federal Republic of Germany. Telex 46516 d- 


VCH Verlags-AG, P. O. Box 151, CH-4106 Therwil. Telex 63475 ch (for Switzerland only) 





Quantitative 
Structure-Activity 
Relationships 


in Pharmacology, Chemistry 
and Biology 


“GUANTITATIVE 


oe 


_=TRUCTURE- 


1985. Volume 4. Published 
quarterly. Annual subscrip- 
tion rate including index 
DM 280 -plus postage and 
handling charges. 
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deal with areas of cell biology or bioche- 
mical physiology which have no obvious 
relevance to either environmental or sen- 
sory aspects. 

All the papers are in English and seem 
of a good standard, and the editorial 
board is drawn from nine countries. The 
production is of the high quality we expect 
from Springer. Promised publication time 
is about six months, but as the papers do 
not carry acceptance dates one cannot see 
how often this aim 1s fulfilled. There is a 
comprehensive and valuable book review 
section (and also a long list of books 
received) in three of the four numbers. 

Zoological Science has been born of the 
marriage between the two official journals 
of the Zoological Society of Japan: Zoolo- 
gical Magazine, which was published in 


ZOOLOGICAL SCIENCE 


Japanese and first appeared in 1888, and 
Annotationes Zoologicae Japonenses, 
which started nine years later and carried 
papers in Western languages but had 
rather a limited distribution. Volume 1 of 
Zoological Science appeared in 1984, with 
six bimonthly numbers amounting to over 
a thousand pages. (This is more than three 
times the size of Experimental Biology at 
less than three times the price.) 

The new journal is an attempt to bring 
Japanese zoological research before a 
wider international audience, and It cer- 
tainly deserves to succeed in this. All the 
papers are by Japanese but all are in En- 
glish, and a wide yet well-focused view of 
Japanese zoology emerges. Each issue 
available to me contains two reviews and 
15 or more original papers (some being 
short communications). These are con- 
veniently grouped on the contents page in 
subject areas: physiology, cell biology, 
biochemistry, genetics, developmental 
biology, endocrinology, behaviour, tax- 
onomy. The quality of the papers is high 
and the production excellent. One of the 
numbers of Vol. 1 is devoted to several 
hundred very short abstracts of the papers 
presented at the annual meeting of the 
Zoological Society of Japan, and this is to 
become the standard practice. 

In short, I have reservations about 
Experimental Biology, which has not 
yet developed the distinctive flavour it 
is seeking. On the other hand, it is clear 
from the outset that Zoological Science 
will prove an extremely valuable addition 
to our libraries. E 


Alan Brafield is Senior Lecturer in the Depart- 
ment of Biology, King’s College London 
(KOC), Campden Hill Road, London W8 
7AH, UK. : 
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Little considerations 
Keith Dumbell & Denise Roditi 


Microbiological Sciences. Editor-in-chief 
C. M. Brown. Blackwell Scientific. 12/yr. 
UK £110 (institutional), £37 (individual); 
North America $145 (institutional), $45 
(individual). 

The Antimicrobic Newsletter. Editor 
Daniel Amsterdam. Elsevier, New York. 
12/yr. North America $55, elsewhere $76. 


Microbiological Sciences has been pub- 
lished monthly since April 1984 under the 
auspices of the International Union of 
Microbiological Societies (TUMS), whose 
newsletter it has supplanted. [UMS repre- 
sents 80 societies in 57 countries and 
therefore caters for the needs of micro- 
biologists practising in advanced and de- 
veloping countries, in all branches of the 
science. The journal 1s intended to be 
affordable and widely read, and help mic- 
robiologists to keep aware of progress in 
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the too easily separable branches of their 
subject. Broadly, then, it aims to do for 
microbiological scientists much what 
Nature and Science do for scientists in 
general. 

Each issue carries four or five review 
articles on specific topics, a series of brief 
notes, book reviews and a calendar of 
forthcoming meetings. Most issues also 
have a centre-page chart, diagrammatical- 
ly summarizing things such as the genetic 
map of B. subtilis or the structure and 
properties of immunoglobulins. 

There is, it seems to us, a basic flaw in 
this approach. Microbiology is not a self- 
contained science, and its knowledge base 
and specific methodology account for only 
a part, often a small part, of the micro- 
biologist’s needs. Those microbiologists 
engaged in medicine, industry and agricul- 
ture may be more interested in keeping 
abreast of developments in biochemistry, 
genetics, pathology or botany than in 
progress in branches of microbiology 
other than their own. Should the need 
arise to consult a review on viroids or yeast 
genetics or crown gall bacteria, there are 
specialist journals where articles of this 
sort can be found. Microbiological Scien- 
ces is too slim to serve as an overall refer- 
ence source, and while many good reviews 
have appeared, too high a proportion of 
them concentrate on extending the read- 
er’s stock of facts. Surely it would be bet- 
ter, in a journal such as this, to adopt a 
more synthetic approach, with the main 
emphasis on conceptual and methodolo- 
gical innovations? 

There is no doubt that IUMS needs a 
forum for communication and the editors 
of Microbiological Sciences have prom- 
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ised to react to feedback from readers. 
Although the early issues have been too 
ambitious there is hope that this young 
journal will settle down to a more realistic 
and useful modus operandi. 

The Antimicrobic Newsletter, by con- 
trast, is produced for a clearly defined and 
more limited readership among labora- 
tory workers and physicians whose con- 
cern 1s with infectious disease. Even in this 
much narrower context there is still an 
abundance of data to be digested and a 
plethora of publications to be scanned, so 
it is cheering to find a well-written journal 
that provides concise reviews on the sub- 
ject. The presentation is enhanced by use- 
ful tables, clear diagrams and comprehen- 
sive references, although sometimes it 
could be improved by short editorial com- 
ment to resolve apparent discrepancies. 

Each slim, seven-page issue contains 
one major article and up to two shorter 
pieces. For this the cost may seem exces- 
sive, but it is refreshing to be able to pick 
up a small journal and add so quickly and 
painlessly to one’s knowledge. The plea- 
sure is partly due to the absence of adver- 
tising — not a bad thing, considering the 
subject’ matter, and worth paying that 
little extra to enjoy. Antimicrobic News- 
letter will be a welcome addition to any 
clinical microbiologist’s library. O 


Keth Dumbell and Denise Roditi are consult- 
ants in the Department of Medical Microbiol- 
ogy, Medical School, Observatory, Cape 7925, 
South Africa 
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Mixed agricultural 
produce 
J.B. Owen 


Research and Development in Agriculture. 
Chief editor C.T. Whittemore. Longman. 
3lyr. UK £45, North America $90. 


Tus new publication fills a gap in the 
literature on agriculture between the 
established journals, which concentrate 
mainly on the research side, and the multi- 
tude of more ephemeral materials cover- 
ing the development end of the spectrum. 
As far as can be assessed from the four 
numbers available for review, the practice 
lives up to the theory of the editor’s objec- 
tives as expressed in the first issue. 

The pattern of content developed thus 
far is a useful mixture of reviews with a 
core of papers, not commonly found in 


RESEARCH AND 
DEVELOPMENT 
IN AGRICULTURE 


other journals, dealing with such topics as 
modelling and surveys. In the systems 
modelling field, for example, contribu- 
tions vary from discussion of principles to 
the exposition of the features of a particu- | 
lar model of sheep production and its 
application. Some, more conventional 
papers describing experiments in the dev- 
elopment arena have also appeared. 

Each issue, of some 60-70 pages, con- 
tains about eight articles and a book 
review section, the technical contributions 
ranging from longish reviews to shorter 
papers of five pages or less. The quality of 
the contents is properly enhanced by an 
attractive yet functional style of presenta- 
tion, with adequate figures and tables. 

Research and Development in Agricul- 
ture has set itself a high standard in the 
opening issues. It will have a secure future 
if it can maintain its initial momentum, 
appeal to a general readership and attract 
the busy young authors working in this 
thriving area. Appropriately, it has 
already published some overseas con- 
tributions, such as an economic analysis of 
research and development priorities in 
Mexican pig production, but one would 
expect to see the geographical scope ex- 
panding further from its Edinburgh base 
as the journal achieves wider recognition. 

For the future, the editors might con- 
sider a regular “matters arising” section. 
Potential authors would also welcome an 
indication of the time between receipt and 
publication of manuscripts. 





J.B. Owen is a Professor in the Department of 
Agriculture, University College of North Wales, 
Bangor, Gwynedd LL57 2DG, UK. 


NEWJOURNALS 
Food for a science 


lan Morton 


Food Microbiology. Editor B.H. Kirsop. 
Academic. 4/yr. UK £48, North America 
$98 (for 1985). 

International Journal of Food Microbiol- 
ogy. Editor-in-chief H. Søgaard. Elsevier. 
6lyr. Dfl.274, $94.48. 


Durinc the past few years, attention in 
food microbiology has been directed not 
only to the identification and quantifica- 
tion of food poisoning organisms (or their 
toxins) but to changes in the composition 
of the bacterial population: by external 
means. These two new journals reflect this 
broadening of the subject, and have other 
points in common: both were launched 
at the beginning of 1984, and both have 
an international editorial board. 

In Food Microbiology, we have in ve 
issue an interesting and provocative edito- 
rial together with a correspondence sec- 
tion. The editor clearly states his intention 
that not only will original papers be consi- 
dered by the journal, but also “state of the 
art” reviews will be published, along with 
book reviews. These aims have been met 
successfully in the first year. Original pap- 
ers dealing with Clostridium perfringens 
and also Campylobacter jejuni have 
appeared, as has a bacteriological survey 
of water and ice for general uses in Thai- 
land. It is stimulating to read reviews such 
as this, and to realize that food micro- 
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biologists are becoming aware that they 
must take into account a multitude of fac- 
tors bearing on their science. It is good, 
too, to see that when strains used for 
biotechnological processes are described, 
they must be made available to colleagues. 

International Journal of Food Micro- 
biology, an official publication of the 
International Union of Microbiological 
Societies and the International Commit- 
tee on Food Microbiology and Hygiene, is 
amore traditional research-paper journal. 
The standard of refereeing is clearly high 
and the papers deal with bactenal and 
mould species of considerable interest to 
the food scientist; for example Yersinia 
species are described in various pork pro- 
ducts and a number of papers deal with 
different Campylobacter species. The con- 
tributions cover a wide range of food pro- 
ducts, ranging from fish and oysters to 
milk and yams. 

With the stress now being laid upon 
food safety and prevention of food poison- 
ing, both of these journals are likely to 
play important albeit differing roles. De- 
spite the cost, any laboratory or teaching 
establishment at the tertiary level which 
deals with food and nutrition can ill afford 
to be without them. Food and drink are 
essential to life, and we should hope that 
food microbiologists will read the papers 
in these two journals and will play a full 
role in the development of their subject. D 


lan Morton is Professor in the Department of 
Food Science and Nutrition at King’s College 
London (KQC), Campden Hill Road, London 
W8 7AH, UK. 





Specialist sensation 
A.G. Brown 


Somatosensory Research. Editor Law- 
rence Kruger. Guilford, 200 Park Avenue 
South, New York, NY 10003, USA. 4lyr. 
North America $75 (institutional), $50 
(individual); elsewhere $90 (institutional), 
$65 (individual). 


Somatosensory Research aims to cover 
“the entire range of investigations related 
to somatic sensation and its neural 
mechanisms”. It has a strong North Amer- 
ican bias: 12 of the 22 members of the 
editorial board and 35 of the first 41 pap- 
ers are from North American laboratories 
(14 of the papers from people on the edito- 
rial board). The first two volumes cover a 
wide range of subject matter, including 
electron microscopic immunocytochem- 
istry, pathway tracing, electrophysiology 
and psychophysics. The papers vary wildly 
in quality, some being poor and others 
sound. Personally I found about 20 
per cent of the contents of some interest. 
The typeface is easy to read and the 
journal is produced on high-quality glossy 
paper. Line drawings are good but some 
half-tone illustrations leave a lot to be 


desired (that may not be the fault of the 
publishers, as other half-tones are excel- 
lent). Unusually, there is no indication of 
when a manuscript was submitted or 
accepted. Such information I always find 
interesting, but more importantly without 
it intending authors have no way of telling 
how long it might take to have a paper 
published. 

All of the contributions appearing in the 
first two volumes could have found a 
home in one of the established journals. 
Indeed, whether or not one thinks there is 
a subdiscipline of somaesthesis is a sub- 
jective matter. There would, perhaps, 
have been more sense in a journal of sen- 
sory research, covering the whole range, 
since cross-fertilization of ideas from one 
modality to another is of obvious import- 
ance. But, as the vision fraternity has long 
been divorced from the rest of us, this idea 
would probably be a non-starter. 

This journal, then, is in the modern 
fashion of specialist publications, and 
provides a repository for research data 
in a rapidly expanding area. Unfortunately, 
what are needed are some unifying con- 
cepts in neuroscience, not further schisms. 


A.G. Brown is Professor of Veterinary Physiol- 
ogy at the Royal (Dick) School of Veterina 
Studies, University o ee Sunmerhall 
Edinburgh EH9 1QH, 
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Meeting of neurology 
and psychology 


Andy Young 


Cognitive Neuropsychology. Editor Max 
Coltheart. Lawrence Erlbaum. 4lyr. UK 
£40 (institutional), £20 (individual), 
elsewhere $60- (institutional), $30 
(individual). 


Onty 15 years ago psychology students 
were generally taught that the study of the 
problems experienced by neurological 
patients formed an arcane discipline, be- 
set by logical pitfalls, that had little or no 
relevance to understanding normal ex- 
perience and behaviour (though the study 
of brain-damaged rats and pigeons was, of 
course, quite a different matter). 

When viewed against such a back- 
ground, the increase in interest in neuro- 
psychology has been remarkable. There 
have been many reasons why this has 
come about, but one has been the parallel 
between neuropsychological observations 
and some psychological models. The 
fashion in psychology is to conceptualize 
the cognitive system as being organized 
into separable processing modules. Mod- 
ular systems will often have the property 
that their performance will break down in 
predictable ways, and these patterns of 
breakdown will in turn provide informa- 
tion on the nature of the processing 
modules themselves. This simple insight 
implies that the problems experienced by 
neurological patients are of interest to 
anyone trying to construct a psychological 
model to account for the performance of a 
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models can also be used to help in under- 
standing patients’ difficulties. 

The exchange of theories and data be- 
tween psychologists and neuropsycholo- 
gists has become so fruitful that a journal 
devoted to this purpose must be wel- 
comed. Cognitive Neuropsychology fits 


the requirements admirably. It publishes ' 


both theoretical and empirical papers, and 
it interprets “cognition” broadly, so that it 
is willing to consider papers on topics 
falling under headings as diverse as ‘per- 
ception, attention, language, thinking, 
memory and action. .- 

Cognitive Neuropsychology will be read 
both by experimental psychologists and by 
neuropsychologists. The work reported in 
the issues reviewed here is both interest- 
ing and first-rate. However, most of the 
papers are about language (13 out of 15 ın 
the issues available for review). Although 
this 1s probably a fair reflection of the 
current high level of interest in language, 
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-it is to be hoped that a better balance can 


be achieved in future. 

The predominant research strategy 
used by cognitive neuropsychological 
researchers has been to carry out rela- 
tively detailed investigations of individual 
patients. As yet, however, few seem to 
have tried to take the additional step of 
arguing that an adequate theory should 
not only account for a patient’s difficult- 
ies, but also make clear what (if anything) 
can be done to alleviate them. It 1s part- 
icularly gratifying to note that the editors 
of Cognitive Neuropsychology state that 
they will welcome reports of such work. 


Two other features of the journal de- 
serve comment. The policy of encourag- 
ing book reviews that turn into interesting 
scholarly contributions in their own right 
is most effective, and the idea of reprint- 
ing historic papers that are no longer 
widely known (but deserve to be) is also 
commendable. ' 

This, then, is a journal which has accur- 
ately identified the emergence of a distinct 
field of study, and will rapidly become 
indispensable to those working in it. E 


Andy Young is a Lecturer in the Department of 


Psychology, University of Lancaster, Lancaster 
LAI 4YF, UK. 





New neurobiology 
Roger Keynes — 


Journal of Neurogenetics. Editor-in-chief 
R.N. Rosenberg. Elsevier. 6/yr. Dfl. 242, 
$91.03. 

Neuroscience Research: The Official Jour- 
nal of the Japan Neuroscience Society. 
Editor-in-chief M. Ito. Elsevier. $111 (in- 
stitutional), $55 (individual). 


AT a time when it is commonplace to hear 
complaints about the ever-increasing 
number of journals, it is comforting to find 
one, the Journal of Neurogenetics, which 
seems set to fulfil its editors’ motto: “it 
flies on its own wings”. 

With the application of the techniques 
of molecular genetics to neurobiology a 
profusion of studies is appearing, falling 
into two broad and overlapping areas: 
those which primarily deal with genetic 
factors or mechanisms, and those which 
are more concerned with using the techni- 
ques to investigate related areas, for ex- 
ample neurotransmitter receptors. The 
stated aim of the Journal of Neurogenetics 
is directed more towards the first of these, 
including “the genetic mechanisms under- 
lying early embryonic development, cell 
differentiation, pattern formation and 
genetic disorders of the nervous system 
from microbes to man”. That said, it was a 
little disconcerting to find in a recent issue 
an article on renal tubular acidosis. 
Generally, though, the journal sticks 
admirably to its brief, with articles ranging 
from analyses of Drosophila and C. ele- 
gans mutants to genetic counselling. Pro- 
duction quality is good, as is speed of pub- 
lication, the delay being normally less 
than five months from date of acceptance. 

As neurobiology differentiates into sub- 
divisions such as neurogenetics, it can be 
argued that there is, more than ever, a 
need for eclectic journals which can pro- 
vide a general view of the subject. A good 
recent example would be the Journal of 
Neuroscience, the publication of the 
American Society for Neuroscience. 
Perhaps not to be outdone, the Japan 
Neuroscience Society last year launched 
its own journal, Neuroscience Research. 


‘The journal’s message is one of integra- 
tion rather than fragmentation of disci- 
plines. Its goal is a noble one — “the 
integration of various levels of our know- 
ledge towards complete understanding of 
the brain” — and the intention “to be 
international in nature, serving neuros- 


.cientists throughout the world”. The pap- 


ers cover the entire range of neurobiolo- 
gy, with, in four representative issues, an 
interesting preponderance of neuro- 
anatomy. Its success will inevitably reflect 
the success of Japanese neuroscience, 
whether or not it publishes papers from 
other parts of the world, and one can only 
wish it well. O 


Roger Keynes is a Lecturer in the Department of 


Anatomy, 


University of Cambridge, Downing 
Street, 


ambnidge CB2 3DY, UK. 


A new journal from 
John Wright 


CLINICAL 
BIOMECHANICS 


An international 
multidisciplinary journal of the 
clinical aspects of blomechanics, 
related to dysfunction of the 
musculo-skeletal system. 


Editors 
A Kim Burton, DO, MRO 
OAGB Research Unit, 30 Queen Street, 
Huddersfield HD1 2SP, UK 
Jon H Thompson BA, DO, MRO 
13 Bellvue, Clifton, Bristol BS8 1DB, UK 


Consultant Editor 
Paul Brinckmann, Dr rer nat Professor and 
Head of Biomechanics Dept, 
Orthopädische Universitatsklinik, Hiifferstr. 
27, D-4400 Munster, FRG 


Coverage 
Clinical biomechanics is the application of 
the principles of classical mechanics to the 
solution of clinical problems Clinical 
Biomechanics will explore its field from all 
aspects, although there will be an emphasis 
on contributions to the clinical management 
of mechanical dysfunction The journal will 
cover aetiology, diagnosis, treatment and 
prevention, as well as rehabilitation All 
therapeutic and investigative speciahties m- 
volved In the management of musculo~ 
skeletal ailments will be represented The 
contnbution of basic sciences ts recognised 
and they also will be covered together with 
then applications, particularly im 
biomechanics and ergonomics 


Contnbutions from ail related fields are 
welcome 


31986 Volume 1 4 wsues £35 60 


Further information, advice to contributors 
and free inspection copies available from 
Clinical Biomechanics 
John Wright & Sons Ltd 
Techno House, Redcilfie Way 
Bristol BSI GNX, UK 
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The biologist’s eye 
on human affairs 
Robert Attenborough 


Biology and Society. Editor D.F. Roberts. 
Eugenics Society, 69 Eccleston Square, 
London SWIV IPJ, UK. 4lyr. £14, $27. 


BioLocy and society interact in many 
different ways, but Biology and Society 
concentrates on interactions involving hu- 
man reproduction, genetics, demography 
and health. In this it differs from some 
similarly titled publications, but it does 
invite comparison especially with the 
Journal of Biosocial Science. 

Modestly enlarged, and now with an 
editorial board, Biology and Society is the 
reincarnation of the Bulletin of the Euge- 
nics Society. The Bulletin, which did not 
attempt to be a major research journal 
(unlike the Journal of Biosocial Science), 
acted mainly as the Society’s internal 
forum for news and discussion. Biology 
and Society has taken over this domestic 
role, and a large proportion of its space is 
devoted to editorials, lecture texts and 
summaries, conference notices and re- 
ports, the Society’s news, book reviews 
and notes on articles in other publications. 

The journal is, in other words, some- 
thing of a hotchpotch. Quite a few of the 
main items, such as commentaries on the 
Warnock Committee Report and the 
Mexico City Population Conference, are 
substantial, balanced and interesting. 
Many of the smaller pieces too, including 
book reviews, are well worthwhile. But 
certain contributions, including a disap- 
pointingly unincisive lecture by a former 
British Cabinet Secretary, seem less com- 
mendable. And some minor entries, such 
as the less detailed conference reports 
where we learn little more than that so- 
and-so spoke on the subject of such-and- 
such, are unlikely to be useful beyond a 
limited circle. 

Unlike its predecessor, Biology and 
Society also publishes research reports, 
and in this respect its role seems less clear- 
ly differentiated from that of the Journal 
of Biosoctal Science. The reports in Brolo- 
gy and Society are generally shorter, but 
their range of topics is similar, and the 
need for a new outlet is therefore not 
obvious —~ unless it is a matter of sheer 
volume. Nonetheless, some interesting 
papers have appeared, for example on 
smoking, genetic counselling, infertility 
and infant mortality. 

The journal, especially in its new form, 
is evidently trying to appeal to readers 
beyond the Eugenics Society, and the ma- 
jor institutional libraries needing to cover 
this field will wish to subscribe. But in two 
particular respects, its role seems not 
(yet) to be clearly defined, which may 
discourage less committed libraries and 
individuals. The first is that the Society’s 
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objectives beyond the support of aca- 
demic research are stated in very general 
terms —- who could disagree with the aim 
of fostering “a responsible attitude to 
parenthood”, for example? — so that out- 
siders can be forgiven for uncertainty ab- 
out the extent to which Francis Galton’s 
intellectual legacy weighs on the journal’s 
shoulders. 

The other problem concerns the nature 
of the intended audience. In its emphasis 
on news and topical discussion, often non- 
technically presented, ıt sometimes seems 
to seek an audience beyond academia (as 
Anthropology Today does in contrast to 
the more specialist Man). Indeed the 
potential for such a role is very real. At 
other times, however, both content and 
style are more specifically academic. So 
different parts of the journal appeal to 
different readers: but then — though their 
place in the market is vastly different — 
the same may be said of publications such 
as Nature. J 


Robert Attenborough is a Lecturer in Biological 


Anthropology in the Department of Prehistory 
and Anthropology, A D. Hope Building, 
Australian National University, GPO Box 4, 
Canberra, ACT 2601, Australia 


Technology in time 
Colin A. Russell 


History and Technology: An International 
Journal, Executive Editor Pietro Redon- 
di. Harwood. 4lyr. North America $70 
(corporate), $60 (institutional), $30 (indi- 
vidual); UK £58 (corporate), £50 (institu- 
tional), £25 (individual). 


“THE development of gadgets” is one way 
to describe the history of technology. It 
would not, however, please the sponsors 
of this new journal. In the following rather 
grandiose terms the editor states his 
objective: 

We wish to see technology through its rela- 
tionship to history by placing ıt at the center of 
historical perspective as a variable that ıs auton- 


omous without being independent of the state 
of society 


Which means (J think) that he intends to 
take a hard look at technology in its social 
context. This is a laudable ambition. 
Much that used to pass for history of tech- 
nology was almost entirely insulated from 
all other kinds of contemporary history. 
As with the history of science ın the past 
few decades, this “internalist” approach is 
widely seen today as restrictive, artificial, 
arbitrary and rather pointless. Merely 
assembling data on the machine as it has 
changed through the ages is rather like 
stamp collecting: fun (if you like ıt) but of 
little intellectual content or explanatory 
power. Another way of putting it is to say 
that, if history of technology may be prop- 
erly located within technology itself, then 
it is equally appropriate to regard ıt as part 
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of history. History and Technology 
appears to be trying to do just that and. 
indeed, to make technology a central 
theme in history, relating it to all kinds of 
other trends and happenings 

These concerns are reflected in the 
journal’s format. Four kinds of article are 
promised. Under “Foundations and 
Methods” are articles on methodology — ` 
what historians love to call historiogra- 
phy. “Studies” include specific case histor- 
1es of technical innovation as well as col- 
lective and individual biographies “free 
from any hagiographical temptations”. 


“Sources” deal, as expected, with 
documentary sources (in which are 
curiously included instruments and 


machines). Finally, “Notes” will com- 
municate news of meetings and program- 
mes, and report upon other initiatives in 
the subject. 

The first two issues followed this format 
fairly closely with some general reflections 
on the nature of history and technology, 
studies on the steam engine in late- 
nineteenth-century France and on mecha- 
nics, thermodynamics and locomotive de- 
sign. The combined third and fourth issue 
deals with one special theme: technology 
and economic crises, ranging from the 
great depression in the Middle Ages, 
through the Paris Exhibition of 1881 to the 
American slump of the 1930s. It also in- 
cludes theoretical discussion on the rela- 
tion between economics and technical 
progress, based on a critique of Marx and 
Schumpeter. 

It would be unjust to suggest that His- 
tory and Technology has the field to itself. 
An obvious rival is Technology and Cul- 
ture, though this is more American than 
the new journal which has a strong Euro- 
pean input, especially from France. At 
the price (Vol. 1 contained 341 pages) it is 
not outrageously expensive but neither 1s 
it cheap. 

More pertinent is the question of its 
intended readership. For those seriously 
interested in the social history of technolo- 
gy, with an eye to finely judged historical 
argument, it will be a welcome addition to 
the periodical literature. If, however, the 
editorial board wish to address their jour- 
nal to working scientists, engineers and 
the like they would,.do well to look to their 
house-style. Some of the literary infelici- 
ties in the first volume may be attributed 
to problems of translation. Others, 
however, are merely the verbal detritus of 
a new professionalism, an inevitable con- 
sequence of which is the development of 
an in-language. If some of the authors 
could be persuaded to avoid quite so much 
sociological and historical jargon their 
valuable insights would be available to a 
far wider audience. For an international 
journal with the exalted aims of this one, 


that would be no bad thing. O 


Colin A. Russell ıs Professor of History of Sci- 
ence and Technology at the Open Unversity, 
Walton Hall, Milton Keynes MK7 6AA, UK. 


BONEAND 


An International Journal of PAD, 
Bone & Mineral Research 85 


The Official Journal of the International Conferences on 
Calcium Regulating Hormones Inc. (ICCRH) 


Managing Editor: DAVID V. COHN, 
Department of Oral Biology, Dental School, University of Louisville, 
Health Science Center, Louisville, Kentucky 40292, U.S.A. 





Aims and Scope 


The journal will publish original research articles and invited reviews on work related to the 
structure, function, and development of bone and on factors and hormones that relate 
to these processes. 


Featuring: 
è rapid publication 
è no page charges 
è international editorial representation 


The first issue of “Bone and Mineral” will appear in February 1986 and will be published on a 
bi-monthly basis thereafter. Manuscripts may now be submitted to the Managing Editor. 
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Subscription Information 
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ISSN 0169-6009 
A discount subscription price is available 
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Morphogenèse et différenciation dentaires 
Tooth morphogenesis and differentiation 

A.B. BELCOURT & J.V. RUCH 

Colloque, 1985, Vol 125, 604 pages, 200 FF HT 
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Ges glycoconjugés 

Cellular and pathological aspects of glycoconjugate 
metabolism 


H. DREYFUS, R. MASSARELLI, L. FREYSZ & G. REBEL 
Colloque, 1985, Vol. 126, 664 pages, 220 FF HT 
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Spinal opioids and the relief of pain 
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Colloque, 1985, Vol 127, 520 pages, 175 FF HT 
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Colloque, 1985, Vol 130, 232 pages, 90 FF HT 
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Coéaition INSERM John Libbey 
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Outside emissions 


John Fremlin 


Journal of Environmental Radioactivity: 
An International Journal. Editor M.S. 
Baxter. Elsevier Applied Science. 4/yr. 
UK £60, elsewhere £65. 


ALTHOUGH many periodicals will take 
articles on environmental aspects of 
radioactivity, there ıs a good case for a 
journal specifically concerned with the 
subject. Now we have one, Journal of 
Environmental Radioactivity. Most of the 
papers published to date are naturally 
concerned with radioactive pollution from 
materials arising from nuclear bomb tests 
or from the nuclear industry. Good 
examples of such articles in the first five 
issues are those dealing with the deter- 
mination of plutonium in sheep faeces as a 
sensitive indicator of deposition on vegeta- 
tion, the behaviour of radiocaesium in 
Scottish coastal sediments and the take-up 
by salt-water organisms of effluents from 
Sellafield. 

An especially promising feature of the 
new journal, however, is that over a third 
of the contributions has been concerned 
with natural radionuclides. Even in Bri- 
tain, with the world’s largest discharges of 
artificial radionuclides into the seas 
around the coast, the annual collective 
dose to the population from these sources 
is 500 times less than that from cosmic 
rays, internal potassium and natural local 
gamma radiation. 

Two papers which I found particularly 


Matters of gravity 


C.J.S. Clarke 


Classical and Quantum Gravity. Editor 
M.A.H. MacCallum. Institute of Physics. 
6/yr. North America $215, elsewhere £135. 


AT A time when many libraries are cutting 
back on acquisitions, doubts inevitably 
arise when the number of journals de- 
voted to a particular speciality increases. 
For some time the community of general 
relativity theorists has been served by 
General Relativity and Gravitation. But 
this journal has never had the success it 
deserved, either in sales or contributions 
(the shortfall in high-quality contributions 
being due in no small part to the pub- 
lisher’s failure, as compared with compet- 
ing journals, to give free offprints). Con- 
sequently, general relativity papers have 
been spread over many publications, with 
an increasing number going to Journal of 
Physics A (published by the Institute of 
Physics), until the point was reached when 
the Institute decided to hive them off into 
this new, separate journal, Classical and 
Quantum Gravity . 
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interesting described measurements of the 
natural alpha-emitting nuclide radon-222, 
in one case arising from New Zealand 
geothermal power plants and in the other 
from phosphate fertilizer sludge in India. 
Neither of these represent a serious 
hazard, but the papers warrant a good 
mark for the journal since the potentially 
controllable radon isotopes oozing from 
the soil and lingering in the well-draught- 
proofed houses of Britain must be re- 
sponsible annually for causing at least 400 
times as many cancer deaths as the whole 
of the British nuclear industry. Journal 


I] JOURNAL OF 
E | ENVIRONMENTAL 
| RADIOACTIVITY 


of Environmental Radioactivity has ap- 
peared at an appropriate time to attract 
the flood of new articles that ought to be 
published over the next decade on 
methods of sealing dwellings against the 
entry of radon. 

Original contributions of 2,000 to 4,500 
words (plus tables and figures), review 
articles and book reviews, notes and con- 
ference reports are accepted. The single 
letter so far published expressed opinions 
on articles published elsewhere. Text and 
line-diagrams are clear; there are no page 
charges and 25 offprints are supplied free. 
The subscription rate is not unreasonable 
and altogether the journal seems set for a 
healthy future. T 


John Fremlin is Professor Emeritus of Applied 
Radioactivity, University of Birmingham, 
Birmingham BI5 2TT, UK. 
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The high standards that prevailed be- 
fore the split have been maintained, and 
the journal has acquired a particular 
strength in attracting and publishing a 
blend of contributions on supergravity, 
quantum gravity and classical relativity, a 
mixture which seems to have been careful- 
ly fostered by its editor, Malcolm MacCal- 
lum, and which sets the journal apart from 
the predominantly classical General Re- 
latıvity and Gravitation. Supergravity is 
perhaps the largest single topic covered 
(coming to dominate the letters sections of 
some of the later issues), but there is a 
wide spread of other topics: canonical 
quantization, cosmology, asymptotic 
structure and exact solutions are all well 
covered, with a discriminating selection of 
a few papers on alternative theories of 
gravity. A useful book review section is 
included. 

There is evidence that the journal is 
starting to woo some North American wri- 
ters away from their traditional outlets. If 
it succeeds further in this then it is set to 
become the main vehicle for papers on 
general relativity and associated areas. O 
C J.S. Clarke is a Lecturer in the Department of 


Mathematics, University of York, Heslington, 
York YOI SDD, UK. 
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| Not entirely at sea 


R.C. Selley 


Marine and Petroleum Geology. Editor- 
in-chief D.G. Roberts. Geological Soc- 
iety of London/Butterworths. 4lyr. UK 
£124, Europe £136, North America $245. 


Tue declared editorial policy of Marine 
and Petroleum Geology is “to provide a 
forum for the exchange of multidisciplin- 
ary concepts and techniques of direct rele- 
vance” to all concerned with these sub- 
jects. Though the journal is published 
jointly by a British learned society and by 
a British publisher it boasts an impressive 
international editorial board, the catholic- 
ism of which is reflected in the diversity of 
the papers that have appeared to date. 
The scope is broad both ın geography and 
content. Among the contributions pub- 
lished in the five issues available for re- 
view, for example, are papers on sea-level 
changes of the US continental margin, 
seismic stratigraphy of the Santos Basin, 
Brazil, the geochemistry of the Kimmer- 
idge clay of Dorset, reflected light micros- 
copy of chitinozoa and the relevance of 
induced polarization to quantitative 
formation evaluation. 

This list of topics shows that Marine and 
Petroleum Geology is far wider in scope 
than its title modestly suggests. Moreover 
it is more than just a vehicle for research 
papers. It also carries citations of current 
earth science literature in the form of re- 
ference lists divided into headings that in- 
clude geology, geochemistry (organic and 
inorganic), geophysics and well logging, 
and petroleum engineering, platform 
technology, drilling and pipelines. The 
first two issues carried an “Underwater 
Information Bulletin” (sic). This has now 
been discontinued — perhaps too many 
readers drowned. Also included are book 
reviews, conference reports, patents re- 
ports, and a calendar of future confer- 
ences and symposia. 
` The editorial board has sensibly 
adopted a large page size of some 21 by 30 
cm. This is essential to allow the satisfac- 
tory display of the seismic sections and 
geophysical well logs with which the jour- 
nal abounds. Colour printing and folding 
pages are other features which help to jus- 
tify the journal’s cost — it comes dressed 
in a brightly coloured cover sure to appeal 
to younger, more impressionable readers. 

One witnesses the appearance of yet 
another publication to be consulted with 
mixed feelings. Nonetheless Marine and 
Petroleum Geology will be essential read- 
ing not only for geologists and geophysi- 
cists dealing with offshore and onshore 
geology, but also for oceanographers, 
geochemists, palaeontologists and pet- 
roleum explorationists. SAE] 


R.C. Selley is Reader in Petroleum Geology at 
Imperial College, University of London, Prince 
Consort Road, London SW7 2BP, UK 
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Ground under in the 
literature 
C.T. Shaw 


Mining Science & Technology. Editors 


C.O. Brawer and B.N Whittaker. 
Elsevier 4lyr. Dfl. 244, $84.13. 


IN THE editorial in the first issue of Mining 
Science & Technology, the editors state 
that the journal “caters for the ever- 
changing needs of the mining and minerals 
industries”; their aim is “to provide a 
forum for the mining industry to publish 
the results of new research, to describe 
changes and new developments in mining 
procedures, to review design considera- 
tions and regulations and to present in- 
teresting case examples”, and they hope 
to “cover all aspects of the extraction of 
solid mineral materials from the earth”. 

These are grandiose aims, which thus 
far have led to a rather unfocused journal. 
Moreover a number of established jour- 
nals, particularly the transactions of the 
appropriate learned institutions, already 
provide just such a forum. Mining Science 
& Technology, it seems, will not cover any 
area not already served by an existing 
publication. 

The journal is attracting contributions 
from all over the mining world, though 
most of them have come from the United 
Kingdom (fifteen), the United States 
(eleven) and Canada (six). Papers from 
seven other countries have been pub- 
lished. In the seven issues which I have 
seen, there 1s a strong representation of 
members of the editorial board in the list 
of authors; in only one 1s there no paper 
from this source. This is perhaps under- 
standable, but when note ıs also taken that 
nine papers have emanated from Notting- 
ham, where one of the editors is based, 
one gains the impression that the journal 
has not yet reached the crucial stage where 
it generates its own flow of material. 

As regards content, about half of the 
contributions have been in the general 


area of rock mechanics and strata control 
(22 out of 43, though three of these dealt 
with fill materials). The rest have covered 
a variety of topics of interest to the mining 
industry. The quality is patchy, and some 
of the papers have been little more than 
technical notes. Such notes are of course 
useful to the practising mining engineer, 
but there are other, better outlets for this 
sort of communication. 

The journal indicates the dates of re- 
ceipt and acceptance of papers, but it 1s 
not clear what the arrangements are for 
refereeing. The time between receipt and 
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acceptance in one case was as short as four 
days and there are a number at five days, 
which does not seem to imply a very vigor- 
ous review procedure. There has been a 
wide range of time between the receipt of 
the paper and its appearance — between 
four and fourteen months — but the aver- 
age seems to be six to mine months. The 
standard of production, however, 1s high, 
with clear text and illustrations, and there 
is no advertising other than the occasional 
puff for other Elsevier journals; for the 
reader, this ıs no small advantage. 
Generally, only research papers are 
published. There are occasional book re- 
views, but these appear infrequently and 
such intermittent coverage hardly seems 
worthwhile. Similarly there is often, but 
not always, a page entitled “Announce- 
ments” which has notices of forthcoming 
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meetings, but this again is very limited in 
content and there are other places where 
much more comprehensive information 
can be obtained. Finally, one issue has 
carried brief reports on recent confer- 
ences, but that struck me as little more 
than filler material serving no real pur- 
pose 

Despite these adverse points, Mining 
Science & Technology is clearly still set- 
tling in to the market and a little longer 
will be needed before it can be decided 
whether it will attract papers of sufficient 
standing to make it indispensable to a min- 
ing engineer’s library For the time being, 


then, judgement must be reserved. E 


CT Shaw is Professor of Mining in the 
Department of Mineral Resources Engineering, 
Imperial College, University of London, 
Prince Consort Road, London SW7 2BP,UK 





A cosmopolitan air 
Robert A. Duce 


Journal of Atmospheric Chemistry. Edi- 
tors Paul J. Crutzen and Dieter H Ehhalt. 
Reidel. 4/yr. Dfl. 216, $76 (institutional), 
DfI. 110, $39 (individual). 


INCREASING awareness of the impact of 
human activities on the atmosphere has 
recently led to a marked rise in research 
on atmospheric chemistry, on scales 
varying from the regional to the global. 
Changes in atmospheric composition can 
affect climate, human health, agriculture 
and water quality in complex and often 
poorly understood ways. 

The Journal of Atmospheric Chemistry 
was initiated to publish research on the 
chemical interactions between the atmos- 
phere and the solid Earth, the oceans and 
the biosphere. It is not concerned with air 
pollution problems on the local scale, but 
emphasizes the chemistry of the natural 
atmosphere and how it can be perturbed 
by human activities. The focus is upon 
studies of the composition and physical 
chemical processes in the atmosphere, on 
laboratory studies of atmospheric 
homogeneous and heterogeneous trans- 
formation processes, and on advances in 
instrumentation for the measurement of 
atmospheric composition. 

At the time of writing seven issues had 
been published, with an average of six to 
seven papers per issue. This is an interna- 
tional journal, which is reflected clearly in 
an editorial board drawn from 14 nations. 
The editors have done an excellent job 
selecting the board; the scientific exper- 
tise gathered together here is broad and 
comprehensive, and the individuals are 
among the best ın the world in their fields 
Eighteen nations are represented among 
the authors of articles published in the first 
seven issues, further emphasizing the 
journal’s non-parochial character, and 
among the contributors are some of the 


world’s leading atmospheric chemists 
(and not only members of the editorial 
board!). 

To date only regular scientific articles 
have been published; while book reviews 
are accepted, none have been published 
yet, and there appears to be no provision 
for comments from readers on the con- 
tents of previous issues. Speed of 
publication ts difficult to assess, since indi- 
vidual issues do not indicate the month of 
publication, but the delay appears to be a 
reasonable five to eight months. A further 
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attraction for prospective contributors is 
that there are no page charges 

There are two other journals which 
primarily publish atmospheric chemistry 
papers having a somewhat similar scope. 
These are Journal of Geophysical Re- 
search — Atmospheres (published by the 
American Geophysical Union) and Tellus 
B (published by the Swedish Geophysical 
Society). Tellus B, which has an emphasis 
on chemical and physical meteorology, 
was launched as part of the restructuring 
of Tellus at almost the same time that 
Journal of Atmospheric Chemistry began 
To start two new international atmos- 
pheric chemistry journals almost simul- 
taneously might appear both risky and un- 
necessary. However, so far the quality of 
papers has been good ın both. With a 
rapid expansion of research to be ex- 
pected over the next several years, I 
believe both journals have a good chance 
to succeed. J 


Robert A. Duce ts Professor of Oceanography 
and Director of the Center for Atmospheric 
Chemistry Studies, University of Rhode Island, 
Kingston, Rhode Island 02881, USA. 
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Algorithmica 

An International Journal 

in Computer Science 
Editor-in-Chief: C. K. Wong 
1986, Vol. 1 (4 issues) DM 212,- 


Applied Agricultural Research 
Editor-in-Chief: J. D. Oster 
1986, Vol. 1 (5 issues) DM 281,- 


Biology and Fertility of Soils 
Editor-in-Chief: J. C. G. Ottow 
1986, Vol. 2 (4 issues) DM 220,- 


Bioprocess Engineering 
Bioreactors, Upstream and 
Downstream Processes, 
Measurement and Control 
Editors: H. Brauer, H. W. Blanch, 
I. Endo 

1986, Vol. 1 (2 issues) DM 98,- 


Bulletin of Volcanology 

Journal of the International 
Association of Volcanology and 
Chemistry of the Earth’s Interior 
(IAVCET) 

Executive Editors: 

H.-U. Schmincke and R. S.J. Sparks 
1986, Vol. 48 (6 issues) DM 228,- 
(previously published as Bulletin 
Volcanologique) 


Child’s Nervous System 
Official Journal of the Inter- 
national Society for Pediatric 
Neurosurgery 

Executive editor: A. J. Raimondi 
1986, Vol. 2 (6 issues) DM 345,- 


CIME 

Computers in Mechanical 
Engineering 

Published by Springer-Verlag 

New York for the American 
Society of Mechanical Engineers 
Edited by A. A. Seireg 

(Formerly published by the Amer- 
ican Soc. of Mechanical Eng.) 
1986. Vol. 4 (6 issues) DM 100,- 


Climate Dynamics 

An International Journal for 
Observational Research 

Editors: L. Gates, H. Oeschger 
1986, Vol. 1 (4 issues) DM 268,- 


Constructive Approximation 
Editors-in-Chief: R. A. De Vore, 
E. B. Saff 

1986, Vol. 2 (4 issues) DM 234,- 


Discrete and Computational 
Geometry 

Editors: J. E. Goodman, 

R. Pollack 

1986, Vol. 1 (4 issues) DM 293,- 


Distributed Computing 
Editor-in-Chief: M. G. Gouda 
1986, Vol. 1 (4 issues) DM 198,- 


Dysphagia 

An International Multidisciplinary 
Journal Devoted to Swallowing 
and Its Disorders 

Editor: M. W. Donner 

1986, Vol. 1 (4 issues) DM 324,- 


Engineering with Computers 
An International Journal 

for Computer-aided Mechanical 
and Structural Engineering 
Editors: T. Belytschko, S. Fenves 
1986, Vol. 2 (4 issues) DM 224,- 


Graphs and Combinatorics 

An Asian Journal 
Editor-in-Chief: Hoon Heng Teh 
1986, Vol. 2 (4 issues) DM 281,- 


Heart and Vessels 

An International Journal 
published in association with the 
Japan Research Promotion Society 
for Cardiovascular Diseases 
Editor-in-Chief: A. Takao 

1986, Vol. 2 (4 issues) DM 148,- 


International Journal 

of Colorectal Disease 

Editor: R. J. Nicholls 

1986, Vol. 1 (4 issues) DM 154,- 
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Pediatric Surgery International 
Editor-in-Chief: A. E Scharli 
1986, Vol. 1 (4 issues) DM 168,- 


Theoretical Surgery 

A Journal of Decision Making in 
Surgery, Anaesthesia, and 
Intensive Care 

Managing Editors: W. Lorenz, 
J.H. Baron 

1986, Vol. 1 (4 issues) DM 168,- 


The Visual Computer 
International Journal of 
Computer Graphics 

Official Journal of the Internation- 
al Computer Graphics Society 
Editor-in-Chief: T. L. Kunii 

1986, Vol. 2 (6 issues) DM 296,- 


Zeitschrift fiir Physik D 

Atoms, Molecules and Clusters 
EPS Europhysics Journal 
Editor-in-Chief: I. V. Hertel 

1986, Vols. 1—3 (4 issues per Vol.) 
DM 996,- l 


Prices exclusive of carriage 
charges. For further information 
and sample copies of the above- 
listed journals, pleaser contact 
Springer-Verlag, Journals 
Promotion Department, 

P.O. Box 105280, 

6900 Heidelberg, West Germany 
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First Class Journals in all the Sciences 


FOOD MICROBIOLOGY 


Editor: B.H. Kirsop 

Volume 3, 1986, 4 issues, £48.00 (UK)/$98.00 (Overseas) 

Food Microlnology covers such topics as food quality, food safety, and the biotechnology of food and 
beverage processing. The Journal publishes articles relating to predictive microbiology, rapid 


methodology, and the application of physical and chemical processes to food microbiology, as well as 
papers dealing with microbiological aspects of modern food-producing systems as a whole 


MAGNETIC RESONANCE IN MEDICINE 


Official Journal of the Society of Magnetic Resonance in Medicine 

Editor-in-Chief: E. Raymond Andrew 

Volume 2, 1986, 6 issues, ISSN: 0740-3194 

Annual Subscription Rates: In the U.S.A. and Canada: $135.00, 

All other countries: $148.00, In the U.K.: £68.50 

Magnetic Resonance in Medicine is an international journal devoted to the publication of original 
investigations concerned with all aspects of the development and use of nuclear magnetic resonance 
and electron paramagnetic resonance techniques for medical applications. In addition to the regular 
articles, Communications, which are preliminary accounts of work of special topicality and importance 
and notes, which are complete accounts of work of limited scope are also published. 

Research areas covered include clinical studies, physiology, biochemistry, biophysics, chemistry, 
engineering, computing, physics, and mathematics. 


FREE Sample copies available from Journals Marketing Dept., either 24-28 Oval 
Road, London NW1 7DX, England or 1250 Sixth Avenue, San Diego CA92101, U.S.A. 
(Specify journal title). 
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Pitan Works of 
Paul J. Flory 


Edited by Leo Mandelkern, James E. Mark, 
Ulrich W. Suter, and Do Y. Yoon. Recipient of 

the 1974 Nobel Prize ın Chemistry, Paul Flory is 
the leading figure 1n the development of polymer 
chemistry. The 294 papers in this collection dem- 
onstrate his profound influence in the field and 
range from his first published work on polymeri- 
zation kinetics in 1936 through 23 papers from the 
last three years. The papers are divided into eight 
parts. polymerization, frictional properties, solu- 
tion thermodynamics of polymer solutions, chain 
configuration and dependent properties, rubber- 
like elasticity, crystallization, liquid crystals, and 
miscellaneous topics. Also included are Flory’s 
Nobel Prize address, an autobiographical sketch, 
and a full list of his publications. Three volumes. 
The set, $165 00 
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THE INSTITUTE OF PHYSICS 
PUBLISHING DIVISION NEW JOURNALS 


Semiconductor Science 
and Technology 


A New international Journal on all Aspects of 
Semiconductor Behaviour 


Editor: Professor R A Stradling (Imperial College of Science 
and Technology, London, England) 
Deputy Editor: Dr J W Orton (Philips Research Laboratories) 


Research Papers and Letters to the Editor are invited for this new 
journal to be launched by The Institute of Physics in July 1986. 


Semiconductor Science and Technology will cover all aspects of 
semiconductor behaviour and will include areas relevant to 
application The scope will cover experimental and theoretical 
studies of the electrical, optical and acoustic properties and the 
doping of bulk, low-dimensional, amorphous and layered 
semiconductors; computational semiconductor physics; interface 
properties, growth and preparation of samples, including growth 
kinetics and chemical processing and their electronic and structural 
characterisation 
1986 Volume 1 6 issues £65 00 


Inverse Problems 


An International Journal on Inverse Problems, 
Inverse Methods and Computerised Inversion of Data 


Edttor: P C Sabatier (Université des Sciences et Techniques 
du Languedoc, Montpellier, France) 


Inverse Problems reports current research work in this active and 
expanding field of research and will be of interest particularly to 
physicists and pure and applied mathematicians, as both 
contributors and readers The results of this research are relevant to 
practitioners in seismology and prospecting, particle scattering, 
pattern recognition, radar imaging and the many other fields where 
maximum information needs to be extracted from experimental 
results 
1986 Volume 2 4 issues £125 00 


Further information and specimen copies available from. 
The Institute of Physics 


Techno House, Redcliffe Way, Bristol BS1 6NX, England 
Telephone: (0272) 297481 Telex. 449149 


Reader Service No.20 
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Close relationships 
John M. Thomas l 


Journal of Inclusion Phenomena. Editors 
Jerry L. Atwood and J. Eric D. Davies. 
Reidel. 4fyr Df! 236, $84 (institutional); 
Dfl. 115, $40 (individual). 


INCLUSION complexes, like so many other 
materials and physico-chemical phenom- 
ena, were first identified in the Royal 
Institution, London, in the early years of 
the jast century. Both Faraday, who 
reported the preparation of chlorine 
clathrate hydrate in 1823, and his mentor 
Davy worked on the complexes formed by 
the interaction of hosts and guests. 

The Journal of Inclusion Phenomena 
reports original research on systems in 
which the hosts range from synthetic mac- 
romolecules through small heterocylics to 
natural and synthetic minerals, and the 
guests from the atomic to molecular to 
1onic species. That host-guest systems are 
of immediate practical importance 1s self- 
evident: heterogeneous catalysis, espe- 
cially that which involves zeolites, clays 
and graphites, is one example; chroma- 
tography and the electrochemistry of bat- 
teries and other energy storage devices are 
others. There are several more in the 
pharmaceutical world. And the whole 
realm of intercalation, involving inorganic 
hosts such as metal chalcogenides, or 
biologically important ones such as DNA, 
entails inclusion of one kind or another. 
At the fundamental level, inclusion 
phenomena offer abundant scope for the 
thermodynamicist, the preparative 
chemist, the quantum physicist and 
computer graphics enthusiasts. 

With such a broad territory to cover 
there is little risk that this journal, unlike 
many of the ones that have been spawned 
so freely by publishing houses and their 
eager academic collaborators, will gra- 
dually retreat into a small enclave. By the 
same token, one wonders why, apart from 
commercial expediency, a new publica- 
tion needs to be created when the stan- 
dard outlets of learned societies are avail- 
able to all concerned These days, one 
should, in all conscience, question 
whether more new journals devoted to 
primary rather than secondary (review 
type) literature serve the best interests of 
the scientifc community. 

My scepticism about new journals 1s, in 
this instance, tempered by the commend- 
able quality of the contributions that have 
appeared ın the first three volumes. There 
has been a number of stimulating articles, 
but few have scaled the heights compara- 
ble to those reached in the evocative 
account of clathrates by the man who gave 
them their name, H.M. Powell. Powell 
tells us why clathrates should have 
emerged in 1939: they were not recog- 
nized as such until his famous paper on the 
complexes formed by B—-quinol was pub- 
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lished ın 1947. He also wntes of his child- 
hood courtship with crystals which started 
with “glittering pyrites in the local coal 
and [granulated] sugar on the table”. His 
story encompasses the views of an aged 
widow of a Welsh quarryman on covetous- 
ness; the links between T.V. Barker (re- 
nowned for the once famous Barker ın- 
dex, now of blessed remembrance) and 
Fedorov; and the etymology of the word 
clathrate. To convey the notion of 
molecular imprisonment, Powell cites the 
word clathri (from A Dictionary of Roman 
and Greek Antiquities, 1884), which signi- 
fies a trellis or grating employed to cover 
and protect an aperture. He reminds us, 
too, that the Welsh word for burial ground 
is claddfa. 

One can only hope that as well as 
assembling sound fact and serving as a 
means of promulgating the acknowledged 
scientific method of proof by repetition, 
this journal will also encourage articles 
possessing the scholarly charm and sweep- 
ing erudition of H.M. Powell’s opening 
contribution. 


John M Thomas ts Professor ın the pean 
of Physical Chemistry, University of Cam- 
pages. Lensfield Road, Cambridge CB2 IEP, 
UK. 





Just on the surface 


John C. Vickerman 


Adsorption Science & Technology. Editor 
Paul A. Sermon. Blackwell Scientific. 
4lyr. UK £60, Europe £72, North America 
$125. 

Physics, Chemistry and Mechanics of 
Surfaces. Editor-in-chief E.P. Velikhov. 
Gordon & Breach. 24lyr in two volumes 
Per volume: UK £546 (corporate), £464 
(institutional), £232 (individual); North 
America $656 (corporate), $558 (institut- 
ional), $279 (individual). 


ADSORPTION is a crucial phenomenon in 
gas—solid, liquid-solid and gas-liquid sys- 
tems, and there are few areas of technol- 
ogy which are not affected by the reactivity 
of surfaces in some way. In principle, 
therefore, a new journal entitled Adsorp- 
tion Science & Technology, which claims 
to “welcome original papers dealing with 
adsorption theory, measurements and 
techniques” and “emphasises links be- 
tween developments in these sciences to 
their practical and industrial applica- 
tions”, should be of considerable benefit 
to the scientific community. 

The journal commenced eublications in 
January 1984 with an excellent review on 
the kinetics of adsorption by Aharoni. 
Since then 30 research papers have 
appeared in the five issues to January 
1985. In general the quality of the work 
reported is good and the acceptance times 
have been less than two months. The 


format and production are also good, 
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although the figures are inordinately 
large. 

Despite these positive impressions, to 
me the journal seems to be only partly 
successful in meeting its aims. It is de; 
veloping into the house publication for the 
physical adsorption fraternity. Twenty- 
two of the 30 papers published to date deal 
with this field; furthermore, of these 22, 
16 come from only five research groups, 
one group having published seven. Most 
of the remaining papers are concerned 
with various aspects of chemisorption, 
and these could naturally have found a 
place in one of Journal of Catalysis, Sur- 
face Science, Applications of Surface Sct- 
ence or JCS Faraday I. Moreover there is 
little to suggest that the journal is realizing 
its goal of linking applications to the basic 
science. Thus it appears that Adsorption 
Science & Technology- is attracting sup- 
port from only a very narrow base, which 
casts doubts on its role and its ultimate 
chances of survival. 

Physics, Chemistry and Mechanics of 
Surfaces is a cover-to-cover translation of . 
Poverkhnost’. Fizika, Khimiya, Mekhani- 
ka of the USSR Academy of Sciences. 
Translations began in 1982, the first issue 
appearing in November 1983. Although a 
volume’s subscription may seem expen- 
sive, it does cover twelve issues of some 
300 pages each. 

There is great value in this publication 
because it gives a ‘detailed insight into 
Soviet surface science. It ıs well produced, 
clearly printed-and ın general the papers 
are of good quality and useful length. The 
ideal of bringing together research work 
on the physics, chemistry and mechanics 
of surfaces is very commendable — fre- 
quently a problem which seems puzzling 
to a physicist can be solved when the 
chemist’s viewpoint is brought to bear and 
vice versa. However, despite the high 
aims, the vast majority of the papers deal 
with the physics of surface phenomena 
and the journal is not, I think, as catholic 
in its coverage as, for example, Surface 
Science. 

There is considerable variation in the 
speed of publication, some papers taking 
only a few months, others up to two years 
(a helpful section reproduces the abstracts 
of forthcoming contributions). There is 
also considerable variation in the extent to 
which the Russian authors reference 
Western journals — some papers refer 
extensively to the non-Russian literature, 
others have wholly Russian citations. 
Whilst one can criticize the parochialism 
of the latter authors, it is well to remember 


| that without translation journals such as 


this most Western scientists would be 
completely ignorant of the very valuable 
work being done in laboratories in the 
Soviet Union. CO 


John C. Vickerman is Sentor Lecturer in Physic- `- 
al Chemistry and Senior Consultant to the Sur- 
face Analysis Service, University of Manchester 
Institute of Science and T: ee: PO Box 
88, Manchester M60 1QD, UK. 
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Package of products 
for the chemist 
. A. I. Scott 


Natural Product Reports: A Journal of 
Current Developments in  Bio-organic 
Chemistry. Chairman of the editorial 
board G. Pattenden. Royal Society of 
Chemistry, London, UK. 6lyr £130 (UK), 
$252 (North America), £143 (elsewhere). 


In 1970 the Royal Society of Chemistry 
launched Specialist Periodical Reports 
which reviewed the literature of natural 
products on an annual or biennial basis. 
This series has now been discontinued and 
its place taken by the new bimonthly jour- 
nal, Natural Product Reports. 

The range of topics has been broadened 
from the original Reports on alkaloids, 
terpenoids and steroids, biosynthesis, and 
aliphatic and related natural product 
chemistry to include occasional accounts 
of chemotaxonomy, enzymology, biotech- 
nology and spectroscopic techniques. The 
literature is usually covered for a twelve- 
month period except in some of the more 
esoteric disciplines where a two-to-three- 
year review is intended. Although the 
time lag for each article published 1s about 
twelve to eighteen months, the value of 
this publication to natural product chem- 
ists, whether in a university or industry, is 
unquestionable 

Allis not perfect, however. In any jour- 
nal the style and approach of the contribu- 
tors will vary, and Natural Product Re- 
ports is no exception. We are presented 
with the whole spectrum, from terse, 
rather conventional compilations of data 
to almost chatty and, at times, biased 
views of a given field. While a degree of 
latitude in style is acceptable, the swing 
from uncritical to extremely rigorous re- 
viewing can be misleading to those readers 
who wish to get into one of the natural 


NATURAL 
PRODUCT 


REPORTS 


A lournai of current developments 
in blo-orgenkc chemistry 





product areas outside their current in- 
terests. Indeed, one hopes that some kind 
of gentle refereeing process will be ap- 
plied to those articles (only one in the first 
seven issues) which bear the marks of a 
parochial view of the field. 

Nevertheless Natural Product Reports 1s 
a most welcome arrival. The reviews are 
not only comprehensive, but all one needs 
to know about a given subject is conve- 
mently packaged ın one journal and there 
is every opportunity to sample the flavour 
of natural product structures other than 
those of one’s own favourite class. The 
subscription price may seem steep, but the 
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collections of references and the clear : their reviews is provided in each issue. 


structural formulae to be found in each 
issue are good value for money. Thus, 
many of the articles contain 250-300 struc- 
tures, and the topics covered in the seven 
issues available for review include 14 clas- 
ses of alkaloids, all classes of terpenoids 
(and steroids), rotenoids, macrocyclic 
microbial metabolites, marine natural 
products, insect pheromones, biosyn- 
thesis of polyketides, terpenes, shtkimate 
metabolites, porphyrins, chlorophylls and 
corrins, synthetic chemistry and an analy- 
tical method (droplet counter-current 
chromatography). An author and subject 
index appears annually, and a running 
cumulative index of authors and titles of 


The editorial board is to be commended 
for producing a publication which will be 
of great value in helping the natural 
product chemist keep track of the novel 


structures which appear in the literature at 


the rate of one every 400 minutes. 
Moreover the journal also includes 
periodic reviews of those techniques 
which are revolutionizing the isolation 
and structural elucidation of the com- 
pounds of nature, a feature which many 
will find useful. z 


A. I. Scott is Davidson Professor of Science in 
the Department of Chemistry, Texas A & M 
University, College Station, Texas 77843, USA. 





Across the divide 
Ian M. Mills 


Soviet Journal of Chemical Physics. 
Editor-in-chief N.N. Semenov. Gordon & 
Breach. 12/yr UK £546 (corporate), £464 
(institutional), £232 (individual); North 
America $656 (corporate), $558 (institu- 
tional), $279 (individual). 


CHEMICAL physics ın the Soviet Union has 
a wonderful parentage, in the eyes of 
Western scientists, through the remark- 
able series of monographs written by 
Landau and Lifshitz, which have been 
available in English translation from 
Pergamon Press for many years. These 
volumes, which comprise a complete 
“course in theoretical physics”, are the 
most authoritative and comprehensive set 
of textbooks on the subject; they are use- 
ful both for teaching and for reference, 
and they set a high standard in every way. 
I see them as a shining example of the 
international nature of science, and ex- 
pect to find a similarly high standard of 
chemical physics in the Soviet Union. 

Yet the truth is that most of us know 
little of current efforts in this field in Rus- 
sia, and there are few references to Soviet 
research in the Western literature. Is there 


‘good work being done there, but un- 


known to us in the West because of the 
language barrier? If so, this new journal, a 
cover-to-cover translation of Khimiches- 
kaya Fizika, will be invaluable in helping 
to bridge the language and cultural gap 
between Western and Eastern scientists. 
The English translation 1s nicely pro- 
duced, in a small A5 page format, and 
covers some 3,000 pages per year; howev- 
er it appears rather more than a year after 
the original Russian publication. The sub- 
ject matter seems to span the full area of 
chemical physics, from the physics and 
chemistry of polymers, through electron 
tunnelling in chemistry, to molecular 
energy relaxation in gas discharges. Both 
theory and experiment are represented, 
with theory perhaps predominant (as is 
probably the case in Western journals) 


| Yet the papers have a dated look in com- 


parison to those appearing in, for exam- 
ple, the American Physical Society’s Jour- 
nal of Chemical Physics; they tend to be 
shorter and more general than the papers 
we see in the West. Above all there is no 
evidence of the influence of computers: ab 
initio calculations, tables of numerical 
data and all kinds of high-resolution spec- 
tra are noticeably absent. The theoretical 
contributions tend to concentrate on the 
derivation and discussion of analytical 
formulae. A 

Another point of interest is the refer- 
ences. About a third of the papers cite 


Soviet Journal 
of Chemical 
Physics 


A COVER-TO-COVER TRANSLATION 
OF KHIMICHESKAYA FIZIKA 


only Russian work and the remainder 
have rather more Russian than Western 
references. It hardly seems likely that this 
reflects the proportion of research in the 
field, and one must conclude that the 
communication barrier ıs as great West 
to East as it is East to West. 

This new journal must be welcomed as 
providing another channel across the 
divide, for those who can afford to pay 
the price (which seems high, even to our 
institution libraries). However looking 
through it leaves me with the impression 
that chemical physics in the Soviet Union 
is far behind similar work in the West, 
despite the heritage of Landau, and Lif- 
shitz. O 


lan M. Mulls is Professor of Chemical Spect- 
roscopy in the Department of Chemistry, Uni- 
versity of Reading, Whiteknights, Reading 
RG6 2AH, UK. 


Journal prices 


Details of editors and frequency of publication, 
and the subscription rates appearing at the top 
of each review, are given in most instances for 
1986. This information is not complete in all 
cases, and readers interested in subscribing toa 
particular journal should check the rates with 
the publisher concerned. 
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This unique scientific journal is now 
published quarterly and contains a 
wealth of information on alternative 
methods to live animal procedures. As 
well as original research articles, 
ATLA has book reviews, conference 
reports, selected titles, letters, a 
conference diary, an international 
section, and much more A generous 
donation from another Charity has 
enabled FRAME to distribute ATLA 
FREE OF CHARGE to libraries and 
research institutions. For individual 
subscribers, ATLA costs £16.00 per 
annum for 4 issues 

The Editors welcome manuscripts 
on relevant subjects including’ 


basic research on alternative 
methods 


methods for replacing live animal 
studies 


methods leading to a reduction in 
the numbers of animals required 


procedures likely to munimise 
animal suffering 


Editors Michael Balls, Rosemary Riddell & Alastair Worden 


Published by FRAME (Fund for the Replace- 
ment of Animals in Medical Experiments), 


Eastgate House, 34 Stoney Street, 
Nottingham NG1 1NB 
Tel. 0602 584746 


Reader Service No.30 
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j GEOMORPHOLOGY 





Editor: 
M. Morisawa, Binghamton, NY, USA 


Geomorphology isa new, truly geomorphological | 
journal. It will publish review articles, research 
papers, book reviews and letters related to pure and 


applied geomorphology. 


The scope will include such topics as: 
è modelling of landforms 
landform studies on all scales 
extraterrestrial landforms 
geomorphological processes 
applied geomorphology 
tectonic geomorphology 
è climatological geomorphology 


- 
i 


The first issue is planned for mid-1986. 


Call for popr! — 


Authors are invited to-submit suitable manuscripts (in 


triplicate) to: 

The Editorial Secretariat Editorial Secretariat for 
for North America the Rest of the World 
SUNY at Binghamton dhe 
iri ee P.O. Box 1980 
Binghamton, NY 13901 LOE ear 


A detailed Guide for Authors is available on request. 
Fifty reprints of each article published are supplied 
free of charge. 


Teu ane page canes — 


Subscription Information 
1986: Volume 1 (4 issues) 
US $ 82.00 / Dfl. 254.00 including postage 
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New Journals 


ADVANCED ROBOTICS 


The International Journal of the Robotics 
Society of Japan 

Editor-in-chief: Y. Shirat 

Published jointly with the Robotics Society of Japan, 
this journal meets the demand for an international 
and interdisciplinary publication covering all aspects 
of research on robotics science and engineering. 
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Washington’ s power supply collapse 


from Roger H. Bezdek 





The largest municipal default in US history is likely to influence public policy for the remainder of this 
century — not only in the power supply industry. 


On 25 July 1983 the Washington Public 
Power Supply System (WPPSS) defaulted 
on $2,250 million of municipal revenue 
bonds This, the largest mumcipal default 
in US history, will influence energy pro- 
ject development and financing, the muni- 
cipal bond market and state and local gov- 
ernment finances for the remainder of this 
century. 

` The default and its tumultuous after- 
math generated a large amount of public- 
ity and, over the past two years, much has 
been written on the “Whoops” fiasco. But 
most of what has appeared so far has been 
polemical and accusatory in nature, blam- 
ing the Washington State Supreme Court, 
the Bonneville Power Administration 
(BPA), public utilities, Wall Street invest- 
ment companies, federal regulators, en- 
vironmentalists and a host of others for 
the problem. Here we develop an objec- 
tive assessment of the factors that led to 
the default and discuss some of the broad- 
er implications for the future. 


Pacific Northwest | 


Over the past half century, the Pacific 
Northwest (Washington, Oregon and Ida- 
ho) has enjoyed electricity rates. Electric- 
ity costs have been approximately one- 
third to one-half of the US average, with 
the result that between 1976 and 1981, per 
capita electricity consumption in the re- 
gion was 75 per cent greater than in the 
United States as a whole. Over the period 
1980-82, when average US residential 
tariffs were rising at 16 per cent a year, the 
average cost of electricity in the Pacific 
Northwest for urban households consum- 
ing 500 kWh per month increased much 
more slowly’. 

Several factors contributed to these re- 
latively low electric rates. Since the late 
1930s, the Pacific Northwest has enjoyed a 
surplus of electrical power and, over the 
past five years, the power generated has 
been 10 to 20 per cent in excess of sales. 
In addition the BPA exchange pro- 
gramme makes low cost power from BPA 
available to residential and small agricul- 
tural customers of investor-owned uti- 
lities. 

Historically, however, the most impor- 
tant factor underlying the Pacific North- 


west’s low electricty rates has been its ac- 


cess to hydroelectric power, which pro- 
vides nearly 90 per cent of the region’s 
power, compared with 14 per cent for the 
United States as a whole. Although hyd- 
roelectricity is inherently an efficient and 
inexpensive means of power generation 
where conditions permit, the major 
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reason for the cost advantage of hyd- | essentially the same roles as before, ex- 


roelectric power over fossil and nuclear 
power, especially in the Pacific North- 
west, is the heavy federal subsidy of hyd- 
roelectric facilities (see ref. 2). 


Bonneville 


The Bonneville Power Administration 
was established in 1937 to market power 
from the Bonneville Dam and, thereafter, 
from the Grand Coulee Dam on the Col- 
umbia River. Before 1937, private utilities 
had failed adequately to serve rural areas 
and, as a result, Congress sought to en- 
courage the development of public utili- 
ties and cooperatives by giving them pre- 
ference in the allocation of power from 
federal hydroelectric facilities’, BPA at 
present markets power from 30 hydroelec- 
tric projects with a capacity of nearly 20 
million kW, and its transmission system 
includes 363 substations and more than 
13,200 miles of transmission lines. BPA is 
thus analogous in history, scope and func- 
tion to the Tennessee Valley Authority. 
BPA’s authority has rapidly expanded 
beyond its original mandate. During the 
Second World War, ıt began to transmit 
(or “wheel”) private and other public 
power, which led to the formation of the 
Northwest Power Pool consisting of ten 
utilities connected to the federal transmis- 


sion grid. In the 1950s, Congress desig- 


nated BPA as the marketing and transmit- 
ting agent for power produced at a num- 
ber of newly constructed dams’. Following 
a treaty with Canada in the early 1960s, 
providing for the coordinated operation of 
each country’s dams on the Columbia Riv- 
er, BPA and other members of the North- 
west Power Pool entered into a new 
scheme to market surplus power gener- 
ated at different seasons. 

In the late 1960s, there began phase I of 
the ten-year Hydro-Thermal Power Prog- 
ram (HTPP), designed substantially to in- 
crease the power-generating capacity of 
the Pacific Northwest. Although still not 
authorized to acquire or own generating 
facilities, BPA agreed to help finance the 
construction of power plants through the 
purchase of their generating capacity. 
BPA’s participation, through complex 
contractual arrangements known as net- 
billing, was sanctioned by Congress’. 

The ‘generating capacity of the Pacific 
Northwest, however, still fell short of de- 
mand. In late 1973, BPA and the utilities 
agreed to embark on Phase II of HTPP, 
the construction of eight more thermal 
plants and the expansion of the transmis- 
sion system. The parties were to maintain 


cept that net-billing would not be used. 
With the passage of the Federal Col- 
umbia River Transmission Act in 1974, 
Congress designated BPA as the market- 
ing agent for all electric power generated 
by federal power plants in the Pacific 
Northwest. The act also made BPA the 
only power-marketing agency responsible 
for its own financing. This legislation gave 
BPA the authority to deposit its revenues 
in a revolving fund and to make expendi- 
tures to finance its operations. Significant- 
ly, it thus removed BPA from the annual 
congressional appropriation process. 
During the 1970s, it still appeared that 
BPA would be unable to fulfill its commit- 
ments, and in 1976 BPA formally gave 
notice that power supplies could be re- 
duced or terminated in the future—an ac- 
tion which provoked considerable con- 
troversy. BPA requested that Congress 
should resolve the question of power 
allocation and facilitate the coordinated 
planning of power development in the 
Pacific Northwest. In response, Congress 
enacted the Pacific Northwest Electric 
Power Planning and Conservation Act of 
1980, which made major changes in BPA’s 
authority and in the allocation provisions 
of the earlier statutes. BPA can now ac- 
quire energy resources on a long-term 
basis, with first priority for energy con- 
servation and renewable resources. 


Washington 


The Washington Public Power Supply 
System (WPPSS) is a municipal corpora- 
tion and a joint operating agency of 
Washington State which originally con- 
sisted of 23 publicly owned utilities. It was 
established in 1957 to construct dams and 
power plants. In 1968, with the active en- 
couragement of BPA, it embarked on an 
ambitious programme of nuclear power 
development, announcing plans for the 
construction of three nuclear generating 
facilities—plants 1, 2 and 3. Two years 
later, WPPSS decided to begin construc- 
tion of two further nuclear facilities, 
plants 4 and 5. These decisions were based 
on regional forecasts by the Pacific North- 
west Utilities Conference Committee 
(PNUCC) and were in turn based upon 
individual forecasts prepared by every_ 
BPA preference customer and each 
investor-owned utility, together with a 
forecast of direct-service industry loads by 
BPA. The forecasts reached the ominous 
conclusion that, by the mid-1980s, the 
Pacific Northwest would be facing serious 
energy shortages with attendant dire con- 
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sequences for the region’s economic 
development’ ®. 

The financing of each of the plants ın- 
volved complex contractual arrangements 
between WPPSS, participating utilities 
and, for plants 1, 2 and 3, BPA. The 
arrangements were designed to ensure the 
security of the debts incurred by WPPSS 
for construction of the power facilities 
and, for nearly a decade, WPPSS enjoyed 
almost limitless access to the bond 
market’. 

WPPSS plant 1 ts located near Rich- 
land, Washington, on the Department of 
Energy’s (DOE) Hanford Reservation 
and was designed to have a generating 
capacity of 1,250 MW. By the spring of 
1982, the plant was 67 per cent complete 
and was due to come on line during the 
summer of 1986. In April 1982, the 
WPPSS Executive Board, on the recom- 
mendation of BPA, approved a delay in 
construction of up to five years; this delay 
has been extended indefinitely. Plant 2, 
with a designed generating capacity of 
1,100 MW and also on the Hanford re- 
servation, began commercial operation in 
December 1984. It 1s the only one of the 
five WPPSS nuclear power plants that 1s 
likely to become operational in the fore- 
seeable future. 

Plant 3, near Satsop, Washington, is de- 
signed for 1,240 MW and was about 75 per 
cent complete in May 1983, when work 
was suspended for three years, a suspen- 
sion which ts now indefinite Plant 4 is on 
the Hanford reservation and was intended 
as a twin to plant 1. Plant 5 1s near Satsop 
and was to have been a twin to plant 3. In 
January 1982, construction on both of 
these plants was terminated. 

When construction began on these five 
nuclear power plants, the total cost was 
estimated to be approximately $7,000 mil- 
hon. By 1981, the estimated completion 
costs were already in excess of $23,000 
million. By the tıme WPPSS terminated 
construction on plants 4 and 5 in 1982, 
their estimated completion costs had in- 
creased from $3,500 million to $12,000 
million“. 

The decision of the Washıngton State 
Supreme Court, on 15 June 1983, that 28 
of the 88 partıcipants in projects 4 and 5 
did not have the legal authority to enter 
into take-or-pay contracts, left WPPSS 
without means of servicing the $2,250 mil- 
lion in debt that had been issued This 
court decision led directly, one month la- 
ter (on 22 July), to the WPPSS default on 
$2,250 million in bonds for plants 4 and 5, 
the largest municipal bond default in US 
history. 


Default 


The debate over responsibility for the de- 
fault of the WPPSS will continue for many 
years, and is unlikely ever to be complete- 
ly resolved. 

It is clear that the load forecasts used in 
planning the WPPSS projects seriously 
overestimated future energy require- 
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ments. Until the late 1960s, nearly all elec- 
tric power consumed in the Pacific North- 
west was obtained from the region’s hyd- 
roelectric resources By that time, howev- 
er, the baseload capacity of the existing 
resources was at or near its limit, and it 
appeared necessary’ to develop other 
sources.The association of 155 publicly 
owned and investor-owned utilities and 
consuming industries (PNUCC) esti- 
mated in 1968 that the annual load growth 
in the region would be approximately 7 
per cent, as it had been during the 1960s, 


and predicted that there would be excess | 


demand for electrical power by the late 
1980s 

BPA assumed a central role in planning 
for the region’s potential power needs 
during this period, even though prevented 
by its statutory authority from owning 
power-generating facilities”. BPA en- 
gaged in complex contractual arrange- 
ments in order to exercise its statutory 
authority to “acquire” but not own a re- 
source. The plan, agreed upon by BPA 
and the utilities (HTPP), adopted in 1968 
by PNUCC and approved by Congress in 
1969, was to construct additional thermal- 
nuclear plants (up to eight) to 
augment baseload generating capacity. 
Although the plants were to be built by the 
utilities, BPA was to participate in paying 
for them through net-billing arrange- 
ments. 

Phase I of HTPP began in 1971 and 
included nuclear power plants scheduled 
for commercial operation at various times 
during the 1980s (WPPSS plants 1, 2 and 
3). Projections of the demand for electric 
energy suggested that the ten-year HTPP 
would not meet the region’s energy needs, 
with the result that in 1973, Phase II of 
HTPP was adopted, calling for eight more 
thermal plants. WPPSS began construc- 
tion of plants 4 and 5. 

Representatives of the utilities testified 
in February 1983 that they had never been 
anxious to assume the risks involved in 
nuclear power development, and that they 
were persuaded (“coerced”) by BPA". 
They claimed that BPA’s 1976 “notice of 
insufficiency” had frightened local offi- 
cials into approving construction of plants 
4 and 5. But many observers reject this 
argument as self-serving, noting that little 
opposition to the proposed plants was 
voiced during the public hearings before 
the signing of the agreements, and that the 
utility representatives were members of a 
committee that met regularly and fre- 
quently throughout the construction 
period. Nevertheless, it is clear that the 
notice of insufficiency strongly influenced 
the decision to build plants 4 and 5; the 
alternative was held to be economic 
stagnation in the region. 

WPPSS was ill-prepared to build one 
nuclear power plant, much less five. Most 
of the 23 members of the WPPSS board 
were farmers or small businessmen, with 
little or no experience of nuclear power, 
and included the owner of a muffler 
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(motor-car exhaust) shop, a veterinarian, 
the proprietor of a refrigeration company, 
a wheat rancher and the owner of an apple 
orchard. WPPSS used three different de- 
signs for the five projects, which suffered 
from repeated delays and huge cost over- 
runs. Like other nuclear power plants, the 
WPPSS projects faced costly and con- 
tinually changing government regulations 
caused by increasing public concern about 
the safety of reactors and the growing 
strength of the anti-nuclear power move- 
ment. 

The system was also required to follow 
all Washington State rules and regula- 
tions, including a law that required con- 
tracts to be open to competitive bidding. 
The result was that some 500 companies 
and their 20,000 employees worked, fre- 
quently out of coordination, on and 
around the construction sites. WPPSS also 
had continual “problems in manage- 
ment”, and work “was not being per- 
formed as efficiently” as it should have 
been”. The end result was a sixfold in- 
crease in costs. 

Another aspect of WPPSS financing, 
called capitalization of interest, has so far 
received relatively little attention, but is 
the reason why the system’s problems 
came to a head only in 1982 and 1983. 
Until 1982, the participants had never 
really had to pay anything. According to 
James E. Spiotto, a recognized expert on 
municipal bond defaults”: “They capital- 
ized for four, five, six years. They would 
do an issue. Part of the bond issue pro- 
ceeds would go to construction. The other 
part would go to pay debt service built up 
over this period of time. They’d keep on 
doing issues, which would pay the debt 
service On previous Issues and pay some of 
the construction costs.” On the other 
hand, participants in the projects backed 
by netbilling paid interest before 1982. 

The success of financing by this capita- 
lization of interest accrued depended on 
the ability to continue to raise loans ın the 
capital markets. When the cost reached 
$5,000 rhillion and the commercial opera- 
tion of the plants had receded five years, 
far greater amounts of capitalized interest 
were needed than had been anticipated It 
can be argued that the capitalization of 
interest is not a prudent financial practice 
in that if a project ether produces no re- 
venue or insufficient revenue, there will 
be inadequate funds to service the debt. 
The beginning of the end came when 
Robert Ferguson became managing direc- 
tor of WPPSS in 1980, and ordered a com- 
plete financial review. The resulting study 
showed that completion costs were 
approaching $24,000 million and that it 
would be necessary to raise an impossible 
$3,000 million in the financial markets 
within 12 months”. 

Further to complicate the system’s 
problems, while project costs were in- 
creasing and construction schedules leng- 
thening, the predicted power shortages in 
the region were evaporating. By the early 
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1980s, when on the basis of forecasts made 
barely a decade earlier the region was sup- 
posed to have been on the verge of a de- 
bilitating energy shortage, the Pacific 
Northwest actually had a surplus of elec- 
trical power. The dire predictions of pow- 
er shortages by the mid-1980s were, essen- 
tially. extrapolations of the seven per cent 
average annual growth in electricity de- 
mand during the 1960s and early 1970s. 
Well into the energy crisis of the 1970s, 
few analysts in the Pacific Northwest (or 
anywhere else) anticipated the dramatic 
effects that the price shocks of 1973-74 
and 1979-80, and the consequent reces- 
sions, would have in inducing energy effi- 
ciency and conservation measures. 

These effects were particularly signifi- 
cant in the Pacific Northwest. The region 
had traditionally enjoyed electricity rates 
about one-third of those elsewhere, with 
the result that the uses of energy in the 
region were notoriously inefficient. But 
these energy consumption patterns also 
implied that the potential for energy sav- 
ings from relatively simple and inexpen- 
sive measures was very large. In addition, 
the recessions had an especially harsh im- 
pact on the region, further depressing 
growth in energy requirements”. Thus the 
stage was set for the financial and legal 
consequences to run their course. 

Through net-billing arrangements, 
BPA had contracted to acquire the total 
capacity of WPPSS plants 1 and 2 and 70 
per cent of the capacity of plant 3. BPA is 
obligated to pay debt service on the bonds 
issued to finance the construction of these 
plants, but it has no obligation for the 
costs of plants 4 and 5. BPA’s obligations 
include the payment of the debt service, 
whether or'not the net-billed plants ever 
become operational. The  net-billing 
arrangement provides security for the 
debt issued so far by WPPSS for the con- 
struction of plants 1-3. 

The concept of “acquiring” a resource 
must be distinguished from that of “own- 
ing” it. BPA is prohibited from owning 
power-generating facilities, but it is per- 
mitted to purchase the power-generating 
capacity of a facility. Net-billing is there- 
fore a means for BPA to meet its statutory 
obligation of providing for the region’s 
overall power requirements. 

BPA’s customers have in turn agreed to 
purchase shares of the output capacities of 
plants 1, 2 and 3 through net-billing con- 
tracts, and each participant 1s responsible 
for its share of the monthly debt service on 
the bonds issued by WPPSS. There are 
104 participants in project 1; 94 in project 
2, and 103 in project 3. The utilities that 
own 30 per cent of project 3 pay their 
shares of the monthly costs directly to 
WPPSS, not through net-billing arrange- 
ments, and thus do not contribute to the 
debt service costs of the bonds issued by 
WPPSS to finance the remaining 70 per 
cent of the costs of this plant. Debt service 
on these bonds is provided by the partict- 
pants through the net-billing arrange- 
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ment. Under the net-billing contracts, 
each participant has agreed to assign its 
share of the electrical capacity of a project 
to BPA. In return, BPA has given the 
participant a credit equal to the cost of its 
share. Since the participant purchases 
electricity from BPA, the credit is applied 
against the amount due to BPA for power 
purchased. 

The participant pays the amount of the 
credit directly to WPPSS. however, and 1s 
then billed by BPA for the amount ıt owes 
for power purchased—net of the credit. A 
participant failing to make its monthly 
payment to WPPSS loses its monthly net- 
billed credit, and the remaining partici- 
pants in the project are assigned larger 
shares. Thus the net-billing arrangement 
effectively guarantees a source of funds 
for WPPSS to provide for debt service 
even if one or more of the participants 
should default’. 

From the investor’s perspective, the 
net-billing arrangement is an attractive 
means of providing security on the bonds 
issued to finance projects 1, 2 and 3 Its 
effect is to reduce revenues due to BPA 
from the participant by the amount re- 
quired for debt service and construction 
costs The funds required for debt service 
on bonds issued by WPPSS do not become 
available to BPA for its other financial 
obligations. The validity of the net-billing 
agreements was upheld by the Oregon 
Federal District Court on 28 April 1983 
(see ref. 15). 

The usefulness of the net-billing 
arrangement was nevertheless limited by 
Internal Revenue Service regulations 
issued in 1972. The regulations, which 
held that the federal government was no 
longer a tax-exempt agency, are the 
underlying cause of BPA’s disassociation 
from securities issued by WPPSS for 
plants 4 and 5. They provide that obliga- 
tions issued by a state or local government 
agency generally constitute taxable in- 
dustrial development bonds if the obliga- 
tions are secured by net-billing arrange- 
ments Because WPPSS did not want to 
lose its tax-exempt status. the net-billing 
arrangement was superseded by another. 

The financing arrangements for plants 4 
and 5 do not involve BPA, and WPPSS 
sold nearly all of the generating capacity 
to 88 municipal corporations and coopera- 
tives. Construction was financed by bonds 
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sold by WPPSS and backed by “take-or- 
pay” contracts (facetiously known as hell- 
or-high-water contracts) under which the 
participants agreed to pay specified shares 
of the costs of construction (including debt 
service) directly to WPPSS, whether or 
not the projects were completed. Take-or- 
pay contracts are commonly used to back 
debt issued to finance the construction of 
large power generating facilities and, as 
applied to plants 4 and 5, were not viewed 
with undue suspicion by any of the parties 
involved or by the bond market’ ° ". 
When a power generating project involves 
greater risk than a single utility desires to 
assume itself, a take-or-pay agreement 
bringing together a number of utilities to 
share the risks has traditionally been 
thought reasonable. 

Even so, the opinions of the reasonable- 
ness of these arrangements were not uni- 
versally shared. When plants 4 and 5 were 
terminated in early 1982, many citizens of 
the Pacific Northwest were outraged at 
the prospect of paying off the bonds 
through several decades of higher electric- 
ity bills, with no hope of anything in re- 
turn. Some utilities attempted to renege 
on their contracts. With the spectre of de- 
fault on the horizon, the Chemical Bank, 
trustee for the holders of the bonds for 
plants 4 and 5, took WPPSS and the utili- 
ties to court. 

After more than a year of legal man- 
oeuvring, the matter reached the 
Washington State Supreme Court, which 
ruled, on 15 June 1983, that 28 of the 
participants in projects 4 and 5 did not 
have the legal authority to enter into take- 
or-pay contracts. This decision left 
WPPSS without means of servicing the 
debt on the $2,250 million issued by that 
date. The court said: 


Our conclusion is that Washington statutes au- 
thorize the participants to purchase power or to 
awn electric generating facilities. An attempt to 
structure an agreement under the joint operat- 
ing agency statutes or to base ıt upon implied 
powers does not alter the basic authority and 
the participants simply are not authorized to 
guarantee another party’s ownership of a 
generating facility in exchange for a passive 
share of any electricity generated. 
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The chronology of legal actions leading 
up to default was as follows. On 28 De- 
cember 1981, a group of ratepayers in 
Oregon filed suit to have the take-or-pay 
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contracts declared invalid. On 22 January 
1982, projects 4 and 5 were terminated. 
Later in 1982, other Oregon and Washing- 
ton utilities joined the suit, and the Che- 
mical Bank then filed suit in King County 
(Washington) to force the participating 
utilities to honour the debt On 27 January 
1983, the Chemical Bank sued 11 Oregon 
utilities to force them to pay a portion of 
the debt. On 20 May 1983, the Chemical 
Bank asked the King County Superior 
Court to rule that the 88 participating utili- 
ties be forced to pay off the $2,250 million 
in bonds. On 24 May, the King County 
Superior Court barred the Chemical Bank 
or the bondholders from putting WPPSS 
into default. On 15 June, the Washington 
State Supreme Court ruled that the local 
utilities are not obliged to repay the $2,250 
million. On 22 June the Chemical Bank 
attempted to have the restraining order 
preventing WPPSS default lifted. On 5 
July, the King County Superior Court up- 
held the restraining order. On 22 July, the 
Washington State Supreme Court refused 
to reconsider its restraining order, allow- 
ing the Chemical Bank to declare a default 
and accelerate the bonds. On 25 July, 
WPPSS admitted in court that it had no 
realistic hope of repaying the $2,250 mil- 
lion and was declared to be in default. On 
26 September 1983, the Idaho State Sup- 
reme Court ruled that the participating 
Idaho utilities were not liable for the in- 
curred debt, and on 7 February 1984, the 
Wyoming State Supreme Court ruled like- 
wise for the Wyoming participant. On 6 
November 1984, the Washington State 
Supreme Court, upon appeal, reaffirmed 
its decision of 15 June 1983. ' 

WPPSS is now entangled in a legal 
morass. It is unlikely that the holders of 
the bonds for plants 4 and 5 will ever see 
more than a small fraction of the money 
they have invested. Perhaps the fitting 
epitaph for the “Whoops” experience was 
provided by Mark Reis, executive director 
of a Seattle energy-conservation coalition 
instrumental in bringing the issue before 
the Washington State Supreme Court: 
“They promised us power without cost, 
and they delivered cost without power.” 


Bond market 


Anticipating the WPPSS default, some 
analysts pessimistically feared that ın- 
terest rates would increase dramatically 
for new issues, that the secondary market 
would collapse and that investor confi- 
dence would plummet. A chain reaction 
of other defaults would then occur as pro- 
jects could not be financed and take-or- 
pay contracts were invalidated elsewhere. 
Finally, regulatory authorities and elected 
officials would increase pressure for fun- 
damental changes and the municipal bond 
market would be drastically altered. More 
optimistic observers held that if a com- 
promise could be worked out quickly, 
probably with federal or state government 
assistance, WPPSS would then be re- 
garded as a unique case which could not 
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happen again and the municipal bond 
market (the market for state and local 
government debt instruments) would re- 
turn to normal. 

The truth appears to lie between these 
extremes. WPPSS was not a disaster for 
either the municipal bond market or for 
the public power bond market, but a 
federal bailout never occurred. While an 
estimated 78,000 investors have been 
harmed and the negative publicity from 
the default has been immense, so far the 
impact of the WPPSS default on the tax- 
exempt municipal bond market (bonds 
issued to finance government power utili- 
ties are exempt from income taxes) 
appears to have been minimal, at least for 
the market as a whole. 

In August 1983 the state of Washington 
sold $150 million in general-obligation 
bonds, and the issuance carried an interest 
premium of only 75-100 basis points (a 
basis point is 0.1 per cent) because of 
WPPSS”. The claim that the WPPSS de- 
fault has had a minimal impact on the 
tax-exempt market is evidenced by the 
successful sale, in September 1983, by the 
Michigan’ Public Power Agency (MPPA), 
an agency organized along the lines of 
WPPSS and with a comparable mission, of 
$240 million in bonds backed by take-or- 
pay contracts with eleven Michigan utili- 
ties. The maximum yield on the bonds was 
set at 10.80 per cent, marginally higher (75 
basis points) than the yields of comparably 
rated bonds". Further evidence is pro- 
vided by the fact that in November 1983 
the utility with the largest stake in WPPSS 
plants 4 and 5, the Snohomish County 
Public Utility District No. 1, returned to 
the municipal bond market with an offer- 
ing of $243 million for a hydroelectric pro- 
ject and marketed the bonds with much 
less difficulty than expected. The bonds 
were priced to yield from 7,5 per cent for 
bonds maturing in 1986 to 11.75 per cent 
for bonds maturing in 2020, even though 
they carried ratings of Baa-1 from 
Moody’s and BBB from Standard and 
Poor’s (Moody’s and Standard and Poor’s 
are the two major firms that rate US bond 
offerings). 

The effects of the WPPSS default in the 
bond markets seem primarily to entail in- 
terest rate penalties both for issuers in the 
Pacific Northwest and issuers who are per- 
ceived to bear nuclear construction risks. 
Because there is no shared credit or back- 
ing of WPPSS bonds by Washington state, 
there should be little direct effect on 
Washington general obligation bonds 
from the WPPSS problems. Comparing 
the Bond Buyer Index (BBI, an index of 
average US bond yields) for five separate 
Washington state issues over the past 
three years provides a measure.of the ex- 
pected yield of a hypothetical average- 
quality general obligation issue during a 
given week. The Washington state issues 
did fairly well when measured against the 
BBI before the WPPSS problems, but be- 
gan to pay a significant penalty as WPPSS 
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encountered difficulties. As noted, the 
state issue of $150 million in August 1983 _ 
paid nearly a full percentage point penalty 
from its previous performance against the 
BBI—which has largely been seen as a 
WPPSS-related penalty required by inves- 
tors. 

This penalty — millions of dollars over 
the life of the bonds — may prove to be 
simply the region’s first instalment of in- 
direct payment for the WPPSS default 
Since then, however, the state bonds have 
fared somewhat better: as early as 26 
October 1983 interest rates for Washing- 
ton state issues were relatively lower, in- 
dicating that the WPPSS penalty was 
already beginning to fade. Nevertheless, 
the downgrading of the Snohomish Public 
Utility District No. 1 bonds and the Baa 
rating for its $242 million hydroelectric 
revenue bond issue in November 1983 are 
examples of a regional WPPSS penalty as 
well as an indication of its effects on the 
public power entities involved. 

Further evidence of the impact of 
WPPSS is provided by the secondary mar- 
ket trading for public power issues. When 
WPPSS projects 4 and 5 approached de- 
fault, not all public power issues were 
affected uniformly. Only those with con- 
siderable nuclear construction exposure 
and a history of project delays, cost in- 
creases and strong reliance on take-or-pay 
contracts suffered substantial penalties. 

These effects were evident on bonds for 
the Massachusetts Municipal Wholesale 
Electric Company and the North Carolina 
Municipal Power Agency No. 1, despite 
the many differences between these 
undertakings and WPPSS. Issuers with 
fewer perceived similarities to WPPSS, 
such as the Municipal Electric Authority 
of Georgia, suffered relatively little”. 

The market’s reception of the first two 
joint-action public power issues in the 
wake of the WPPSS default is also signifi- 
cant. Both the MPPA bonds on 14 
September and the $211 million Southern 
Minnesota Municipal Power Agency issue 
on 29 September went to finance coal- 
fired power plants under construction by 
investor-owned utilities. The MPPA 
issue, rated Al/A+, and the Southern 
Minnesota issue, rated A/A-, sold at 
yields of 10.7 per cent and 10.05 per cent, 
respectively, at the longest maturity. Con- 
trary to some expectations, both sales pro- 
ceeded smoothly. 

One financial analyst has stated that the 
decision by the Washington State Court 
created serious problems for investors in 
municipal utility bonds (issued by a city to 
construct power facilities), the sanctity of 
which has rarely been questioned. It had 
been assumed that the municipal utility’s 
ratepayers would bear any risks associated 
with terminated projects. This analyst 
concluded that the court’s decision implies 
that the bond-holders rather than the rate- 
payers can now expect to be at risk if a 
project fails. 

This may, however, be an overreaction, 
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for the court decision was based strictly on 
Washington state law. Whether municipal 
utilities in other states have authority to 


enter into take-or-pay contracts depends . 


upon their own state laws, which vary 
widely. If it is in fact true that the $150° 
million sale by Washington state carried 
an interest premium of 75-100 basis points 
because of the WPPSS default, and if. the 
Michigan sale carried an interest premium 
(but of smaller magnitude) for the same 
reason, then it appears that the effects of 
the WPPSS default are lessening. 
Nevertheless, it is difficult to believe 
that the large yield spread does not reflect 
some interest premium associated with 
the WPPSS default. The issue is further 
clouded by the fact that, in recent years, 
individuals have purchased about 75 per 
cent of new municipal bond issues, where-. 
as commercial banks and insurance com- 
.: panies. were previously much larger 
participants”. Attracting individual inves- 
tors may in the future require a margin of 
25-50 basis points, and while a difference 
of 0.003 or 0.004 in price may seem trivial, 


when viewed across an $80,000 million“ 


bond market this implies additional 
annual financing costs in excess of $400 
million. Some analysts consider that the 
WPPSS default has had an effect on in- 
terest rates and note that, over the past 
year, the interest differentials ‘for 
Washington state and local government 
issues have been about one percent. 
Three major conclusions seem to 
emerge. First, the impact of the WPPSS 
default in both the municipal bond market 
as a whole and the public power market in 
particular has been substantial, but less 
than feared. Second, investors are dif- 
ferentiating among public power issues 


and are discriminating against particular _ 


issues that resemble WPPSS. Third, it 
may be too soon to speculate on the long- 
run impact of WPPSS: the first missed 
semiannual interest payments on bonds 
for plants 4 and 5 were only in January 
1984; it will be years before the myriad 
legal issues are resolved and the markets 
will be greatly affected by the ultimate fate 
of other troubled nuclear power projects. 


Whose fault? ) . & 


In surveying the events that led to the 
WPPSS default, it 1s tempting to single out 
. a particular villain or set of villains, and 
there is no shortage of blame to’be dis- 
pensed. In retrospect, itis obvious that the 
energy demand forecasts relied upon in 
the decisions to construct the WPPSS nuc- 
lear power plants were wrong in forecast- 
ing regional energy shortages for the 1980s 
based on the experiences of the 1960s and 
early 1970s. But with the present oil glut, 
it is easy to forget the mood of panic and 
doom concerning the world’s energy fu- 
ture which followed the’'1973 oil embargo 
and subsequent oil price increases. Stu- 
dies and analyses of the “energy -crisis” 
over the past decade show that the over- 
whelming weight of expert opinion was 
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that the world had entered a new era of 


scarce and expensive energy, for which 
demand was almost unlimited” *'. 

-In the light of the problems of the nuc- 
lear power industry in recent years, the 
original cost estimates of the WPPSS nuc- 
lear power plants appear unrealistically 
low and the four-five-and-six-fold ın- 
crease of construction costs are not at all 
surprising. However, when the construc- 
tion decisions were made in the early 
1970s, not only did the United States seem 
to be confronting a permanent energy cri- 
sis, but nuclear power appeared to be an 
inexpensive and almost inexhaustible 
power source. For two- decades nuclear 
power was advertised as being “too cheap 
to meter” and many of the nuclear power 
plants constructed during the 1960s were 
producing reliable, inexpensive electricity 
and seemed to be fulfilling the promise 
(see Ch. 5, ref. 22). Who, more than a 
decade ago, accurately predicted the 
problems that have plagued the nuclear 
power industry in recent years, especially 
since the accident at Three Mile Island? In 


seriously misjudging the costs of and re- - 


quirement for nuclear power, the WPPSS 
decision-makers enjoy much disting- 
uished company. 

Criticisms can be made of other aspects 
of the WPPSS fiasco. The administrators 
and financial managers were clearly un- 
equal to the task, while the free access 
which WPPSS enjoyed to the capital mar- 
kets throughout the 1970s did little to en- 
force prudent financial discipline. The 
underwriters of the WPPSS bonds, the 
major Wall Street investment firms, have 
come in for some well-deserved criticism, 
and the Securities and Exchange Commis- 
sion has undertaken a wide-ranging inves- 
tigation of the handling by the brokerage 
houses of the sale of the WPPSS bonds”. 
Further, serious legal and ethical ques- 
tions have been raised concerning the de- 
cision by the elected judges of the 
Washington State Supreme Court absolv- 
ing the Washington utilities of their con- 
tractual obligations. 

Terminated nuclear power plants are 
not uncommon throughout the country, 
yet none of the others have led to massive 
bond defaults. The WPPSS bond default 
occurred because those who promised to 
pay debt service on the bonds chose not to 
pay, and convinced the highest court of 
the State of Washington to clothe their 
unwillingness to pay with a cloak of legal 
authority. Those two factors—the partici- 
pants’ unwillingness to pay and the 
Washington Supreme Court’s acquiesc- 
ence in that unwillingness—are what 
make WPPSS a “debacle”. The real lesson 
is that security for debt resting on state law 
is no stronger than the integrity of those 
who make and interpret state law. 

Rather than apportioning blame, it is 
more fruitful to consider what benefits 
may eventually emerge from the debacle. 
At base, what “Whoops” represents is a 
breakdown in accountability between 
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-politicians, administrators and private in- 


. vestment firms. It illustrates what can hap- 


pen when independent off-budget enter- 
prises, which are often unaccountable but 
which are empowered to issue tax-exempt 
securities, interact with profit-seeking 
underwriters and bond-rating agencies. 
WPPSS may be the tip of the iceberg: in 
recent years, off-budget financing has ex- 
panded rapidly as state and local govern- 
ments have sought to avoid the ire of tax- 
payers as well as mandated spending. 
limitations. The off-budget state and local 
public sector now rivals the on-budget sec- 
tor — nearly three-quarters of state and 
local borrowing is off-budget”. 

At the least, then, two benefits may 
emerge. First, the actions and good judg- 


_ments of the bond-rating agencies and 


underwriters, upon which the investing 
public must rely, have been found to be 
seriously in question. The negative public- 
ity, bond-holder suits and government in- 
vestigations provided by WPPSS may 
generate necessary improvements in rat- 
ing agencies and underwriters. Second, 
perhaps WPPSS will result in a long over- 
due re-examination by Congress and state 
governments of the bewildering array of 
quasi-government agencies, rapidly pro- 
liferating, which benefit from tax-exempt 
or preferential interest rates and debt 
financing arrangements. m 


Roger H. Bezdek is in the US Department of the 
Treasury, Office of the Secretary, Washington, - 
DC 20220, USA. The views expressed here are 
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Descriptions of physical properties of visible surfaces, such as their distance and the presence of edges, 
must be recovered from the primary image data. Computational vision aims to understand how such 
descriptions can be obtained from inherently ambiguous and noisy data. A recent development in this 
field sees early vision as a set of ill-posed problems, which can be solved by the use of regularization 
methods. These lead to algorithms and parallel analog circuits that can solve ‘ill-posed problems’ and 


which are suggestive of neural equivalents in the brain. 


COMPUTATIONAL vision denotes a new field'in artificial intel- 
ligence, centred on theoretical studies of visual information 
processing. Its two main goals are to develop image understand- 
ing systems, which automatically construct scene descriptions 
from image input data, and to understand human vision. 

Early vision is the set of visual modules that aim to extract 
the physical properties of the surfaces around the viewer, that 
is, distance, surface orientation and material properties (reflect- 
ance, colour, texture). Much current research has analysed pro- 
cesses in early vision because the inputs and the goals of the 
computation can be well characterized at this stage (see refs 1-4 
for reviews). Several problems have been solved and several 
specific algorithms have been successfully developed. Examples 
are stereomatching, the computation of the optical flow, 
structure from motion, shape from shading and surface 
reconstruction. 

A new theoretical development has now emerged that unifies 
much of these results within a single framework. The approach 
has its roots in the recognition of a common structure of early 
vision problems. Problems in early vision are ‘ill-posed’, requir- 
ing specific algorithms and parallel hardware. Here we introduce 
a specific regularization approach, and discuss its implications 
for computer vision and parallel computer architectures, includ- 
ing parallel hardware that could be used by biological visual 
systems. 


Early vision processes 


Early vision consists of a set of processes that recover physical 
properties of the visible three-dimensional surfaces from the 
two-dimensional intensity arrays. Their combined output 
roughly corresponds to Marr’s 2-1/2D sketch', and to Barrow 
and Tennenbaum’s intrinsic images”. Recently, it has been cus- 
tomary to assume that these early vision processes are general 
and do not require domain-dependent knowledge, but only 


Examples of early vision processes 


@ Edge detection 

@ Spatio-temporal interpolation and approximation 
@ Computation of optical flow 

© Computation of lightness and albedo 

@ Shape from contours 


© Shape from texture 

@ Shape from shading 

@ Binocular stereo matching 

® Structure from motion 

® Structure from stereo 

@ Surface reconstruction 

@ Computation of surface colour 





generic constraints about the physical word and the imaging 
stage (see box). They represent conceptually independent 
modules that can be studied, to a first approximation, in isola- 
tion. Information from the different processes, however, has to 
be combined. Furthermore, different modules may interact early 
on. Finally, the processing cannot be purely ‘bottom-up’: specific 
knowledge may trickle down to the point of influencing some 
of the very first steps in visual information processing. 

Computational theories of early vision modules typically deal 
with the dual issues of representation and process. They must 
specify the form of the input and the desired output (the rep- 
resentation) and provide the algorithms that transform one into 
the other (the process). Here we focus on the issue of processes 
and algorithms for which we describe the unifying theoretical 
framework of regularization theories. We do not consider the 
equally important problem of the primitive tokens that represent 
the input of each specific process. 

A good definition of early vision is that it is inverse optics. 
In classical optics or in computer graphics the basic problem is 
to determine the images of three-dimensional objects, whereas 
vision is confronted with the inverse problem of recovering 
surfaces from images. As so much information is lost during 
the imaging process that projects the three-dimensional world 
into the two-dimensional images, vision must often rely on 
natural constraints, that is, assumptions about the physical 
world, to derive unambiguous output. The identification and 
use of such constraints is a recurring theme in the analysis of 
specific vision problems. 

Two important problems in early vision are the computation 
of motion and the detection of sharp changes in image intensity 
(for detecting physical edges). They illustrate well the difficulty 
of the problems of early vision. The computation of the two- 
dimensional field of velocities in the image is a critical step in 
several schemes for recovering the motion and the three- 
dimensional structure of objects. Consider the problem of deter- 
mining the velocity vector V at each point along a smooth 
contour in the image. Following Marr and Ullman®, one can 
assume that the contour corresponds to locations of significant 
intensity change. Figure 1 shows how the local velocity vector 
is decomposed into a normal and a tangential component to 
the curve. Local motion measurements provide only the normal 
component of velocity. The tangential component remains 
‘invisible’ to purely local measurements (unless they refer to 
some discontinuous features of the contour such as a corner). 
The problem of estimating the full velocity field is thus, in 
general, underdetermined by the measurements that are directly 
available from the image. The measurement of the optical flow 
is inherently ambiguous. It can be made unique only by adding 
information or assumptions. 

The difficulties of the problem of edge detection are somewhat 
different. Edge detection denotes the process of identifying the 
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Fig. 1 Ambiguity of the velocity field. a, Local measurements 
cannot measure the full velocity field in the image plane, originated 
here by three-dimensional rotation of a solid object (three frames 
are shown). Any process operating within the aperture (shown as 
a white circle) can compute only the component of motion perpen- 
dicular to the contour. b, Decomposition of the velocity vector 
along the contour, parametrized by the arc length s into com- 
ponents normal ( V™(s)) and tangential ( V" (s)) to the curve. The 
computer drawing was kindly provided by Karl Sims. 


physical boundaries of three-dimensional surfaces from 
intensity changes in their image. What is usually intended with 
edge detection is a first step towards this goal, that is, detecting 
and localizing sharp changes in image intensity. This is a prob- 
lem of numerical differentiation of image data, which is plagued 
by the noise unavoidable during the imaging and the sampling 
processes. Differentiation amplifies noise and this process is 
thus inherently unstable. Figure 3 shows an example of an edge 
profile and its second derivative, where noise is significantly 
amplified. Most problems in early vision present similar difficul- 
ties. They are mostly underconstrained, as in the computation 
of the optical flow, or not robust against noise, as in edge 
detection. 


Ill-posed problems 


The common characteristics of most early vision problems (in 
a sense, their deep structure) can be formalized: most early 
vision problems are ill-posed problems in the precise sense 
defined by Hadamard’. This claim captures the importance of 
constraints and reflects the definition of vision as inverse optics. 

Hadamard first introduced the definition of ill-posedness in 
the field of partial differential equations’. Although ill-posed 
problems have been considered for many years as almost exclus- 
ively mathematical curiosities, it is now clear that many ill-posed 
problems, typically inverse problems, are of great practical inter- 
est (for instance, computer tomography). A problem is well- 
posed when its solution exists, is unique and depends con- 
tinuously on the initial data. Ill-posed problems fail to satisfy 
one or more of these criteria. Note that the third condition does 
not imply that the solution is robust against noise in practice. 
For this, the problem must not only be well- posed but also be 
well conditioned to ensure numerical stability'’. 













































It is easy to show formally that several problems in early 
vision are ill-posed in the sense of Hadamard’: stereo matching, 
structure from motion, computation of the optical flow, edge 
detection, shape from shading, the computation of lightness ¢ ad 

surface reconstruction. Computation of the optical flow is il ms 
posed because the ‘inverse’ problem of recovering the full We 
ity field from its normal component along a contour fails 1 
satisfy the uniqueness condition. Edge detection, intended ¢ 
numerical differentiation, is ill-posed because the solution does — 
not depend continuously on the data. 

The main idea for ‘solving’ ill-posed problems, that is for 
restoring ‘well-posedness’, is to restrict the class of admissible — 
solutions by introducing suitable a priori knowledge. A pric ri 
knowledge can be exploited, for example, under the form of 
either variational principles that impose constraints on the poss- 
ible solutions or as statistical properties of the solution space. 
We will use the general term regularization for any method u 
to make an ill-posed problem well-posed. Variational regulariz- 
ation will indicate the regularization methods that reformulate 
an ill-posed problem in terms of a variational principle. We wi i 
next outline specific variational methods that we will denote as _ 
the standard regularization methods, attributable mainly to Tik- _ 
honov'':* (see also refs 13, 14). We will also outline future — 
extensions of the standard theory from the perspective of carly g 
vision. 

The regularization of the ill-posed problem of finding z frou R 
the ‘data’ y : 





sag- 
aeg -T 


Az = y a iN 
requires the choice of norms ||-|| and of a stabilizing functic na s 
|| Pz||. In standard regularization theory, A is a linear ope - 
the norms are quadratic and P is linear. Two methods that can 
be applied are®™: (1) among z that satisfy || Az—y||<e find z 
that minimizes (€ depends on the estimated measurement errors 
and is zero if the data are noiseless) a 


|| Pz\|? 
(2) find z that minimizes 
\|Az—y||?+A || Pz||? 


where A is a so-called regularization parameter. 

The first method computes the function z that is sufficiently 
close to the data and is most ‘regular’, that is minimizes the 
‘criterion’ || Pz||?. In the second method, A controls the com- 
promise between the degree of regularization of the soludont 
and its closeness to the data. Standard regularization theory 
provides techniques for determining the best A'*'*. Thus, stan- 
dard regularization methods impose the constraints on the prob- 
lem by a variational principle, such as the cost functional of 
equation (3). The cost that is minimized reflects physical con- 
straints about what represents a good solution: it has to be both 
close to the data and regular by making the quantity || Pz||° sma - 
P embodies the physical constraints of the problem. It can b e 
shown for quadratic variational principles that under mild con- 
ditions the solution space is convex and a unique solution exists. 
It must be pointed out that standard regularization methods 
have to be applied after a careful analysis of the ill-posed nature 
of the problem. The choice of the norm ||:||, of the stabilizing 
functional || Pz|| and of the functional spaces involved is dictatec 
both by mathematical properties and by physical plausibility, 
They determine whether the precise conditions for a co ae $ 
regularization hold for any specific case. zg 

Variational principles are used widely in physics, economics i 
and engineering. In physics, for instance, most of the basic law 
have a compact formulation in terms of variational orinclblal - 
that require minimization of a suitable functional, such as the 
energy or the lagrangian. E 


Examples 


Variational principles of the form of equation (3) have TE 
used in the past in early vision'*-**. Other problems have now — 
been approached in terms of standard regularization methods — 
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y! ‘the sady vision problems that have been solved in terms of 
al principles. The first five are standard quadratic regularization 
les. In edge detection*®*’ the data on image intensity (i = i(x)) 
iplicity in one dimension) are given on a discrete lattice: the 
4 a isthe DA operator on the continuous distribution f to 
































; ata ia y, AY is fx. SA pa the stabilizer imposes the constraint of 
18) tant velocity V inthe image plane (ref. 61). In area-based optical 
wit i is the image intensity, u and v are the two components of the 
ocity field. In surface reconstruction*!* the surface f(x, y) is com- 
ted from sparse depth data d(x, y). In the case of colour”? the 
rightness is measured on each of three appropriate colour coordinates 
¥=1,2,3). The solution vector z contains the illumination and the 
edo components separately; it is mapped by A into the ideal data. 
‘mization of an appropriate stabilizer enforces the constraint of 
patially smooth illumination and either constant or sharply varying 
edo. For shape from shading’? and stereo (T.P. and A. Yuille, 
sublished), we show two non-quadratic regularization functionals. 
s the reflectance map, f and g are related to the components of the 
face gradient, E is the brightness distribution’. The regularization 
the disparity field d involves convolution with the laplacian of a 
issian of the left (L) and the right (R) images and a Tikhonov 
abilizer corresponding to the disparity gradient. 


rable 1). Most stabilizing functionals used so far in early 
are of the Tikhonov type, being linear combinations of 
t p derivatives of the desired solution z (ref. 12). The 
. arising from these stabilizers correspond to either 
lating or approximating splines. We return now to our 
pe of motion and oe Ee and show how standard 
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Ct: three-disicadional space (see Fig. 1). Hildreth 
gA following Horn and Schunck"®, a more general 
5 constraint on the velocity field. “The underlying 
consideration is that the real world consists of solid 
‘with smooth surfaces, whose projected velocity field is 
| mooth. ‘The specific form of the stabilizer (a Tikhonov 
er) was dictated by mathematical considerations, 
ally uniqueness of the solution. The two regularizing 
ids correspond to the two algorithms proposed and imple- 
by nae The first one, which assumes s that the 








‘exact, minimizes 


asur ements of the Mma vel 


[Pv]? = | Ha: E 


subject to the measurements of the normal componentof velocity 
(where s is arc length). The integral is evaluated along the 
contour. For non-exact data the second method provides the 
solution by minimizing 
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IVN- VIP a (2) ds (5) 
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where N is the normal unit vector to the contour and Aq 
expresses the reliability of the data. Figure 2a shows an example 
of a successful computation of the optical flow by the first 
algorithm. 

Recently, regularization techniques have been applied to edge 
detection’®*’. The problem of numerical differentiation can be 
regularized by the second method with a Tikhonov stabilizer 
that reflects a constraint of smoothness on the image (see Table 
1). The physical justification is that the image is an analytical 
function with bounded derivatives, because of the band-limiting 
properties of the optics that cuts off high spatial frequencies. 
This regularized solution is equivalent, under mild conditions, 
to convolving the intensity data with the derivative of a filter 
similar to the gaussian’® (see Fig. 3), proposed earlier”®’. 

Other early vision problems can be solved by standard regu- 
larization techniques. Surface reconstruction, for example, can 
be performed from a sparse set of depth values by imposing 
smoothness of the surface??? Optical flow can be computed 
at each point in the image, rather than along a contour, using 
a constraint of smooth variation, in the form of a Tikhonov 
stabilizer". Variational principles that are not exactly quadratic 
but have the form of equation (3) can be used for other problems 
in early vision. The main results of Tikhonov can in fact be 
extended to the case in which the operators A and P are 
nonlinear, provided they satisfy certain conditions”. The vari- 
ation of an object's brightness gives clues to its shape: the surface 
orientation can be computed from an intensity image in terms 
of the variational principle shown in Table 1, which penalizes 
orientations violating the smoothness constraint and the irradi- 
ance constraint’. Stereo matching is the problem of inferring 
the correct binocular disparity (and therefore depth) from a pair 
of binocular images, by finding which feature in one image 
corresponds to which feature in the other image. This is an 
ill-posed problem which, under some restrictive conditions cor- 
responding to the absence of occlusions, can be regularized by 
a variational principle that contains a term measuring the dis- 
crepancy between the feature maps extracted from the two 
images and a stabilizer that penalizes large disparity gradients 
(see Table 1) and effectively imposes a disparity gradient limit. 
The algorithm can reduce to an area-based correlation algorithm 
of the Nishihara type*' if the disparity gradient is small. A 
standard regularization principle has been proposed for solving 
the problem of separating a material reflectance from a spatially 
varying illumination in colour images**. The algorithm addresses 
the problem known in visual psychophysics as colour con- 
stancy’?. 


Physical plausibility and illusions 
Physical plausibility of the solution, rather than its uniqueness, 
is the most important concern in regularization analysis, A 
physical analysis of the problem, and of its significant con- 
straints, plays the main role®. The a priori assumptions required 
to solve ill-posed problems may be violated in specific instances 
where the regularized solution does not correspond to the phy- 
sical solution. The algorithm suffers an optical illusion. A good 
example is provided by the computation of motion. The smooth- 
ness assumption of equation (5) gives correct results under some 
general conditions (for example, when objects have mages 
consisting of connected straight lines”). For some classes of 
motion and. contours, the smoothness principle will not y 
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Fig.2 Computing the smoothest velocity feld along contours. a, 
Three-dimensional stimulus first used by Wallach to demonstrate 
the ability of the human visual system to derive three-dimensional 
structure from the projected two-dimensional motion of an object 
(kinetic depth effect). The top part shows three views of a figure 
as it is rotated around the vertical axis. The initial measurements 
of the normal velocity components V are shown on the lower 
right. The velocity field computed using equation (4) is shown on 
the lower left. The final solution corresponds to the physical correct 
velocity distribution. Recent electrophysiological evidence impli- 
cates the middle temporal area of the monkey as a site where a 
similar motion integration may occur®*. b, Circular helix on an 
imaginary three-dimensional cylinder, rotating about its vertical 
axis (barber pole). The projection of the curve onto the image 
plane, together with the resulting two-dimensional velocity vectors 
are drawn on the left. Although the true velocity field V is strictly 
horizontal (left), the smoothest velocity field (right) is vertical. 
This example illustrates a case where both the algorithm and the 
human visual system suffer the same optical illusion. Adapted from 
ref. 23. 


the correct velocity field. In several of these cases, however, the 
human visual system also seems to derive a similar, incorrect 
velocity field, thereby possibly revealing a priori assumptions 
the brain is making about the world. A striking instance is the 
barber-pole illusion” (illustrated in Fig. 2b). 


Analog networks 

One of the mysteries of biological vision is its speed. Parallel 
processing has often been advocated as the answer to this 
problem. The model of computation provided by digital proces- 
ses is, however, unsatisfactory, especially given the increasing 
evidence that neurones are complex devices, very different from 
simple digital switches. It is, therefore, interesting to consider 
whether the regularization approach to early vision may lead 
to a different type of parallel computation. We have recently 
suggested that linear, analog networks (either electrical or 


7 chemical) are, in fact, a natural way of solving the variational 
is _ Principles dictated by standard regularization theory’ (see also 






“The fundamental reason for such a mapping between vari- 


i aoa principles and electrical or chemical networks is Hamil- 


 ton’s least action principle. The class of variational principles 















that can be computed by analog networks is given by Kirchhoff’ 
current and voltage laws, which represent conservatio 
continuity restrictions satisfied by each network compo: 
(appropriate variables are usually voltage and current for ¢ 
trical networks and affinity and turnover rate for chemical 
tems*®; see also ref. 37). There is in general no unique nety 
but possibly many networks implementing the same varia 
principle. For example, graded networks of the type Pro 
by Hopfield in the context of associative memory”? 
standard regularization principles”. Í 
From Kirchhoffs law, it can be proved’ that for every 
ratic variational problem with a unique solution (wh 
usually the case*), there exists a corresponding electrical netwe 
consisting of resistances and voltage or current sources havin; 
the same solution. In other words, the steady-state current (or 
voltage) distribution in the network corresponds to the solution, —_ 
for example to the tangential velocity distribution V'(s), of thec 
standard regularization problem (Fig. 4). Furthermore, whem 
capacitances are added to the system, thereby introducing 
dynamics, the system is stable. The data are supplied by injecting 
currents or by introducing batteries, that is by constant current. 
or voltage sources’. 
This analog parallel model of computation is especially inter- 
esting from the point of view of the present understanding of 
the biophysics of neurones, membranes and synapses. Increasing 
evidence shows that eléctrotonic potentials play a primary role 
in many neurones* °. Mechanisms as diverse as dendrodendritic 
synapses% gap junctions*’, neurotransmitters acting over 
different times and distances™*, voltage-dependent channels that- 
can be modulated by neuropeptides*’ and interactions between 
synaptic conductance changes” provide neurones with various 
different circuit elements. Patches of neural membrane are. 
equivalent to resistances, capacitances and phenomenological ae 
inductances’. Synapses on dendritic spines mimic voltage sour- 
ces, whereas synapses on thick dendrites or the soma act aso 
current sources***’, Thus, single neurones or small networks of 
neurones could implement analog solutions of regularization = 
principles. Hypothetical neuronal implementations of the analog. ig 
circuits of Fig. 4 have been devised, involving only one or ‘two 
separate dendrites’. 


Beyond standard regularization theory 


The new theoretical framework for early vision clearly shows — 
the attractions and the limitations that are intrinsic to the stan- ~ 
dard Tikhonov form of regularization theory. The main problem = 
is the degree of smoothness required for the unknown function. 
that has to be recovered. For instance, in surface interpolation, 
the degree of smoothness corresponding to the so-called thin- = 
plate splines smoothes depth discontinuities too much, and often © 
leads to unrealistic results”? (discontinuities may, however, be 
detected and then used in a second regularization step™). 00 
Standard regularization theory deals with linear problems and 
is based on quadratic stabilizers. It leads therefore to the > 
minimization of quadratic functionals and to linear Euler- = 
Lagrange equations. Non-quadratic functionals may be needed 
to enforce the correct physical constraints (Table 1 shows th 
non-quadratic case of shape-from-shading). Even in this case 
methods of standard regularization theory can be used”, but 
the solution space is no longer convex and many local minima. 
can be found in the process of minimization. - 
A non-quadratic stabilizer has been proposed for the problem 
of preserving discontinuities in the reconstruction of surface 
from depth data”, The stabilizer, in its basic form attributabl 
to Geman and Geman” (a similar principle but without a 
rigorous justification was proposed by Blake’; see also the. 
variational continuity control of Terzopoulos®’), embeds. prior. 
knowledge about the geometry of the discontinuities (the lin 
process) and, in particular, that they are continuous and often. 
straight contours. In standard regularization principles, the 
search space has only one local minimum to which suitable ._ 
algorithms always converge. For non-quadratic functionals, the 
search space may be similar to a mountain range with many = 
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Fig. 3 A regularized solution to edge detection. a, Digital image 
(256 x256 pixels) without any filtering (left) and filtered (right) 
with the two-dimensional operator provided by standard regulariz- 
ation theory’ shown in d. b, Intensity profile along the scan line 
indicated in a without (left) and with (right) the regularizing 
Operation provided by filtering with the one-dimensional regular- 
ized filter*®. c, Second derivative of the profile shown in b without 
(left) and with (right) the one-dimensional regularizing filtering. 
d, Two-dimensional filter obtained by regularizing the ill-posed 
problem of edge detection”®. It is a quintic spline, very similar to 
a gaussian distribution. The parameter A controls the scale of the 
filter. Its value depends on the signal-to-noise ratio in the image. 
The spatial receptive field of most ganglion cells in the vertebrate 
retina have a very similar structure, with a central excitatory region 
and an inhibitory surround®**°. Drawings kindly provided by 
Harry Vorhees. 


local minima. Stochastic algorithms for solving minimization 
problems of this type have been proposed recently, to escape 
from local minima at which simple hill-climbing algorithms 
would be trapped**”**. The basic idea is somewhat similar to 
adding a forcing noise term to the search algorithm. If the non- 
quadratic variational principle can be represented in a nonlinear 
analog network (as in ref. 39), an appropriate source of gaussian 
noise could drive the analog network. The dynamics of the 
system would then be described by a nonlinear stochastic 
differential equation, representing a diffusion process. 

The challenge now for the regularization theory of vision is 
to extend it beyond standard regularization methods. The uni- 
verse of computations that can be performed in terms of quad- 
ratic functionals is rather restricted. To see this, it is sufficient 
to realize that minimization of quadratic cost functionals leads 
to a linear regularization operator, that is, to a linear mapping 
of the input data into the solution space. In the special case 
when the data are on a regular grid and obey suitable conditions, 
the linear operator may become a convolution, that is, a simple 
filtering operation on the data. Similar to linear models in 
physics, standard regularization theory is an extremely useful 
approximation in many cases, but cannot deal with the full 
complexity of vision. 


Stochastic route to regularization 


A different rigorous approach to regularization is based on Bayes 
estimation and Markov random fields models. In this approach 
the a priori knowledge is represented in terms of appropriate 
probability distributions, whereas in standard regularization a 
priori knowledge leads to restrictions on the solution space. 
Consider as an example the case of surface reconstruction. A 
priori knowledge can be formulated in terms of a Markov 
random field (MRF) model of the surface. In a MRF the value 
at one discrete location depends only on the values within a 
given neighbourhood. In this approach the best surface maxim- 
izes some likelihood criterion such as the maximum a posteriori 
estimate or the a posteriori mean of the MRF. It has been pointed 
out” that the maximum a posteriori estimate of a MRF is 
equivalent to a variational principle of the general form of 
equation (3); the first term measures the discrepancy between 
the data and the solution, the second term is now an arbitrary 
potential function of the solution (defined on a discrete lattice). 
The overall variational principle, in general not quadratic, 
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reduces to a quadratic functional of the standard regularization 
type when the noise is additive and gaussian and first-order 
differences of the field are zero-mean, independent, gaussian 
random variables. In this case the maximum a posteriori estimate 
(MAP) coincides with all estimates and, in particular, with the 
a posteriori mean. But Marroquin”™ has shown recently that this 
is not true in general: in most cases the MAP estimate is not 
optimal with respect to natural error measures and better esti- 
mates such as the a posteriori mean can be found. In these cases 
the problem is not equivalent to finding the global minimum of 
an energy functional: simulated annealing is not needed, and a 
Metropolis-type algorithm®* can be used instead. 
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Fig. 4 Analog networks. A resistive network computing the 
smoothest velocity field**. The network corresponds to the situation 
where the measurements of the normal velocity component V~ 
are assumed to be exact. Discretizing the associated variational 
equation (4) along the contour yields the Euler-Lagrange equations 
(2+?) V7 — V]. — VI, =d; where x, is the curvature of the con- 
tour at location i, d, is a function of the data V and the contour 
and V/ is the unknown tangential component of the velocity V 
at location i along the contour. The equation describing the ith 
node in the electrical circuit is (2g + g,) Vi — 8Vi+ı— &i-ı = J, where 
V, is the voltage corresponding to the unknown V/, and J, is the 
injected current at node i depending on the measurement V. A 
slightly more complicated circuit can be designed for the case when 
the measurements of V are not exact’ (equation (5)). Uniqueness 
of the regularized solution always ensures stability of the corre- 
sponding network, even if capacities are introduced. Equivalent 
analog networks can be implemented by diffusion-reaction sys- 
tems, where the interaction between neighbouring locations are 
mimicked using diffusion or chemical reactions with first-order 
kinetics. Hypothetical neuronal implementations may be 
envisaged. The conductance g may correspond to a small segment 
of a dendrite, the variable conductance g, to a synaptic input with 
a reversal potential close or equal to the resting potential of the 
dendrite (that is, silent of shunting inhibition) and the current 
source to a conventional chemical synapse injecting current J; into 
the dendrite. The output is sampled at location i by a chemical 
synapse. Adapted from ref. 7. 
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Inthe case of Hildreth’s motion computation” the smoothness 
assumption corresponds to the hypothesis that the changes in 
velocity between neighbouring points along the contour are 
zero-mean, independent, gaussian random variables. This con- 
nection between the stochastic approach and standard regulariz- 
ation methods gives an interesting perspective on the nature of 
the constraints and the choice of the stabilizer. The variational 
principles used to solve the inverse problems of vision corre- 
spond to the Markov structure that generates plausible solutions. 

A related area of future investigation concerns the problem 
of learning a regularizing operator. In the case of standard 
regularization, the corresponding linear operator mapping the 
data into the solution may be learned by an associative learning 
scheme, of the type proposed in connection with biological 
memory”. 


Towards symbolic descriptions 


So far, we have restricted our discussion to the early stages of 
vision that create image-like representations of the physical 
three-dimensional surfaces around the viewer. The step beyond 
these representations, also called intrinsic images’, or 2-1/2D 
sketches’, is a large one. Intrinsic images are still image-like 
numerical representations, not yet described in terms of objects. 
They are already sufficient for some of the high-level tasks of 
a vision system such as manipulation and navigation. They 
cannot be used directly for the tasks of recognition and descrip- 
tion that require the generation and use of more symbolic 
representations. It seems at first difficult to see how the computa- 
tion of symbolic representations may fit at all in the perspective 
of regularizing ill-posed problems. 

The basic idea of all regularization methods is to restrict the 
space of possible solutions. If this space 1s constrained to have 
finite dimensions, there is a good chance that an inverse problem 
will be well-posed. Thus, a representation based on a finite set 
of discrete symbols regularizes a possibly ill-posed problem. 
From this point of view, the problem of perception (regularizing 
an otherwise underconstrained problem using generic con- 
straints of the physical world) becomes practically equivalent 
to the classical artificial intelligence problem of solving and 
inference, that is, of finding ways of solving intractable problems 
(such as chess) by limiting the search for solutions. 
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Conclusions 


We suggest a classification of vision algorithms that maps 
naturally into parallel digital computer architectures now under 
development. Standard regularization, when sufficient, leads to 
two classes of parallel algorithms. Algorithms for finding minima 
of a convex functional such as steepest descent or the more 
efficient multigrid algorithms developed for vision? can always 
been used. They can be replaced by convolution algorithms if 
the data are given on a regular grid and A in equation (1) is 
space invariant. In the latter case, the regularized solution is 
obtained by convolving the data through a precomputed filter. 

All these algorithms may be implemented by parallel architec- 
tures of many processors with only local connections. Problems 
that cannot be approached in terms of regularization and that 
require symbolic representations and operations on them, may 
need parallel architectures with a global communication facility, 
such as the Connection Machine currently under development™. 

The concept of ill-posed problems and the associated old and 
new regularization theories seem to provide a satisfactory theo- 
retical framework for much of early vision. This new perspective 
also provides a link between the computational (ill-posed) 
nature of early vision problems, the structure of the algorithms 
for solving them and the parallel hardware that can be used for 
efficient visual information processing. It also shows the intrinsic 
limitations of the variational principles used so far in early 
vision, indicating at the same time how to extend regularization 
analysis beyond the standard theory. 
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There is a growing Easter microplate between the Pacific and Nazca plates. The eastern and western boundaries of the 
microplate are actively spreading and propagating north and south, respectively. The northern and southern boundaries 
are broad transform zones. Most of the interior of the microplate contains the sort of oblique sheared structures characteristic 
of zones of transferred lithosphere between propagating and failing spreading centres. 


THE Easter microplate (Fig. 1) was first proposed to exist’? on 
the basis of the ring-shaped epicentral pattern, analysis of marine 
geophysical data and anomalous slip directions calculated from 
first-motion data. One hypothesis to explain the evolution of 
this area was that it is a stable growing microplate bounded by 
stable triple junctions’. Alternatively, the propagating rift 
hypothesis*~® provided a possible explanation for this area in 
which an independent plate would exist only during the time 
necessary for the failing spreading centre completely to stop 
spreading as spreading on the propagating centre accelerates to 
the full Pacific- Nazca rate (see Fig. 10 of ref. 5). 

Additional magnetic anomaly and bathymetric data were used 
to present the first detailed evolutionary interpretation of this 
area as resulting from rift propagation, and this analysis’ agrees 
with previous interpretations’? that dual spreading centres are 
active. The most recent analysis was based on the seismicity 
distribution and newly determined earthquake mechanisms, as 
well as previously identified’ magnetic anomalies, and con- 
cluded that the region is best described as a rigid plate that is 
growing by rift propagation’. 

During April 1983, we conducted a Sea Beam/magnetics 
survey of this large area of anomalous sea floor using the R/V 


Thomas Washington. Our new data corroborate the existence, 
at least temporarily, of a microplate between two actively spread- 
ing segments of the East Pacific Rise (EPR), the East rift and 
West rift, which are propagating in opposite directions. 
However, the present tectonic configuration and recent tectonic 
evolution of this area differ in several important ways from 
previous interpretations. In particular, the best recent magnetic 
anomaly interpretation’ does not fit our new data on the East 
rift? and the best recent tectonic model? must therefore be 
altered. 


Microplate boundaries 


Eastern boundary. Figure 2 shows our new magnetic anomaly 
data combined with pre-existing data that we used to heip define 
the present spreading centre configuration. The axial (Brunhes) 
anomaly is clearly defined over the southern part of the East 
rift. South of ~26°30’ S, the Jaramillo event also appears to be 
present, and the Emperor reversed event’? at ~0.50 Myr BP is 
clearly evident between 26° S and 27° S, where the magnetic axis 
coincides with a narrow axial volcanic ridge (Figs 2, 3), indicat- 
ing a spreading rate of ~120 mm yr`! (Fig. 3b). This rate is 
considerably slower than the 170-180 mm yr`™* predicted here 
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Fig.2 Magnetic anomaly profiles plotted per- 
pendicular to ship track. Solid tracklines, our 
new data; dashed tracklines, old data. Positive 
anomalies are above the trackline. Heavy lines, 
spreading centres and schematic transform 
boundaries, dashed where uncertain; V-shaped 
boundaries, pseudo-faults. The magnetic scale 
is the same as shown in two representative 
magnetic models (insets). The top model is 
generated assuming a spreading centre oriented 
140° and spreading rate of 60 km Myr™'. Note 
how the skewness of the top model matches the 
data on the South-west rift. The bottom model 
assumes a north-south ridge orientation and a 
spreading rate of 120km Myr™'. a-c, Profiles 
modelled in Fig. 3 Data from Scripps Geologi- 
cal Data Center 


-28.00 


-30.00 
~118.00° 


for the. Pacific- Nazca separation rate’'~’’, and there is an indica- 


tion that spreading rates are asymmetrical’. 

One of the most conspicuous patterns in Fig. 2 is the north- 
ward narrowing of the Brunhes anomaly along this spreading 
centre to an apex just north of 25° S. This narrowing could result 
from rift propagation and/or slower spreading, although if it 
resulted solely from slower spreading it would indicate a rotation 
pole near 25° S with compression to the north. Detailed analysis 
of the magnetic anomalies and bathymetry” indicates that the 
anomaly narrowing is best explained by a rift presently propagat- 
ing to the’north at a velocity of ~150 km Myr”. 

The geochemical pattern also supports the propagating rift 
interpretation, showing the characteristic'*'° increase in Fe and 
Ti content of basalts toward the propagator tip’®. The bathy- 
metric axis is 2,100 m high near 26°30’ S, where La/Sm in basalts 
also peaks'© and where some of the highest *He/*He and 
87Sr/®°Sr isotope ratios occur'”'®, indicating that this marks 
either the hotspot location or the intersection of channelled flow 
from a hotspot’? to the rift'®"*. From there the axis deepens 
steadily to a 3,300-m-deep axial vailey at the presumed propa- 
gator tip. This deep axis corresponds to a very narrow yet 
high-amplitude axial magnetic anomaly (Fig. 2). Similar pat- 
terns over the Galapagos 95.5° W propagator have been thought 
to result from anomalous magma cooling, crystal fractionation 
and viscous head loss as the rift breaks through old, cold 
lithosphere*!*?°. 

Our new Sea Beam vertical beam bathymetry, together with 
older bathymetry over the plate boundaries, are shown in Fig. 4. 
Sea Beam is a 12-kHz multi-narrow beam sonar system that 
generates nearly real-time contour images of swathes of sea 
floor. The contours are based on 16 cross-track depths computed 
each ping cycle, and the maximum contour swathe width is 73% 
of water depth”’*!, The power of this tool for marine tectonic 
studies is that the structural fabric of the sea floor is usually 
clearly delineated by a single swathe. A lineation map derived 
from our Sea Beam contours is shown in Fig. 5. The narrowing 
of the Brunhes anomaly corresponds to a V-shaped pattern of 
bathymetric lineaments which we interpret as pseudofaults® 
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bounding the lithosphere created on the propagating rift. Within 
this characteristic V-shaped propagator wake most lineations 
are north-south, parallel to the axis (exceptions suggest younger 
rift propagation). East of the eastern pseudofault the abyssal 
hill trends are similar to those created on the propagating rift, 
whereas west of the western pseudofault the seafloor fabric 
trends north-east to south-west, clearly oblique to the spreading 
axis. This is the type of pattern predicted by the continuous 
model of oceanic rift propagation”, and observed over the 
Galapagos 95.5°W propagating rift system with Sea Beam, 
Deep-Tow and GLORIA”, 

There is no clearly defined axial anomaly denoting an active 
spreading boundary between the propagator tip near 24°50’S 
and the northern boundary of the microplate near 23°S. The 
tentative axial location shown is based on preliminary magnetic 
anomaly analysis, the epicentre pattern (Fig. 6), dredged fresh 
glasses'® and a zone of rough bathymetry narrowing to the north 
previously identified as formed at a propagating rift’, an inter- 
pretation corroborated by the extension of oblique structures 
north of the fast propagator tip (Fig.5) The lack of a well- 
developed axial anomaly could mean that diffuse seafloor 
spreading is occurring or that there are multiple propagators 
creating chaotic magnetics in this area, which is bounded to the 
north by a broad east-west trending transform-like zone. 
Northern boundary. The northern transform zone is well defined 
at 23° S, 114°30’ W where it truncates the EPR segment to the 
north (Fig. 5) at what appears to be, at least instantaneously, 
the Pacific-Nazca-Easter rift-fracture-fracture (RFF) triple 
junction. This triple junction is essentially stable” because the 
Pacific-Easter and Easter- Nazca transforms are essentially co- 
linear. South of the EPR terminus there is a shallow (<2,400 m) 
ridge extending west, and a deep (>3,700 m) trough extending 
east (Fig. 4). To the east, this Nazca-Easter boundary consists 
of en echelon east-west and ENE-WSW segments connected 
by oblique structures (Figs 4, 5). The overall trend of this zone 
near the triple junction is ~ N&8SE. There is a 5,300-m-deep hole 
near the eastern limit of the strong east-west structures, which 
may mark the intersection of this transform zone with the north- 
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Fig. 3 Comparison of magnetic models with profiles indexed in 
Fig. 2. Top profile in each set, magnetic anomaly data, middle 
profile, model; lower profile, bathymetry, with magnetic source 
structure (darkened blocks are normal polarity). B, Brunhes 
anomaly; E, Emperor event; J, Jaramillo anomaly; M, Matuyama 
anomaly. Vertical dashed lines, postulated age of initiation of 
spreading (pseudo-faults) at these locations The models are gener- 
ated using the bathymetry and include a period of double magnetiz- 
ation intensity from 003 Myr BP to the present. Model a and b 
spreading rate ıs 120 km Myr™'; model b is spreading 12% asym- 
metrically, faster to the east, starting at 1.1 Myr BP; model c spread- 
ing rate is 60 km Myr™' with 6% asymmetry, faster to the west, 
starting at 1.6 Myr BP. Spreading axis orientation 1s 0° for a, 5° for 
b and 140° for c 


eastern spreading axis. What part of this broad zone is active 
and what part represents previous activity is still-uncertain. If 
the northeastern propagator is still propagating north, it is 
breaking through ~3-Myr-old lithosphere across an offset of 
~300 km. These enormous scales could explain the great width 
and complexity of the northern boundary. 

There is a puzzling group of earthquakes north of the micro- 
plate (Fig. 6) which includes north-west to south-east dextral or 
north-east to south-west sinistral strike-slip faulting and a sig- 
nificant NNE-SSW thrusting component®. West of these events 
there is a well-developed EPR axis seen clearly in our Sea Beam 
and magnetic anomaly data (which suggest asymmetrical 
accretion) and followed south to the triple junction using Sea 
Beam by P. J. Fox (personal communication). However, the 
spreading rate over this ridge is <140 mm yr‘, which could 
mean there is another, as yet undiscovered, spreading axis to 
the east. At the junction the EPR axis curves towards the west 
(Fig. 5), indicating that the principal shear stress at the triple 
junction is the left-lateral shear along the Pacific-Easter trans- 
form, although the right-lateral Nazca-Easter transform is 
seismically more active. A component of compression along the 
northern microplate boundary (Fig. 6) may help to explain the 
seismicity pattern’. 

West of the triple junction, the Pacific-Easter transform 
boundary trends nearly east-west (Fig. 5) to connect with the 
northernmost spreading segment of the West rift system. The 
Sea Beam lineations indicate that a fracture zone extends at the 


same azimuth 80 km farther west, suggesting that this geometry 


has been stable for at least 1 Myr. 
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Western boundary. The western microplate boundary consists 
of three major spreading segments. Fresh glassy basalts dredged 
from each of these segments, together with those dredged on 
the eastern boundary, essentially confirm the existence of simul- 
taneous spreading on the East and West rifts'®. Our boundaries 
have been slightly modified based on the dredging results. The 
northern two segments trend roughly north-south (slightly west 
of north, Fig.2) and are spreading at ~120-140mm yr! 
(Fig. 3a). These segments are offset by ~100 km along a sinistral 
transform zone near 24°15'S. The southwestern spreading seg- 
ment trends north-west to south-east and appears to join the 
West rift at an axial kink near 25°30’ S, or there may be a small 
pi eae offset which we are unable to resolve with our 
ata. 

The South-west rift is a clearly defined seafloor spreading 

system previously hypothesized*’* but only now documented, 
which trends north-west to south-east (140°) in striking contrast 
to all other spreading segments in the area. It appears to be 
propagating towards the south-east. Two independent lines of 
evidence that demonstrate the north-west to south-east trend 
are the skewness of the magnetic anomalies, which can be well 
matched by the model anomalies if the spreading axis azimuth 
is ~140° (Fig.3c), and the Sea Beam lineation orientations, 
which imply an azimuth of 120-145° (with some lineation fan- 
ning on opposite sides of the axis suggesting a nearby relative 
rotation pole, Fig. 5). The bathymetric axis (Fig. 4) has a more 
southerly trend than the bisector of the Brunhes/Matuyama 
reversal boundaries (Fig.2), indicating asymmetrical and/or 
oblique spreading or very recent additional rift propagation with 
a more southerly azimuth. The bathymetry (Fig. 4) indicates an 
azimuth of 143° for the present spreading axis. The young crust 
created on this north-west to south-east oriented spreading 
centre is characterized by typical ridge-parallel bathymetric and 
magnetic patterns, bounded to the north-east and south-west by 
steep inward-facing scarps (Fig. 4). These scarps converge to 
the south and appear to be slightly diachronous, becoming older 
in the north (Figs 2,4). Both scarps correlate well with major 
changes in Sea Beam lineations (Figs 4, 5). We therefore inter- 
pret these scarps as pseudofaults which indicate propagation to 
the south-east (at a rate of ~100 mm yr‘). This interpretation 
is supported by the increase in Fe content of basalts toward the 
south-east'®, Spreading rates appear to slow towards the south- 
east from ~90 to 50 mm yr '. Thus, both the eastern and western 
microplate boundaries are simultaneously active spreading 
centres, and the southern segments of these spreading systems 
are propagating in opposite directions. 
Southern boundary. The South-west rift may curve south-east to 
merge with the southern transform boundary, or may be trun- 
cated by it, or there may be an en echelon ridge/transform 
geometry". Although there is a suggestion (Figs 2, 4, 6) that one 
en echelon segment may exist, we have drawn an oversimplified 
east-west transform boundary where the focal mechanisms® 
suggest east-west right-lateral strike-slip motion extending into 
what may be an RRF (rift-rift-fracture) or RFF triple junction. 
The spreading centres north and south of the junction seem to 
be co-linear but spreading at different rates, so asymmetrical 
spreading or ridge jumping may maintain the co-linearity, which 
could explain why the magnetic anomalies south of the micro- 
plate are so confused. This unstable RRF junction could evolve 
to a stable RFF configuration if the transforms were co-linear. 
If the southern transform boundary has evolved into a slow 
spreading centre®, it must be spreading very differently than the 
South-west rift. This boundary contains the shallowest and 
roughest bathymetry in the area as well as at the highest level 
of seismicity. We are only able to locate this boundary and 
the southern triple junction within a broad zone, and the seis- 
micity pattern (Fig. 6) indicates additional complexities to the 
south. 

Some of the shallow bathymetry may be seamounts derived 
from the mantle source presumably producing the anomalously 
shallow bathymetry of the microplate. These seamounts could 
show Pacific-hotspot motion, predicted to be 284° here’, or 
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Fig. 4 Bathymetric profiles plotted perpen- 
dicular to the ship track, except for the northern 
and southern transform zones ın which the data 
are projected east-west. Bathymetry shallower 
than 3,000 m is above trackline (or to the west 
for the transform zones), Tectonic elements and 
data sources are the same as in Fig. 2. Scale 
bar, 3,000 m. 


~26.00° 


could be leaking up along the southern boundary of the micro- 
late. 

s There is no well-defined spreading axis south of this presumed 
southern boundary of the microplate until ~31°S (ref. 26; H. 
Craig, personal communication). The seismicity pattern (Fig. 6) 
suggests that there are two separate ~80-km left-lateral trans- 
form offsets near 29°S and 29°30'S, which may be the fastest 
slipping transforms in the world. 


Microplate interior 


Most of the microplate interior is characterized by north-east 
to south-west seafloor fabric clearly oblique to the dominant 
north-south trend of the spreading centres and abyssal hill fabric 
surrounding the microplate (Fig. 5). Presumably, the microplate 
lithosphere was also created with this north-south fabric, but 
because of the time-progressive transferral of this lithosphere 
from one plate to another, the pre-existing fabric of the trans- 
ferred lithosphere was sheared and tectonically rotated into the 
observed oblique trends characteristic of continuous rift propa- 
gation***. 

An earlier explanation”? for these oblique trends was that 
rotation of the microplate and East rift about a nearby relative 
rotation pole would produce ‘fanned’ lineations. However, the 
continuous rotation of abyssal hill fabric implied by this 
hypothesis is not seen in our Sea Beam data. There is little to 
no fanning on the Nazca plate (Fig. 5), and instead of continuous 
fanning on the microplate there are abrupt discontinuities 
(pseudofaults) separating lithosphere with quite different 
abyssal hill trends, indicating multiple episodes of rift propaga- 
tion, perhaps six major episodes. 

The pattern of spreading rates and epicentres suggests that 
at present the microplate is behaving as an independent plate 
rotating like a ballbearing between the Pacific and Nazca plates 
at a high angular velocity (~15° per Myr clockwise) relative to 
the mantle about a pole located near the centre of the microplate. 
We emphasize that this interpretation is based on our pre- 
liminary analysis of spreading rates and plate motions. This 
analysis is complicated by the evident deformation of the micro- 
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plate (Fig. 5) and the complicated magnetic anomaly pattern, 
which makes some of the spreading rates suspect. To the extent 
that these rates are correct, the East and West rifts should be 
rotating rapidly clockwise, producing fanned anomalies on all 
the plates, but this is not observed (Fig. 5). One possible explana- 
tion is that the existing spreading centres, rather‘than being 
rotated to a new trend, are replaced by a series of propagators 
that each have roughly north-south azimuths. Thus, the spread- 
ing centre azimuth could essentially always be north-south and 
the anomalies rotated only on the microplate. Alternatively, 
oblique and asymmetrical spreading could produce the observed 
pattern. The hypothesized microplate rotation would produce 
complex patterns of compression and tension along the plate 
boundaries, as well as gradual propagation of the South-west 
rift along the southern transform boundary. 

The scale of the microplate shearing is impressive (Fig. 5). 
Our Sea Beam data indicate that rift propagation has been 
generally continuous, with shear deformation distributed over 
the entire plate (~400 x 400 km), rather than episodic rift propa- 
gation with discrete transform faults and fracture zones (the 
degenerate form of pseudofaults), although some east-west 
structures could have resulted from pauses in propagation. The 
numerous intraplate earthquakes (Fig.6) also indicate plate 
deformation. 


Discussion 


Here, we document the existence, at least temporarily, of an 
Easter microplate between two actively spreading segments of 
the EPR. We next speculate on the origin of the microplate and 
whether this is a transient or stable phenomenon. We prefer 
the explanation that it is a result of rift propagation on a 
very large scale and the existence of dual active spreading 
centres is a transient phenomenon arising because of the long 
time necessary for one spreading centre to slow and ultimately 
fail as the other gradually accelerates to take up all of the 
Pacific-Nazca separation. This large-scale rift propagation 
may be driven by gravitational stress produced by mantle con- 
vection®?’, 
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Fig. 5 Lineation map generated from Sea Beam data. Lineations 

are extrapolated out to a swathe envelope which is four times the 

Sea Beam swathe width. Lineations subparallel to ship tracks are 

drawn as far as they are observed. Tectonic elements are the same 
as in Fig. 2. 


Much evidence exists for unusually intensive mantle convec- 
tion in this area, where present seafloor spreading rates are the 
fastest on Earthi, and various hotspots, mantle plumes and 
mantle hot lines have been proposed under Easter Island, Sala 
y Gomez Island, south of the microplate, and near or under the 
East rift of the microplate near 27° S161878- to explain the 
islands, seamounts and aseismic ridges extending away from 
this general area (Fig. 1). The microplate is near the centre of 
a huge region of anomalously shallow bathymetry’, clearly 
delineated by the 4-km isobaths (Fig. 1), and correlates well 
with a broad region of anomalously low velocity surface waves 
as well as low shear wave velocities in the upper mantle”. 
Further evidence for unusually extensive mantle convection in 
this area comes from the >He/*He ratio in basalts dredged from 
the south-east boundary of the microplate, which is 11 times 
the atmospheric ratio, significantly greater than the mid-ocean 
ridge basalt values (8 + 1 times atmospheric) found everywhere 
else along the EPR, which clearly shows the presence of a mantle 
plume component”. These results are consistent with an 
unusually warm and strongly convecting mantle and thin and 
weak lithosphere, which could be susceptible to non-rigid plate 
behaviour’ or plate boundary reorganizations”*”"*”°. Stresses 
produced by the intensive convection could perhaps cause the 
plate to break along more than one zone’. 

Dual spreading could also develop if the EPR segment closest 
to the hotspot tended to jump back toward the hotspot instead 
of migrating west with the rest of the EPR, a phenomenon 
previously proposed near the Iceland’ and Galapagos” hot- 
spots. All spreading centre jumps investigated in detail have 
resulted from nft propagation, and presumably all jumps involve 
propagation at some scale’. In order not to migrate off the 
hotspot, the East rift would need to spread at ~120 mm yr™' 
(ref. 11), as observed’, and perhaps this helps to explain why 
the South-west rift, instead of failing, is still spreading at 
~60 mm yr. . 

Dual spreading centres could also develop if there is a ‘speed 
limit’ for seafloor spreading centres’. The microplate is located 
along the fastest spreading (~170 mm yr‘; ref 26) part of the 
fastest active seafloor spreading system''~'*. Note that? in wax 
modelling experiments’? an ‘island’ sometimes temporarily 
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Fig. 6 Seismicity and focal mechanisms® and our tectonic inter- 
pretation (same as Fig. 2). Small circles, National Geophysical 
Data Center earthquake epicentres from 1963 to 1978; large circles, 
M,> 5 1; stars, earthquakes whose mechanisms have been deter- 
mined Modified from ref. 8. Mp, earthquake magnitude. 


developed in the middle of the ‘spreading centre’ when the 
spreading rate was very fast, suggesting that the Easter micro- 
plate is analogous’. This region of Pacific-Nazca opening may 
be just above such a speed limit, with dual active spreading 
centres bounding a growing microplate. 

Although a microplate between dual spreading centres could 
originate in any of the several ways discussed above, its evolution 
depends on whether it is a transient or a stable phenomenon. 
One possibility is that two spreading centres are more effective 
than one in accommodating extremely fast plate separation 
and/or unusually intensive mantle convection and that this is 
a stable growing microplate with the potential to develop into 
a major oceanic plate. Arguments in favour of this hypothesis 
have focused on the possibility that less work might be required 
for dual spreading than for one superfast spreading centre’. 
However, faster spreading rates should lead to wider magma 
conduits and reduction in the viscous forces resisting spread- 
ing”. Alternatively, the microplate could be a transient 
phenomenon. Perhaps it will eventually be welded to one of the 
major plates as one of the spreading centres fails, or per- 
haps its boundaries are more or less continuously rearranged 
so that there is usually a microplate of about this size in the 
area. 

The propagating rift hypothesis provides the most straightfor- 
ward explanation for why two spreading centres are currently 
active; thus, we interpret the microplate as a transient 
phenomenon between overlapping propagating and failing rifts 
on a grand scale, similar to Iceland (where there are dual rift 
zones and Surtsey appears to be at the tip of the southward- 
propagating south-east rift*°). Perhaps at this huge scale it takes 
several million years for the failing rft to cease 
spreading **?°3*4! and during this transient microplate period, 
the failing mft curves strongly (perhaps adjusting azimuth by 
propagation) toward the propagator, as seen to a lesser extent 
in the Galapagos area”. Thus, we concur with previous interpre- 
tations”? that the plate-boundary geometry is being rearranged 
by rift propagation and that the East rift will eventually pre-empt 
the West rift. 

In our opinion, other very large (hundreds of kilometres) 
spreading centre jumps proposed previously*'~** also resulted 
from large-scale rift propagation, perhaps initiated in this same 
area, which has been anomalously shallow for >30 Myr. 
Although mantle convection effects and/or superfast spreading 
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once initiated the propagation may continue away from this 
area (especially when plate motions are changing*’) and cause 
-progressive large-scale spreading axis shifts. We interpret this 
microplate as the present-day analogue for the large-scale reor- 
ganization of the East Pacific’? (and Indian Ocean**) seafloor 
Spreading system as the present EPR propagated north, 
gradually replacing the old Pacific-Farallon spreading system 
and reaching the North American continental margin at about 
the time and place that the continent began to break apart in 
the Gulf of California. 
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Easter microplate evolution 
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Geochemical evidence confirms that there is current active spreading on both the East and West Rift zones of the Easter 
microplate, and northwards propagation of the East Rift with the active tip at 25°S. The East Rift is influenced by lateral 
flow of plume-derived material from a hotspot located beneath either Sala y Gomez or Easter Island. Spreading rate 
variation does not seem to be influential in controlling the composition of erupted basalts. 


WE report on a rock-dredging cruise along the axis of the East 
Pacific Rise (EPR) between 22° S and 29 °S along the boundaries 
of the Easter microplate (Fig. 1)'~*. The region is of particular 
interest as the Pacific and Nazca Plates are diverging at a 
full-spreading rate of 180 km Myr™’, the fastest currently active 
seafloor spreading rate on Earth’. The crest of the EPR is split 
into two branches which are spreading at very different rates 
and which form an intervening microplate'*. The elevation of 
the crest of the EPR shoals to a minimum of 2,100m water 
depth near Easter Island*’, a proposed hotspot® which may 
have influenced both the tectonics of the region by recurring 
rift jumps and the composition of volcanic products. The region 
is also extreme with respect to the recognized inverse correlation 
between spreading rate versus anomalous ridge crest elevation 
caused by the proximity of hotspots and associated mantle 
upwelling’: the slow-spreading ridge-centred Iceland hotpsot is 
the other extreme in this relationship. The exact tectonic 
configuration and origin of the Easter microplate remains uncer- 
tain. Several models have been proposed to explain emerging 
data'*°-"!, Whichever model may prevail, the region provides 
a unique opportunity to study in a limited area the effect of 
spreading rates on melting and mixing conditions and 
homogenization of mantle heterogeneities possibly present 


beneath mid-ocean ridges. So far, such studies have been limited 
to comparison of ridges from different oceans that may be 
underlain by mantle sources of possibly quite distinct histories. 
Our rock sampling was designed to study such effects by petro- 
logical and geochemical means as well as test proposed tectonic 
models. Here we present preliminary results obtained during a 
1984 cruise aboard R/V Endeavor and a subsequent study of a 
first series of basaltic glasses, one per dredge haul, selected on 
the basis of freshness. 


Exploration method 


We used as a first guide the microplate boundaries proposed 
by Hey and co-workers**, based on a recent SEABEAM and 
magnetic survey (Figs 1, 2). In contrast with previous interpreta- 
tions, their model suggests that the East Rift is propagating 
northwards instead of north-north-east, and that the tip of the 
well-defined propagating rift is at ~25°S, 112°25’ W instead of 
23°20'S, 111°30'W, as proposed by Handschumacher and 
coworkers’. The narrowing of the axial magnetic anomaly is 
explained by a young fast-propagating rift moving northwards 
into older crust of unknown age at a rate of~150 km Myr“, 
with a constant total spreading rate of ~120 km Myr™'. North 
of this propagator, we tentatively estimated the full rate of 
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spreading to be 50-60km Myr`', compared with 120-140 km 
Myr’ on the West Rift at the same latitutde (23° S-24°30' S). 
South of the 24°30 S fracture zone, the West Rift curves north- 
west to south-east and the spreading rate may progressively 
decrease southwards, possibly as the result of the complex 
evolution of a leaky transform fault into a spreading centre 
which would involve the rotation of the microplate’? as well as 
rift propagation (Fig. 1). Simultaneous spreading of both the 
East and West Rifts is implicit in this model. 

Before dredging, we ran 40-50-km long profiles across the 
plate boundaries, measuring bathymetry by seismic reflection 
(3.5 and 12 kHz) and total magnetic field intensity at 1-min 
intervals (Fig. 2). A portable X-ray fluorescence spectrometer 
(XRF) was used on board to analyse Fe, Cr, Mn and Ti in 
basalts immediately after dredge recovery, to explore the loca- 
tion of the tip of the proposed rift propagators in ‘real time’ 
and to study the possible effect of fracture zones on basalt 
composition. (It is now fairly well established that FeO* and 
FeO*/MgO content of basalts that erupted along mid-ocean 
ridges increase greatly near propagating rift tips'?"'® as well as 
near some ridge-fracture intersections?) We first chose a 
relatively wide sampling interval to determine the broad first- 
order geographical trends in Fe, Cr, Mn and Ti. We then 
backtracked and dredged between the first series of stations to 
test and refine the first-order trend obtained on board. We carried 
out this second test only on the East Rift (see station number 
progression in Fig. 1; black dots and open circles in Fig. 3). 

The nature of our rock recovery, including the distribution 
of fresh basaltic glasses (Fig. 1), confirms the gross features of 
Hey’s preliminary tectonic model**"'. Uncertainties in the posi- 
tion of the EPR axis remain, however, between 28°S and 29°S 
where the active rift might be 10-20 km west of our dredging, 
- and on the northern end of the East Rift (north of station 17D) 
where a broad zone of deformation is suggested from the 
recovery of peridotites at station 18D and the abrupt discon- 
tinuity in the depth profile along the East Rift (Figs 2, 3). This 
evidence has been integrated with other geophysical evidence 
into a model which is discussed in detail elsewhere* (see Fig. 2 
insert) 


S 180 km Myr” 
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Fig. 1 Location of ship tracks and dredge 
hauls obtained during R/V Endeavor cruise 
EN-113, Full-spreading rates (s) of the various 
ridge segments proposed by Hey and co- 
workers’ are also indicated. Double lines show 
known location of rifts and double dashed lines 
inferred location. Question marks indicate 
uncertain location of fracture zones. See insert 
in Fig. 2 for locations of proposed propagating 
rift tips. Rock types collected mdicated by 
arrows, nepheline normative basalt; triangles, 
breccia and peridotite; circles, fresh glass; half 
i filled circles, slightly altered glass; crosses, 
EASTER cruise Pascua 04 (ref. 4) 

ISLAND 


10° 109° 


East Rift 


The first-order geographical trend in FeO*/MgO along the East 
Rift are shown in Fig. 3, which also illustrates the FeO* trend 
discovered using the XRF unit (black dots). There is a steady 
northwards increase in Fe content up to the propagating rift tip, 
accompanied by a deepening of the ridge crest and development 
of a rift valley (Fig. 2). This phenomenon was also observed on 
the 95.5° W rift propagator along the Galapagos Spreading 
Centre’**". North of the propagating rift tip, the FeO* content 
is significantly lower, and the elevation of the ridge crest is more 
typical of the EPR. In one dredge haul (13D) just north of the 
propagating rift tip, we recovered two types of basalts: an older 
type low in FeO*, comparable with basalts from the active ridge 
axis to the north east; and a fresh glassy type rich in FeO*. The 
older type is a quartz normative tholeiite, whereas the more 
recent basalt is nepheline normative (poorer in SiO,, richer in 
AlO, and Na,O) and may be the result of lower degrees of 
partial melting, as often found for ridge-flank magmas*'~*>. This 
young basalt may represent the first melt associated with rift 
propagation. 
Our preliminary profile also suggested a possible increase of 
FeO* south of 27°S, the nearest point to Easter Island, thus 
forming a V-shaped FeQ* profile reminiscent of the one found 
on the Galapagos Spreading Centre’*’’, with a Fe minimum 
closest to the hotpsot and Fe maxima near the propagating rift 
tips, one moving north, the other south. High-amplitude mag- 
netic anomalies associated with the northern maximum are in 
agreement’''. Our subsequent test of this first-order trend 
confirmed the increase in FeO* northwards of 27°S, but also 
revealed an increased scatter in FeO* content about the pre- 
liminary trend south of 27°S (see open circles in XRF/FeO* 
trend in Fig.3). FeO*/MgO variation, obtained by electron- 
probe analyses of basalt glasses after the cruise (Table 1), 
confirms the early XRF analyses on powdered basalt rocks made 
aboard the ship (Fig. 3), and supports the location of the tip of 
a rift at 25°S, but leaves open the possibility of a southwards 
propagating rift at 27 °S. Evolved basalts with anomalously high: 
FeO*/Mg0O ratio extend up to 100 km behind the 25° S propagat- 
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Fig. 2 Bathymetric profiles and 23° S FZ. 
locations of dredge hauls obtained 33 2600 
during R/V Endeavor cruise EN-113. 5556 Ned 
(See A, B, C here and Fig. 1 for 3100 3400 
location of the profiles across the cate 3I 
spreading boundaries of the micro- aigan 000 
plate.) The tectonic map (insert) 2800 peed a 2860 
shows the spreading boundaries of 2600 
the Easter microplate recently pro- A 00 
posed by Hey and co-workers? which 24.5° S F.Z. 


includes the recent geophysical and 
petrological evidence obtained dur- 
ing cruises Pascua 04 and EN-113. 
Double lines represent rifts; V- 
shaped lines represent the pseudo- 
faults with the proposed current 
propagating rift rips at their apex, 
and double-dashed lines represent 
transform faults. 
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ing rift tip, reflecting the transient nature of magmatic processes 
associated with the propagation of this segment of the ridge. 
The width and height of this FeO*/ MgO anomaly is within the 
‘range observed along other propagating rift segments studied 
so far'*, despite the fact that the rift propagating rate and 
. spreading rate are in this case significantly higher (150 and 
120 km Myr ', respectively). However, the ratios of propagation 
rate to spreading rate are similar and close to unity in all these 
cases. 

As indicated above, the location of the axis of the EPR 
between 28° S and 30° S remains uncertain. The absence of fresh 
glass and the extent of palagonite and manganese oxide encrus- 
tation on pillow basalts recovered between 28°S and 29°S 
suggest that we were sampling a 1,000 to 10,000-yr-old sea floor, 
but not older than 100,000 yr. Topographical profiles (Fig. 2) 
suggest that the crest of the EPR is slightly west of our sampling, 
perhaps in direct continuation of the East Rift between 27°S 
and 28°S. This off-axis sampling may explain the scatter in 
FeO* or FeO*/MgO observed south of 28°S and does not 
exclude the possibility of southwards propagation of a rift as 
well. The crest of the EPR has been located at 30°S, just east 
of 112° W (H. Craig, personal communication). A major fracture 
zone offset must therefore be present between 29°S and 30°S. 
Thus, the tip of the inferred southward propagator may abut a 
major fracture zone, as is also the case for the 85° W Galapagos 
rift popagator’*, 


West Rift — 


The western boundary of the Easter microplate was not sampled 
at the same density as the East Rift (Figs 1, 3). However, the 
overall distribution of fresh glasses along the West Rift (Fig. 1) 
and the apparent presence of two.elongated, freshly frozen, lava 
lakes (24D and 25D) supports the hypothesis that active spread- 
. ing is continuing. The lava lakes were evident from the flat 
nature of the axial valley (Fig. 2) and the recovery at these two 
stations of basalt sheet flows and fresh glass layers, sandwiched 
between flat basalt slabs. These features are similar to those 
observed’? during submersible dives along elongated lava lakes 
on the axis of the EPR near 13° N. Simultaneous spreading on 
both the East and! West Rifts is thus confirmed. 

The FeO* (XRF) and FeO*/Mg0O variation on the West Rift 
and on the crest of the EPR north of the microplate is more 
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subdued and irregular (Fig. 3). However, there is a southwards 
increase in FeO*/MgO along the south-east striking West Rift 
where rift propagating and decreasing spreading rate has been 
suggested“. A reversal in the FeO*/MgO trend occurs near the 
proposed tip at 26°45’ S. This is also apparently the case on the 
25° S propagator of the East Rift. Such maxima are also observed 
near the 95.5°W'*!> and Cobb'*!> propagators on the 
Galapagos and Juan de Fuca Ridge, respectively. It has been 
suggested that the distance of such FeO*/MgO maxima to the 
actual tip of the rift propagator may be related to rift propagation 
rate and the length of associated transform fault zones"*. A test 
of this idea will require additional data. However, we note that 
contrary to these other propagating rifts, the south-east rift 
propagator on the West Rift of the Easter microplate is converg- 
ing toward the main EPR axis instead of diverging, and thus is 
penetrating a lithosphere that is progressively warmer instead 
of colder. This may perhaps account for the more subdued 
increase of FeO* and FeO*/ MgO near the top of this propagator, 
relative to these other cases. 


Basalt types and spreading rates 


The basalts range mainly from quartz to olivine normative 
tholeiites on both the East and West Rifts of the microplate as 
well as on the EPR to the north and south. Nepheline normative 
basalts were found at six stations, three on the West Rift and 
three on the East (Fig. 1). These basalts are lower in SiO, and 
higher in AlO, and NaO content than the tholeiites and are 
all depleted in light rare-earth elements (REEs). They are also 
the least fractionated (Fig. 4) with Mg values ranging from 66 
to 69.5, whereas most of the tholetlites have Mg values <66 
(assuming an atomic ratio for Fe**/Fe** + Mg** = 0.14). In three 
of the six stations, the nepheline normative basalts coexist with 
quartz or olivine tholeiites. 

The occurrence of nepheline normative glasses is not an 
unusual feature of the fast-spreading EPR south of the Equator. 
In a previous survey of the crest of the EPR between 5°S and 
13° S7, four stations out of ten were shown to contain nepheline 
normative- basalts, and all the basalts were depleted in light 
REEs. In contrast, in our previous survey of the Mid-Atlantic 
Ridge axis from 79° N to-28° N”? and 1°S to 47° S?, with a full 
spreading rate ranging from <20 km Myr” on the Knipovich 
Ridge to 40 km Myr™ in the South Atlantic, we encountered 
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Table 1 Major element concentrations and La/Sm ratios in basalts from the East Pacific Rise and East and West Rifts of the Easter microplate 
Probe* XRFE INAA§ 
Sample Lat Long. Depth SiO, AlO, FeO™ MgO! CaO Na,O K,O. TiO, P,O; ' MnO Mgt TO, Cr FeO% MnO (La/Sm)n 
°S °W (m) ' ' 

East Pacific Rise ? -ooa 
EN113 35D-1 22.53 114.47 2912 50.13 15.69 10.53 8.19 11.48 2.54 . 1.55 0.07 0.18 61.7 1.58 215 10.82 0.19 0.51 
EN113 36D-1 22.68 114.51 2950 50.55 14.72 10.31 7.45 11.83 2.84 . 1.59 0.11 0.16 60.0 1.65 228 10.71 0.20 0.57 
-EN113 3D-1 22.90 114.51 2975 51.17 15.15 9.21 8.38 12.42 2.40 . 1.21 0.04 0.16 65.3 1.11 256° 9.59 0.16 ` 0.44 
EN113 37D-1 23.00 114.53 3035 50.68 14.11 11.81 6.80 11.27 2.85 . 1.96 0.10 0.20 54.4 1.95 147 11.46 0.20 0.51 
EN113 38D-11, 23.08 114.54 3125 : . i i ; : ‘ i : : F ; . : 0.35 
East Rift Easter Microplate 
EN113 18D-1 23.54 111.81 3532 : ; ‘ 5 i i : ; ; é . ; ; : z 9.60 
EN113 $7D-1 23.86 111.82 3905 50.38 14.73 10.64 6.89 12.11 3.01 0.05 1.97 0.22 0.17 57.3 1.71 178 10.85 0.18 0.62 - 
EN113 16D-1 24.20 111.93 2950 50.55 15.68 8.61 8.30 12.16 3.24 0.10 1.49 0.24 0.18 66.6 1.37 206 9.67 90.15 1.02 
EN113 39D-2 24.36 111.98 2898 r ‘ ‘ k ; ; ; r P : : ; “, : : 0.54 - 
EN113 15D-1 24.53 111.79 2975 50.78 12.69 14.10 6.00 10.53 2.89 0.05 2.93 0.36 0.36 46.9 2.64 158 13.24 0°21 0.64 
EN113 40D-1 24.61 111.95 2825 50.23 15.33 9.31 8.43 13.10 2.54 . 1.11 0.10 0.16 65.2 0.89 276 9.11 0.15 0.44 
EN113 14D-1 24.78 111.97 2630 51.41 14.93 9.57 7.72 11.87 2.80 0.02 1.45 0.21 0.09 62.6 1.42 158 10.36 0.18 0.59 
EN113 13D-1 24.86 112.45 2948 48.91 17.11 8.70 8.15 11.75 3.54 . 1.50 0.17 0.04 66.0 1.27 SOS 10.16 0.18 ~ 0.39 
PA04-12-A 24.98 112.42 3264 50:25 13.41 13.39 5.95 10.07 3.08 0.15 2.57 0.32 0.30 47.9 . E 2 4 . > 0.84 
EN113 12D-1 25.03 112.41 3255 50.57 13.21 13.30 5.68 10.20 3.01 0.12 2.66 0.36 0.17 47.0 2.23 112 12.11 0.22 0.94 
EN113 11D-1 25.24 112.38 3158 ; $ ` ' ; A ; ` : ; . : . . a 1.15 
EN113 10D-2 25.47 112.39 2970 50.83 13.16 13.66 5.54 10.16 2.97 0.10 2.74 0.33 0.27 45.7 2.38 55 12.10 0.20 0.93 
EN113 9D-1 25.66 112.38 2865 50.62 13.56 12.62 6.04 10.66 2.93 0.11 2.72 0.35 0.18 49.8 2.55 92 12.67 0.19 0.93 
EN113 8D-1 25.98 112.55 2668 51.04 14.36 11.50 6.97 10.39 2.85 0.10 2.16 0.22 0.18 55.7 1.99 176 11.42 0.19 0.96 
PAO4-11-A 26.27 112.62 2425 50.11 14.60 10.84 6.82 11.48 2.96 0.23 2.09 0.29 0.23 56.6 . 3 . 1.10 
EN113 7D-1 26.46 112.57 2272 49.75 15.65 10.30 6.93 10.37 3.03 0.37 2.57 0.30 0.17 58.2 2.13 195 10.42 0.16 1.71 
EN113 41D-1 26.58 112.65 2282 50.42 15.40 10.12 7.02 11.41 3.06 0.20 2.20 0.28 0.19 59.0 2.08 195 10.87 0.18 1.39 
EN113 6D-1 26.81 112.64 2362 49:81 16.27 10.09 7.14 10.18 3.02 0.45 2.54 0.30 0.15 -59.5 2.23 153 10.37 0.16 1.94 
EN113 42D-1 26.92 112.70 2590 50.24 15.37 9.66 7.50 11.35 2.92 0.19 2.04 0.31 0.21 -61.7 1.84 239 10.52 0.18 1.26 
West Rift Easter Microplate 2 
EN113 33D-1 23.25 115.43 2815 : . š : a . r < i z ‘ 1.35 165 10.33 0.18 0.62 
EN113 32D-1 23.48 115.38 3270 50.56 14.24 11.22 7.36 11.62 2.64 0.02 1.95 0.16 0.19 57.6 1.79 220 11.44 0.20 0.69 
EN113 31D-1 23.77 115.47 2660 50.51 14.70 10.75 7.78 11.77 2.67 . 1.45 0.08 0.19 60.0 1.51 217 11.16 0.21 0.65 
EN113 30D-1 24.11 .115.41 2800 50.34 15.11 10.34 7.25 11.28 3.09 0.01 1.93 0.28 0.20 59.2 0.9%) 293 9.27 0.15 0.35 
EN113 29D-1 24.31 115.47 2692 49.79 15.01 10.42 7.70 11.71 2.98 0.04 1.60 0.30 0.19 ~60.5 f TRE te 0.71 
EN113 28D-1 24.64 116.42 2740 49.31, 16.43 9.01 8.55 12.31.3.02 . 1.32 0.02 0.16 ° 66.3 1.15 236 9.61 0.16 0.40: 
EN113 27D-1 24.99 116.36 2060 50.63 14.78 9.84 7.76 12.44 2.64 0.07 1.54 0.09 0.17 62.0 1.33 267 9.01 0.16 _ 1.10 
EN113 26D-1 25.28 116.27 2052 47.90 17.96 9.51 9.92 11.36 2.79 . 0.82 0.01 0.15 68.4 0.78 317 10.85 0.18 0.43 
EN113 25D-1 25.66 116.13 2240 50.60 14.57 10.69 7.43 11.72 2.99 0.04 1.65 0.17 0.24 -59.0 1.66 158 11.15 0.19 0.83 
EN113 24D-1 25.90 115.86 2212 50.36 14.50 10.90 7.28 11.67 2.96 0.07 1.73 0.17 0.24 58.1 1.75 126 11.43 0.19 0.96" 
EN113 23D-1 26.13 115.64 2608 50.42 14.60 10.94 7.28 11.90 2.92 0.05 1.77 0.15 0.26 -58.0 1.65 168 11.20 0.19 0.88 
EN113 22D-1 26.35 115.32 2788 50.60 13.75 12.49 6.56 10.83 2.91 0.08 2.21 0.19 0.30 52.1 1.96 106 11.24 0.19 0.95 
EN113 21D-1 26.52 115.09 2705 50.93 13.94 11.52 6.88 11.44 2.84 0.06 1.73 0.18 0.22 -55.3 1.48 131 10.82 0.18 . 0-86 
EN113 20D-1 26.70 114.92 2918 49.88 14.71 10.47 7.46 12.35 3.04 0.08 1.76 0.19 0.18 59.6 1.60 226 9.11- 0.16 1.09 
East Pacific Rise i 
ENI13 SD-1 27.21 112.77 2632 50.08 15.72 9.21 9.21 12.01 2.41 . 1,07 0.12 0.18 67.5 0.99 261 9.82 0.16 0.54 
EN113 43D-1 27.30 112.81 2438 50.48 14.80 9.96 7.46 11.96 2.77 0.09 1.69 0.27 0.18 60.8 . oe 1.03 
EN113 4D-1 27.53 112.76 2520 47.29 16.59 11.23 10.59 10.24 2.83 . 1.39 0.12 0.18 66.2 1.26 285 11.91 0.19 0.59 
EN113 44D-1 27.64 112.84 2522 50.19 15.70 8.73 8.21 12.55 2.75 0.06 1.44 0.26 0.23 - 66.1 1.30 250 9.16 0.15 1.03 
EN113 3D-1 27.88 112.81 2300 49.64 16.34 9.43 8.23 10.99 2.93 0.19 1.87 0.20 0.14 64.4 ‘1.68 187 9.62 0.15 1.44 
EN113 20-1 28.08 112.66 2784 50.39 14.43 11.13 6.43° 11.15 3.15 0.19 2.24 0.35 0.25 54.5 1.95 134 10.89 0.18 1.35 
EN113 45D-1 ` 28.29 112.66 2758 52.23 13.55 12.57. 5.50 9.82 2.92 0.16. 2.09 0.43 0.32 47.6 2.09 101, 12.55 0.22 0.87 
EN113 1D-1 28.48 112.65 2950 . i ; i . i l i i n . 1.57 153 11.12 0.19 0.71 
EN113 46D-1 28.72 112.73 2750 49:25 17.34 7.93 8.71 12.02 3.25 0.05 1.22 0.24 0.14 69.5 1.30 282 8.60 0.15 0.68 
EN113 47D-2 29.01 112.79 2488 50.62 14.68 10.49 7.45 11.55 3.13 0.02 1.83 0.30 0.25 59.5 3 , ‘ x 0.64 
EN113 48D-1 29.02 112.70 2448 50.75 14.57 10.61 7.14 10.99 3.09 0.05 2.26 0.32 0.23 58.2 2.04 165 11.80 0.20 0.62- 
Probe Standards! : 
VG-A99 Reference standard 51.31 12.70 13.32 $.13 9.35 2.65 0.76 3.97 0.46 0.21 - 

standard deviation 0.50 0.25 0.34 Ọ.IS 0.20 0.14 0.10 0.22 0.07 0.05 
VG-A99 Accepted value 50.90 12.97 13.18 5.18 9.38 2.73 0.80 3.89 0.41 0.19 
VG-2 Reference standard 50.91 14.09 11.66 6.98 11.iS 2.68 0.16 1.77 0.28 0.21 

standard deviation 0.45 0.19 0.25 0.17 0.23 0.16 0.05 0.12 0.03 0.05 
VG-2 Accepted value $0.81 14.06 11.84 6.71 11.12 2.62 0.19 1.85 0.20 0.22 





All concentrations in weight % except Cr in p.p m ; FeO" 1s total iron as FeO. 


* Averages of 9-12 spot electron microprobe analyses on at least’three glass chips per sample. Microprobe operating conditions a 


nd methods for basalt glass analysis 


are the same as Sigurdsson’ except counting times were 20s and Corning synthetic glass ‘W’, USGS fused basalts BCR-1 and AGV-1 were used as primary standards 


for Mn, Ca and Al, respectively. 


t Mg” = Mg**/Mg?* + Fe?* atomic ratio assuming an atomic ratio of Fe2*/ Fe** + Fe?* =0 14. 
t Averages of 3 XRF analyses of the basalt interior powders. A portable X-ray fluorescence spectrometer (Hankison Model 2501 Portaspec) was used for shipboard 


analysis of Fe, T, Mn and Cr. Method will be reported by Davis ef al 
and 11.9 and +18.6 and 37 1 for FeO", TiO, MnO and Cr respectively 


§ La/Sm ratios in basaltic glasses were obtained by the same routine INAA method as reported by Schilling et a 
yses of test standards VG-99 and VG-2 respectively Accepted compositions of the standards 


Average and one standard deviation for 46 and 14 microprobe anal 
were determined by wet chemical analyses from Jarosewich et al”? 


nepheline normative basalts in only 3 of >200 stations. Two 
were strongly enriched in light REEs and associated with off- 
ridge hotspots (35° N, Great Meteor and 16°S, St Helena) and 
one was picritic and unusually strongly depleted in light REEs 
(just south of the Hayes Fracture Zone). Out of 28 stations on 
the Galapagos Spreading Centre (60 km Myr™' spreading rate), 


i 


{in preparation). Estimated precision and accuracy are (in %) +40 and 5.2, +2.7 and 9 4, 49,2 


778 


f 


we have encountered only one nepheline ñormative basalt, 
enriched in light REEs, on a segment closest to the Galapagos 
hotspot'*. The location of nepheline normative basalts around 


- the boundaries of the Easter microplate show no relation to — 


either proposed spreading rates or elevation (Figs 1-3). Three 
stations are on the ridge segment spreading at a rate >100 km 


~ 


` 
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Fig.3 Latitudinal vanation of 
depth and composition of basalt 
glasses dredged along the East Rift 
(right) and West Rift (left) bounding 
the Easter microplate Black dots and 
open circles in the depth and FeO* 
(XRF) profiles represent first and 
second dredge sampling sequence 
(see text). For other profiles, ridge 
segments spreading at different rates 
(see Fig. 1) are shown dy different 
symbols: Left (West Rift)—cross, 
140 km Myr}; open square, 
120 km Myr~'; open triangle ~0- 
60km Myr’. Right (East Rift)— 
cross, 140 km Myr™'; open triangle, 
50-60 km Myr '; open circle, 
120 km Myr`™!, including segment 
south of the microplate (28° S-29° S) 
where our sampling ts off the ridge 
axis and spreading rate at this time 
is uncertain. The FeO* (XRF) trend 
is from whole-rock powders. Other 
trends are from a first series of basalt 
glasses selected from each dredge 
haul on the basis of freshness. A 
study of variability within each 
dredge haul ıs now in progress. 


FeO” xa) FeO"/MgO K,O (La/Sm), 


Depth (km) 


Myr! (26D, 28D and 31D), two at 180km Myr™' (46D and 
4D), and we have already commented on station 13D beyond 
the 25° S propagating rift tip where the spreading rate is probably 
very slow. The low SiO, nepheline normative basalts may rep- 
resent rapid segregation of melts from greater depths without 
significant mixing or residence time in shallow magma chambers 
possibly underlying these EPR ridge segments. It also suggests 
that if well mixed, steady-state-like magma chambers are present 
beneath the fast-spreading EPR as commonly assumed, they are 
not continuous. Finally, the commonly held notion of increasing 
basalt alkalinity with decreasing spreading rate***' does not 
seem to be justified. 

Our preliminary petrological study indicates little difference 
in the range of petrological type between the East and the West 
Rifts, or the EPR segments north or south of the microplate, or 
with proposed spreading rates (Fig. 1). They all overlap and 
follow the same general fractionation trend, which is not par- 
ticularly different from slower spreading ridges (Fig. 4). 

Finally, we note that basalts on the East Rift from the two 
stations (6D and 7D) that are closest to Easter Island and most 
enriched in K,O and light REEs, are also distinctly lower in 
CaO/AI,O; for their intermediate Mg values (58-61). These 
features suggest early saturation and removal of clinopyroxene. 
Basalts from these two stations are also displaced toward the 
plagioclase apex in Fig. 4, and are off the general fractionation 
trend for the Easter microplate, suggesting that a wider pyroxene 
stability field also exists. The same situation was observed on 
the Galapagos Spreading Centre on the segment closest to the 
Galapagos hotspot'***. 


Hotspot influence 


Preliminary data on K,O and La/Sm variations along the East 
Rift of the microplate culminate around 27° S, where the eleva- 
tion of the axis reaches a maximum. This segment of the East 
Rift is also closest to Easter Island (Fig. 3) and the morphology 
of the ridge axis is domed and highly constructional (Fig. 2). 
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On the other hand, on the West Rift and on the EPR north of 
the microplate, both the K,O content and the La/Sm are more 
typical of normali mid-ocean ridge basalts (MORBs) 
((La/Sm), <1, K,0<0.1 wt%) (Figs 3 and 5). 

The La/Sm profile on the East Rift is clearly decoupled from 
that of FeO/MgO% and its gross feature is likely neither to be 
the result of shallow depth fractional crystallization, nor the 
result of smaller degrees of melting (Fig. 3). The locations of 
the few nepheline normative basalts encountered with low Si0, 
and high Al,O, and Na,O, which could reflect smaller degrees 
of melting and derivation from greater depth, show no relation 
with that of La/Sm (Fig. 1). Furthermore, a plot of TiO, and 
P-O, with latitude using data from Table 1 would reveal a 
complex pattern intermediate between that of FeO*/MgO and 
(La/Sm) pn. This is to be expected because these two incompatible 
elements are normally affected by both magmatic processes 
(extent of partial melting and fractional crystallization, as reflec- 
ted by the FeO*/ MgO variation) and mantle heterogeneities (as 
reflected by the (La/Sm), variation). These incompatible ele- 
ment variations strongly suggest that the anomaly in La/Sm on 
the East Rift is manile-derived and related to the influence of 
a hotspot located east of the microplate, either the Easter hot- 
spot? or the Easter hotline’. This is supported by high °’Sr/*°Sr 
and *He/*He and low '*Nd/'“*Nd isotope analyses of two 
glasses collected during the Pascua expedition**”° (see the two 
crosses in Fig. 1). 

The slight increase of K,O and La/Sm south-east on the West 
Rift (Fig.3), which is accompanied by a slight increase in 
FeO*/MgoO, could in part be accounted for by either shallow 
depth fractional crystallization, slightly smaller degrees of melt- 
ing, or by the fact that the ridge is striking south-east and is 
moving closer to the East Rift and the alleged hotspot. 

The combined La/Sm profile for the EPR between 18°S and 
34° S, including the microplate (Fig. 5), shows that the width of 
the La/Sm anomaly is of the order of 350 km. The anomaly is 
spike-like and irregular and characterized by large local disper- 


= SS ARTICLES 


Di+Hy 
60 






WEST RIFT 


Qz 
50 


Ab+An FotFa 
90 50 
Di-tH 
Qz ‘so. «QZ Di+Hy 
50 
fa 
oF eee 4 ses hess gg in oS 
Se A Ab+An Fe+Fe 
EAST RIFT on 
ou 
o 0 
oO 
Qz 
50 
G lc 
Az e 
Ab+An = Fo+Fa 
90 50 


Fig. 4 CIFW normative ternary plots (wt %) for basalt glasses 
dredged during cruise EN-113. a, East; b, West. Symbols define 
ridge segments spreading at different rates as indicated in Fig. 3 
(see also Fig. 1). Ic, Az and G are best-fit liquid lines of descent 
for other MORBs from segments spreading at full rate of: 20 km 
Myr™! (MAR 53° N-69°N, ref. 28); 40 km Myr™! (MAR, 28° N- 
52° N, ref. 28), and 60km Myr‘ (Galapagos Spreading Centre, 
83° W-102° W, ref 13), respectively The best-fit lines were 
obtained by a method described by Bryan and Dick“ 


sion, which we have shown is chracteristic of the influence of 
off-ridge hotspots on the geochemistry of adjacent ridge axes””. 
We have shown that for ridges with a full-spreading rate of 
20-60 km Myr", there is an inverse relationship between either 
the width of geochemical anomalies on migrating ridge segments 
(W), or associated anomalous elevation (AE), and distance (y) 
to nearby hotspot influencing these ridge segments, namely 
W =1,010—24.5 y'/? and AE =2.42 x10? W, with W, y and 
AE in km”. Taking these two empirical relationships at face 
value and using W=350km, we calculate that the hotspot 
should be located 725 km east of the East Rift (as this rift is 
geochemically the most affected of the two). The predicted 
topographical anomaly around 27°S should be 0.85 km above 
the normal mid-ocean ridge depth (2,900 m), or 2,050 m; this is 
in good agreement with the observed depth of 2,100 m (Figs 2, 3). 

This model places the hotspot beneath Sala y Gomez, as also 
recently proposed by Duncan and Hargraves” and Okal and 
Cazenave” on the basis of hotspot tracks and plate reconstruc- 
tions, and not beneath Easter Island®. The only rare-earth abund- 
ance pattern available in basalts from Sala y Gomez is the most 
enriched in light REEs among basalts of similar bulk composi- 
tion observed along the so-called Easter hotline, including Easter 
Island and the seamounts located east of Sala y Gomez”. There 
is also a suggestion that the '**Nd/'“Nd ratio increases from 
Sala y Gomez, Easter Island and the East Rift of the microplate, 
and that the °’Sr/®°Sr ratio tends to decrease**"’. These observa- 
tions support the hypothesis of a subcrustal lateral flow between 
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Fig.5 Latitudinal variations of La/Sm ratio {normalized to chon- 
drites} along the axis of the EPR from 18° S to 34° S, including the 
East and West Rifts of the Easter microplate. Data sources from: 
filled and open circles, this work; crosses, refs 27, 47, 48 and 
unpublsihed analyses from this lab including samples from SIO 
Pascua 03 and 04 expeditions (samples provided by J. D. Mac- 
dougall and H Craig) and University of Miamı cruise G27202 
{samples provided by E Bonatt:) Width of geochemical anomaly 
(W) 1s discussed in text. 


the proposed Sala y Gomez hotspot and the westwards-migrating 
EPR, and accompanied binary mixing with the large-ion 
lithophile element-depleted asthenosphere, as is also apparent 
for other off-ridge hotspots", This lateral fow would also 
roughly coincide with the so-called Easter Fracture Zone. Any 
segment of the Easter Fracture Zone subject to a small com- 
ponent of extension could conceivably leak and generate volcan- 
ism along the flow line, producing the recent seamounts, Easter 
Island and the so-called Sala y Gomez Ridge*’ (a broad shallow 
zone punctuated,with many seamounts east of the microplate; 
see Fig. 1 insert). 

In addition to the empirical width (W) versus distance (y) 
relationship discussed above, we have also shown that the width 
of a hotspot-related geochemical anomaly along ridges may also 
be inversely related to spreading rate (S) (Wa1/S)°*°. The dist- 
ance of the hotspot could easily be reduced by a factor of 2-3, 
as the East Rift is spreading at 120 km Myr | where the La/Sm 
anomaly peaks, or 50-60km Myr™' north of the propagator, 
whereas the empirical relationship between W and y was 
obtained for ridge segments with full-spreading rates of 20- 
60km Myr™'. Thus, the hotspot could be located closer to or 
beneath Easter Island. In this case, as within the reference frame 
of a fixed hotspot, the Pacific- Nazca plate boundary is moving 
from the Easter Island hotspot in a 280° direction*’, and the 
geochemical anomaly maximum on the East Rift falls on the 
same vector, it suggests that the lateral flow toward the EPR 
would also strike 280° (see, for example, ref. 40). Furthermore, 
since the Nazca Plate is moving essentially eastward with respect 
to the fixed hotspot, the track left on the Nazca Plate by construc- 
tional volcanism associated with the discharge of this lateral 
flow at the migrating EPR axis, should strike between 270°-280°, 
and thus could correspond with the so-called Sala y Gomez 
Ridge. Thus, it is conceivable that the Sala y Gomez Ridge could 
reflect such track of constructional volcanism instead of having 
been formed along a leaky fracture zone as suggested by Clark 
and Dymond‘*'. Resolution of the topography in the area and 
uncertainties in the absolute plate motions do not yet permit us 
to choose among these various alternatives. 

Whether the hotspot is beneath Sala y Gomez or Easter Island, 
it is conceivable that the plume flow, although directed pre- 
dominantly westwards toward the migrating EPR, could also 
more recently have been partly channelled eastwards along a 
zone of slight plate divergence as the hotspot is becoming 
increasingly intraplate. This is supported by the observation that 
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the influence of the EPR sink is likely to decrease as it migrates 
westwards?ć, and by much evidence that plate movements in 
the region have been repeatedly reorganized during the past 
25 Myr” These movements could have led to a slight divergence 
of the plates north and south of the Easter Fracture Zone. Thus, 
we believe that this channel flow model is a viable alternative 
to the previous model which calls for a hotline along the Easter 
Fracture Zone, consisting of two narrow convective rolls lines 
up parallel to the return spreading flow lines*’. The two models 
need not be mutually exclusive. 

Thus, the exact location of the hotspot which influences the 
geochemistry of the East Rift of the microplate remains an open 
question. Additional evidence, including isotope data and a 
better definition of spreading rates and topography around the 
Easter microplate are needed to resolve the question. 

In conclusion, our preliminary petrological-geochemical 
results and the morpho-tectonic configuration of the Easter 
microplate are reminiscent in many ways of that of the 
Galapagos region in its early stage of development, perhaps at 
the time of the proposed southwards rift jump***°. However, 
the Easter hotspot is now even more remote from the westwards- 
migrating EPR than the Galapagos hotspot is with respect to 
the Galapagos Spreading Centre. The analogy is evident from 
the nearly symmetrical shoaling of ridge elevation, the La/Sm 
increase, the possible decrease in FeO*/MgO at ~27°S on the 
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Single-channel currents of an intercellular junction 


Jacques Neyton and Alain Trautmann 


Laboratoire de Neurobiologie, Ecole Normale Supérieure, 46 rue d’U!Im, 75005 Paris, France 


We have used a double whole-cell patch-clamp system to make the first quantitative recordings of the single-channel 
current from an intercellular junction, presumably a gap junction. The junctional channel has various conductance states 
and discriminates poorly between cations and anions. It seems to change slowly from one conductance state to another. 


IN many tissues there is a system of direct cell-to-cell communi- 
cation that does not proceed through the extracellular space. In 
all the preparations studied so far, this intercellular communica- 
tion has been shown to be ensured by specialized structures, 
the gap junctions, where the apposed membranes of two cells, 
separated by a 3 5-nm space (the gap), are linked by a lattice 
of channels (see refs 1, 2 for review). The junctional channels 
provide a direct pathway for both electrical and metabolic 


communications between coupled cells. They are large enough 
to allow the flux of molecules up to 2nm in diameter**. Their 
conductance has not yet been measured, although quantum 
jumps of conductance have been observed under conditions that 
gave only qualitative information’. 

Here, we report the use of a double patch-clamp system to 
study the electrical coupling in pairs of cells isolated from rat 
lacrimal glands. The voltage and current were controlled in both 
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cells. The signal-to-noise ratio was such that we could observe 
quantal junctional conductance changes which were probably 
caused by the opening and closing of single junctional channels. 
With this technique, the ionic composition of the intracellular 
contents of both cells could be effectively controlled and the 
ionic selectivity of the junctional channels could thus be deter- 
mined. 


Experimental approach 


The enzymatic dissociation of rat lacrimal glands® produces 
single cells as well as pairs or small clusters of still-intercon- 
nected cells’. Our experiments were performed on freshly iso- 
lated pairs of cells. Two patch-clamp systems were used to obtain 
simultaneous whole-cell, tight-seal recordings? from the two 
paired cells. The background noise of the system was minimized 
by using small cells (15-20 zm in diameter) with capacitances 
of ~10 pF and nonjunctional membrane resistances of several 
gigaohms. Figure la shows the equivalent circuit for a pair of 
cells, C, and C}. In principle, if the holding potential of C, is 
maintained perfectly constant while that of C, is stepped by 
V mV, the current change AJ, in C, will be precisely the current 
I flowing through the intercellular junction and the conductance 
of the junction would be G, = I/V. Therefore, in theory the 
presence of nonjunctional channels in C, and C, can be ignored 
as the transjunctional current is measured in C,, that is, a cell 
where the membrane potential is kept constant. In practice, 
because the access resistances r; and r, to the cells were not 
negligible, the transjunctional current and voltage differed from 
Al, and V, respectively. The following estimates of G, take into 
account the corrections (see Fig. 1 legend) imposed by the series 
resistance of the electrodes, and by the nonjunctional membrane 
resistance of C,. 

A depolarizing pulse V applied in C, evokes a noisy outward 
current AJ, (Fig. 16). This current is the sum of the current 
passing through the junction and that flowing through channels 
of the nonjunctional membrane of C,. The latter channels have 
previously been shown to be voltage- and Ca-dependent’. 
Although the holding potential of C, (V2) is maintained con- 
stant, an inward current (AJ,) is induced in this cell by the 
imposition of a transjunctional potential difference. 

The state of the electrical coupling between lacrimal cells at 
the beginning of experiments and its stability throughout the 
experiments were examined using the different solutions A~E 
of Table 1, that is, solutions containing a high K and a low Ca 
concentration at pH 7.2. The initial value of the conductance 
of the junction G, was measured 1-2 min after the second 
whole-cell recording was obtained. This delay was necessary to 
measure accurately the two series resistances. Initial values of 
G, fall in three groups. In most of the cell pairs (63% ) the initial 
G value was >30nS and the average conductance was 58+ 
25 nS (mean +s.d., n = 16). A second group of cell pairs (25%) 
showed a low initial G, value (range 1-15 nS). In the remaining 
12% of the pairs, the cells were completely uncoupled from the 
beginning, probably as a result of the dissociation procedure. 
The stability of the coupling was followed in 15 pairs of cells 
that were initially strongly coupled (first group). Six of these 
pairs became rapidly uncoupled in less than 5 min. The cause 
of this spontaneous fall in the junctional conductance is as yet 
unknown. It has been shown previously that a rise in the intracel- 
lular concentrations of Ca** ions™!? or of protons'®* could 
cause the closure of junctional channels. However, the fall in 
G, that we observed was probably not caused by a decrease in 
either pCa or pH because it also occurred in pairs of cells in 
which the Ca or proton concentrations were tightly controlled 
(solutions C and D). The other nine cell pairs remained strongly 
coupled for more than 10min; their coupling conductance 
decreased by a factor of <2 during this time, two of them even 
displaying a temporary increase in coupling conductance. 


Voltage dependence 
In contrast with some other preparations (refs 15, 16; see ref. 


17 for review), the open junction between two strongly coupled 
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Fig. 1 a, Equivalent circuit of a coupled cell pair, C, and C,; b, 
simultaneous recording of the command voltages ( V, and V2) and 
the recorded currents (J, and J,) in a pair of cells during a voltage 
jump in C,. a, I., current flowing through electrode 1, whose access 
(or series) resistance is r,. The difference between the command 
voltage V, and the effective holding potential Vi is equal to r, A. 
V» V3, h and r, are defined similarly for the second cell. To 
estimate the conductance of the junction G, V, and V, are initially 
fixed at the same holding value. In most of the experiments, the 
common holding potential was in the range of —40 to —70 mV, the 
holding currents were negligible at these potentials so that Vj and 
Vi were equal to their command value. A command voltage jump 
V applied to C, induces current changes AI, and Al, in the two 
electrodes. Therefore, the voltage jump really applied to the junc- 
tion has the amplitude V, = Vi- V= V~(r,AI,—r,Al,) where, 
as seen in b, AJ, and AJ, have opposite signs; therefore the errors 
are additive. As V} changes by r,AJ,, during the voltage jump in 
C,, a fraction of the transyunctional current J, passes through the 
membrane of C, (small arrow). If R- is the nonjunctional mem- 
brane resistance of C., and if the voltage change in C, is small 
enough not to activate voltage-dependent channels, [|= 
AI,(1+7r,/ R2). The above values of V, and J, allow one to calculate 
G,=1,/V,. b, In this example, r, = 5 MQ, r.= 12 MQ. The magni- 
tude of the voltage drop in the series resistance r, changes with 
time as AJ, is time-dependent, caused by the activation kinetics 
of the voltage- and Ca-dependent channels’. However, the time- 
dependent variation in the transjunctional voltage that is created 
by the voltage drop in the series resistance r, is <10%. This 
conclusion can be drawn from either a simple calculation (based 
on the principles outlined for a), or from the examination of the 
time course AJ,. The current flowing through the junction is equal 
to Al, as r,/R,<107?, In this experiment, the pipettes were filled 
with solution A. 

Methods. Rat lacrimal glands were dissociated as described pre- 
viously®. Briefly, the exorbital lacrimal glands were incubated 
successively in trypsin, EGTA and collagenase, submitted to a mild 
pipetting and kept at 37 °C in culture medium until the experiment, 
which was performed at room temperature in mammalian saline 
(see ionic composition in Table 1). Cells obtained by this procedure 
have input resistances of several gigaohms, that is, values 20-100 
times larger than the resistance of the junction. The micropipettes 
were filled with the solutions given in Table 1 and had resistances 
of 2-4 MQ when measured in the bath. The series resistances r, 
and r, were estimated in each cell from the parameters used to 
cancel the capacitive surge of current at the beginning of a voltage 
jump? simultaneously applied to both cells, so that no current 
flowed through the junction. The values of r, and r, (range 5- 
20 MQ.) were repeatedly checked during the experiment, and suc- 

tion was occasionally reapplied if an electrode started to clog 


Table 1 Ionic composition (mM) of the extracellular bath solution and of the 
solutions used to fill the micropipettes 


Solution KCl NaCl EGTA CaCl, pCa MgCl, HEPES pH 
Bath 5 140 0 l 3 1 5 72 
A 140 0 55 05 8 2 5 72 
B 140 0 05 0 ? 2 5 72 
C 84 0 20 2 8 2 30 72 
D 130 0 55 0.5 8 2 30 72 
E 130 0 05 0 ? 2 30 72 
H 0 140 55 0.5 8 2 5 7.2 
\* 35 0 14 0.13 8 05 5 7.2 


- * Also containing 158 mM mannitol. - 
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lacrimal cells shows no voltage dependence (Fig. 2a, circles). 
In this experiment, the transjunctional current was initially 
linearly related to the transjunctional voltage (circles). When a 
spontaneous uncoupling develops slowly and irreversibly, 
however, a voltage sensitivity of the junctional conductance 
often appears (Fig. 2a, triangles). In some cases, this voltage 
sensitivity gives rise to current relaxations during transjunctional 
voltage jumps (Fig. 2b). In contrast to the slow irreversible 
uncoupling mentioned above, these current relaxations are 
reversible, shown by the similarity between the initial current 
changes produced by two successive voltage jumps (Fig. 2b). 
Relaxations of the transjunctional current in both directions, 
corresponding to a current increase or decrease, can be observed, 
depending on the polarity of the transjunctional potential 
(Fig. 2c). 

In summary, as judged from the voltage dependence of the 
junctional conductance, the two faces of the junction are sym- 
metrical at the beginning of a recording. This is not surprising 
in view of the identical role played by the different cells in an 
acinus. However, an asymmetry often develops with time as the 
cells uncouple. It may be that the same factors are responsible 
for the voltage dependence and for the closure of the junction, 
and that in most cases these factors do not appear symmetrically 
in both cells. : 


Current through one channel 


Before the irreversible closure of the junction takes place, it is 
possible to observe the current flowing through the remaining 
open channels of the junction provided that the background 
noise of the double whole-cell recording is low enough (Fig. 3). 
Current measured in cell 2 in response to voltage jumps in cell 
1 sometimes shows no variation at all (Fig. 3a, b). As expected 
from the experimental diagram given in Fig. 1, if all the junc- 
tional channels are closed, the coupling resistance is infinite; 
thus, even a 100-mV jump in C, evokes no current at all in C. 
Sometimes a succession of staircase-type events of similar ampli- 
tude are seen during one voltage jump (Fig. 3a, b). The simplest 
interpretation is that the steps represent successive openings of 
identical channels, although the possibility that they represent 
different substates of one channel cannot be excluded. During 
other voltage jumps, non-quantal conductance changes are 
observed (Fig. 3a, b,d). Thus, the junctional conductance 
changes with time, but current amplitude histograms indicate 
clearly that preferential levels of current are reached during the 
voltage jumps (Fig. 3c). The three discrete peaks at 0, 7.2 and 
13.6 pA (Fig. 3b, c) strongly suggest the existence of quantal 
changes of conductance with a unitary conductance of 110- 
130 pS. The histograms also show that intermediate levels of 
conductance are randomly distributed between the peaks. In 
five different pairs of cells, the conductance measured from the 
smallest quantal change appearing in similar histograms was in 
the range 70-180 pS, with an average of 120 pS. We suggest that 
this is the elementary conductance of a fully open junctional 
channel. Alternatively it may correspond to the conductance of 
a group of junctional channels, in which case the true elementary 
conductance would be considerably less than 120 pS. This seems, 
however, to be incompatible with experiments (see ref. 2 for 
review) in which the permeability of intercellular junctions to 
molecules of various sizes was measured, and from which an 
elementary conductance of at least 100 pS has been predicted’. 


Kinetic peculiarities 
Junctional channels between embryonic cells seem to stay open 
for several seconds*'*. A similar situation was found for the 
junctional channels of lacrimal cells. For example, in the experi- 
ment shown in Fig. 3b, a channel that was open at the onset of 
a voltage jump was still open at the end of the pulse (0.4 s later) 
in 20 out of 25 occasions. The channel closing rate was thus of 
the order of 0.587’, which gives a channel mean open time of 
2s in this experiment. 

A more surprising feature was that several tens of milliseconds 
‘are generally necessary for a complete transition between two 
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Fig.2 Voltage dependence of the transjunctional current shown 
in three different pairs of coupled cells. a, Current I, flowing 
through a junction as a function of transjunctional potential V,, 
pipettes filled with solution A. The experimental protocol and the 
corrections are identical to those shown in Fig. 1. The initial I-V 
curve (O) gives an initial conductance G, =7.2 nS. A linear relation 
between transjunctional current and transjunctional potential has 
been observed for a range of holding potentials from —80 to 
+10mV The I-V curve (A) was obtained 9 min later, when a 
partial uncoupling had spontaneously developed. When C, was 
depolarized, G, had a value of 1.9nS (currents measured at the 
end of the voltage pulses). The uncoupling was almost total when 
C, was hyperpolarized. b, Current (J,) measured in C, in response 
to changes in command voltage in C, (V, was changed from ~40 
to +50 mV by hand, not instantaneously); the half-decay times of 
the two current changes were 37 and 23s, respectively. This 
decrease in JI, is not caused by an artefactual decrease in the 
transjunctional voltage: the current in C, (not shown) presented, 
like J,, a time-dependent decrease. Therefore the transjunctional 
voltage had slightly increased with time. Pipettes 1 and 2 were 
filled with solutions A and H, respectively. c, Current measured 
in C, in response to repetitive voltage jumps V, of + or —40 mV 
in C,; pipettes filled with solution A. In this experiment, after the 
development of a spontaneous partial uncoupling, the junctional 
conductance increased during the command voltage jumps when 
C, was hyperpolarized (shown) or when C, was depolarized (not 
shown), and decreased in the reverse situation. In b and c I 
became noisy during the V, jump. Spectral analysis of the noise 
was not possible because (see text) the underlying channels have 
several conductance levels and may not be functionally 
independent. 


quantal levels of conductance. This was observed for conduct- 
ance changes that took place during the voltage jumps. These 
conductance changes were always much slower than the current 
changes observed at both the onset and offset of the voltage 
jumps (Fig. 3d). A square change of current synchronous with 
the onset of a voltage jump indicates that a channel was probably 
open before the jump, but that its open state could not appear 
in the absence of a transjunctional potential. As expected, the 
time constant of such a current change (<1 ms) was determined 
by the low-pass filtering of the recordings, and was 1-2 orders 
of magnitude briefer than the slow transitions observed during 
the voltage jumps. To quantify these slow transitions, they were 
fitted by an exponential which was often (Fig. 3d, left), but not 
always (Fig. 3d, right), a reasonable description of the observed 
current changes. The time constant of the exponentials was 
53+48 ms (mean +s.d., n = 15) for conductance increases, and 
118+79 ms (n=15) for conductance decreases. These slow 
transitions must reflect either conformational changes or slow 
blockings and unblockings of the junctional channels. The rate 
of transition between the open and closed states of ionic channels 
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Fig. 3 Single junctional channel currents a b 
recorded in two different pairs of cells and Vy, LSU “LS Ut v, UU 
filtered at 500 Hz. a, d, Selected recordings Z a 
obtained from an almost completely uncoupled sj 
pair of cells; pipettes filled with solutions D NDE á sE 
and E. I, changes were induced by repetitive KN K le, 
voltage jumps V, of 100 mY from a holding l2 
potential of -50 mV b, Continuous record of C 


V, and J, in another almost completely uncou- d 
pled parr of cells. Holding potentials ~50 mV. v 
Depolarizing pulses V, to +10 mvV. Pipettes 
filled with solution A. c, Amplitude histogram 
derived from 29 consecutive J, current 
responses to V, voltage pulses including those = 
shown in b. Sampling frequency 500 Hz. Every 5 
digitized point is counted as one occurrence, a 
and hence the relative heights of the peaks are 

proportional to the fraction of time spent at the 


dat YA Wy He 


200 


i 


no of occurrences 





| | | 


0 


various current levels. The dotted lines in b correspond to the two dtabiinidé peaks marked by the arrows in c. d, Note the change in timescale 
and polarity of the voltage jumps between a and d. In d, the time constants of the exponential fits, which have been superimposed on the 


current traces, are 89 ms (left) and 76 ms (right). 


studied so far is always very high (for example, >10°s™* for 
the acetylcholine-activated channel'®). The actual transition rate 
from the open to the closed state should not be confused with 
the rate constant of closure of a channel, which is the inverse 
of its mean open time. The slow conformational changes that 
we have observed are thus quite unexpected for a channel 
protein. 

We could be dealing with a succession of several unresolved 
conformation changes, each very fast. The actual time course 
would be a series of small staircases and the shape of its envelope 
determined by the relative heights of the successive energy 
barriers. If the opening of the junctional channel results from 
a rearrangement of its subunits”®, this process could also be 
unusually slow. Alternatively, the slow conductance changes 
may be the result of the movements of a blocking molecule or 
particle that could even be part of the junctional channel 
itself?™??, This particle may obstruct one mouth of the channel, 
or pass through the channel, temporarily reducing its conduct- 
ance. Either way, it cannot diffuse freely in the cytoplasm 
because it would then rapidly disappear into the pipette solution. 


Concerted openings and closures 


On several occasions, the transjunctional current presented 
abrupt changes much larger than those described above. In the 
experiments illustrated in Fig. 4, a slight voltage dependence of 
the junctional conductance was perceptible; when cell 1 was 
depolarized, the conductance of the junction showed a reversible 
decrease. In addition, occasional large conductance jumps of 
=5,000 pS were seen (Fig. 4a, b). In gap junctions, junctional 
channels are densely packed and form particle aggregates. The 
large conductance changes that we have observed could be 
caused by a cooperative gating of channels in such clusters, 
leading to a more-or-less synchronous opening or closing of 
10-40 channels. 


Ionic selectivity 


All the conductance measurements described above were made 
with microelectrodes filled with intracellular solutions A-E, that 
is, with K* and Cl as the major charge carriers. To determine 
the ionic selectivity of the junction, pairs of cells were dialysed 
with solutions that differed on the two sides of the junction. In 
this asymmetrical situation and with a strongly coupled pair of 
cells both kept initially at a holding potential of —50mV, we 
could measure the reversal potential of the transjunctional cur- 
rent by simply changing the holding potential in one of the two 
cells (for example, C,) until no current flows through the junc- 
tion. In practice, this was obtained when the current provided 
by the amplifier connected to the cell C, that clamps this cell 
at —50 mV becomes zero (see Fig. 1 legend). The relative per- 
meabilities of the ions can be then estimated from the value of 
the reversal potential, using the Goldman equation, and after 
the liquid junction potentials had been measured in a separate 


experiment with a flowing KC] electrode. In a series of experi- 
ments, zero current was obtained when cell 1, which contained 
140 mM KCI (solution A), was hyperpolarized by 5.6+1.1mV 
(mean+s.d., n=4) with respect to cell 2, which was dialysed 
with a solution containing four times less KCI and 158 mM 
mannitol (solution I). This gives a permeability ratio P,/ Po = 
1.45 for junctional channels. 

In another series of experiments, with NaCl in one cell (sol- 
ution H) and KCI in the other (solution A), zero current was 
obtained when the KCl-dialysed cell was made 3+1.6mV 
(mean+s.d., n=3) more negative than the other one. Taking 
into account the above value of P,/P., this gives a ratio 
Py/ Pug = 1.23. By comparing the relative values of Pk, Px, and 
Po, (1, 0.81 and 0.69) and the relative mobilities of K*, Nat 
and Cl in water (1, 0.68 and 1.04), it appears that the difference 
between Pg and Py, can be explained qualitatively by the 
different mobilities of these ions in an aqueous channel, On the 
other hand, the slightly lower permeability of CI” relative to 
cations might be caused by fixed anionic charges in the channels 
(see refs 23, 24). Ionic channels that discriminate poorly between 
cations and anions are not common (but see refs 25, 26). In the 
case of junctional channels, the absence of selectivity was ex- 
pected, as it is known that both negatively and positively charged 
molecules can pass through the junction (see refs 1, 2). 
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Fig.4 Concerted transitions of several junctional channels in two 
cell pairs. In both cases, depolarizing voltage jumps V, of 50 mV 
were applied from a holding potential of —40 mV. a, Junctional 
conductance jumps of 1,500-1,250 pS are seen during the third 
and fourth voltage jumps. A conductance increase of ~5,000 pS 
also occurred between the second and the third voltage pulses. 
Pipettes filled with solutions A and H. b, Conductance jumps of 
~2,600 pS, pipettes filled with solutions B and A. 
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Conclusion 


The picture of the junctional channel that emerges from these 
experiments is of an unusual ionic channel. The fully open 
channel has a conductance of ~120 pS, but states of lower 
conductance (caused by partial opening or partial obstruction) 
are frequently encountered. The transitions between the open 
and closed states are surprisingly slow (several tens of milli- 
seconds). It is conceivable that during these transitions, the 
channel molecular complex spends some time in several of the 
states corresponding to the intermediate levels of conductance. 
The occasional observation of larger conductance jumps sug- 
gests that groups of channels operate with a strong internal 
cooperativity. Finally, the junctional channels discriminate 
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poorly between cations and anions, cations being slightly more 
permeable than anions. 

The double patch-clamp technique, by enabling control of 
the composition of the solutions bathing the two faces of a 
junction, appears to be well suited to the study of mechanisms 
controlling the permeability of intercellular junctions. For 
instance, our experimental approach (see also ref. 27) should 
help to elucidate the intracellular mechanisms involved in the 
modulation of cell-cell junctions by neurotransmitters?’~*?. 

We thank Drs P. Ascher, H. M. Gerschenfeld, A. Marty and 
A. Ribera for discussions. Supported by CNRS (UA 04-295; 
ATP Pharmacologie des récepteurs des neuromédiateurs), by 
the Ministére de la Recherche et de la Technologie (Aide 
83.C.0914) and by the Université Pierre et Marie Curie. 


16 Obaid, A M, Socolar,S H & Rose, B J Membrane Biol 73, 69-89 (1983) 

17 Spray, D C & Bennett, M V.L A Rew Physiol 47, 281-303 (1985) 

18 Harns, A L, Spray, D C & Bennett, M V L J gen Physiol 77, 95-117 (1981) 

19, Hamill, O P, Marty, A, Neher, E, Sakmann, B & Sigworth, F J Pflugers Arch ges 
Physio! 395, 85-100 (13981) 

20 Unwin, P N.T & Zampight, G Nature 283, 545-549 (1980) 

21 Makowski, L, Caspar, D. L D, Phillips, W C & Goodenough, D A J molec Biol, 174, 
449-481 (1984) 

22. Peracchia, C & Girsch, $ J Biophys J (in the press) 

23 Flagg-Newton, J L, Simpson, I & Loewenstein, W R Sctence 205, 404-407 (1979) 

24 Brnnk, P R & Dewey, M. M Nature 285, 101-102 (1980) 

25 Chesnoy-Marchats, D & Evans, M G J Physiol, Land 357, 64P (1984) 

26 Donng, C & Colombim, M J Membrane Biol 83, 81-86 (1985) 

27 Lasater, E M & Dowling, J E Proc natn Acad Sc: USA 82, 3025-3029 (1985) 

28 Iwatsuki, N & Petersen, O H J Physiol, Lond 274, 81-96 (1978) 

29 Piccolino, M, Neyton, J, Witkowsky, P & Gerschenfeld, H M Proc natn Acad Sei 
USA 79, 3671-3675 (1982) 

30 Teranishi, T, Negishi, K & Kato, S Nature 301, 243-246 (1983) 

31 Piccolino, M, Neyton, J and Gerschenfeld, H M J Neurosci 4, 2477-2488 (1984) 


‘LETTERS TO NATURE- 


Possible cosmological scenario with 
an unstable 17-keV neutrino 


T. Padmanabhan & M. M. Vasanthi 


Tata Institute of Fundamental Research, Homi Bhabha Road, 
Bombay 400 005, India 


Simpson’ has recently reported evidence for a heavy neutrino of 
~17.1 keV mass. Cosmological bounds on stable neutrino species 
imply that this neutrino (v4) must be unstable. The most likely 
decay mode, vy > v,f where v, is a light neutrino and f is a scalar 
boson, leads to the cosmological scenario presented here, which is 
quite different from the conventional one. In this scenario, the 
Universe becomes matter, dominated at a redshift of z~ 10’ and 
becomes radiation-dominated (by the decay product v; of vy) at 
z~ 310. The kinematic constraints on the lifetime of vy do not 
lead to any contradictions. On the other hand, the growth of 
baryonic perturbations is severely limited in this model because 
virtually no growth can take place in the radiation-dominated 
region z < 310 and decay of vy is likely to disrupt and smooth-out 
past growth by a large factor. It is doubtful whether there is a 
simple way to avoid this difficulty. 

A stable »,, with a mass of 17 keV will provide the Universe 
with ~300 times the closure density p, (for bounds on neutrino 
masses from cosmology, see refs 2,3), which is excluded by the 
observational bounds on the deceleration parameter (see ref. 
4). Among the possible decay channels available, the radiative 
channel (vy v +photons) is severely constrained by the 
photon emissivity of the Galaxy>-®, whereas the decay mode 
Vu > v Pvy has a much longer half-life than the age of the 
Universe’. A remaining possibility is the decay of vy (identified 
with muon neutrino) into v; (identified with electron neutrino) 
and a Goldstone boson f that couples weakly to a flavour- 


changing neutrino current (vy > vL +f). The lifetime (7) for such 
a decay”? is given by 


F 2 m -3 
=6.72x10 (zay) ( H ) 1 
10° Gev/ \i7 kev) ` (1) 


where F is the symmetry-breaking scale for the interaction and 
my, is the mass of ry. From the -e decay one can obtain the 
lower bound 





F ` 
F,,=|—-——_} = 0. 
1 (aay) mes (2) 


There are essentially no other constraints on F. We assume that 
v, has a mass in the range 10 eV <m, <40 eV, as suggested in 
some experiments''. Most of our results do not depend crucially 
on the value of m,. 

The cosmological scenario that follows from the above 
assumptions is easy to analyse'?"'*. At very early epochs, z > 
10'°, vy remains in equilibrium and decouples at ~z = 10!° (ref. 
9). (Helium synthesis takes place around this epoch. The effect 
of vy on helium is under investigation.) As the Universe cools, 
vu becomes non-relativistic at the redshift of z = Zupę = 10° (when 
kT = myc?) and begins to dominate the energy density (p(vy) = 
p(others)), slightly later at z= z..=5.5%10° m,, (we denote 
(m;/17 keV) as m7). The time elapsed since the big bang is 


feq = 2.97 X10°myF S% T (3) 


so that the decay of vyu is completely negligible at these epochs. 
For t.,< <7 the Universe is completely dominated by the 
non-relativistic 14. The expansion factor S(t) varies as t% 
during this epoch. For t= 7 the decay of vy becomes important. 
We take the decay to be virtually complete at t= tp when 
p(y) = p(others) again. A simple calculation gives 


ty = 10.47 (4) 
The photon temperature at the half-life time is T,(r)= 
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2.8 x10°m? F7 ?. We consider the decay to have occurred 
between t=7 and t= tp. 

In conventional scenarios, the Universe would have been 
dominated by non-relativistic matter (either baryons or massive 
light neutrinos) at T, <3,000 K. The situation here is different. 
Every vy produces a v; with an energy of ~0.5 my = 8.5 keV 
on its decay. (The f-particle which carries 0.5 my is virtually 
massless in most models.) As m, < 40 eV, the electron neutrinos 
are extremely relativistic at the time of production. Because their 
number densities are of the same order as that of photons and 
primordial v, these relativistic decay products dominate the 
energy density for t > tp. Because most of the vy decays at t= 7, 
a reasonable fraction of decay product v; will become non- 
relativistic only when the radiation temperature is lower than 


mL mL 
T=T =32K 
olz z) : (z = (5) 


Because the complete evolution of the Universe is known we 
can compute the age of the Universe to be 


ty = 4.68 X100 Fig’ m3 yr (6) 


Taking the age of the globular clusters tgc = 1.5p X10"° yr, where 
p is the ‘personal prejudice factor’ ~1, and demand ty> tec, 
we obtain the constraint 


Fyo=5.51p°?miy (7) 


A similar constraint can be obtained from the energy density 
of the decay products of vy. This energy density is given by 








AAI 
p =2.82 x107” g cm™° m;7 (=) (8) 
U 
(It is assumed that tọ = vy — decoupling epoch« 7« ty; see ref. 
9.) Demanding p = Qmp (where Qm is another prejudice factor 
expected to be ~1), we obtain (H)= 100 hy km s~! Mpc‘) 


(=) < 4,98 x10502 hóm 7 9) 
U 
which, when coupled with equations (1) and (6), produces the 
constraint 


Fio $2.45 023/43? m1? (10) 


Although these are interesting cosmological bounds on Fio, they 
do not lead to any contradiction. 

A disturbing contradiction arises, however, when we look at 
the growth of perturbations in this scenario (see ref. 16). Per- 
turbations in the non-relativistic component cannot grow much 
in a universe dominated by relativistic particles’’. Thus, the 
growth of baryonic perturbations is effectively confined to 
epochs at which T, > T,(tp), that is, T, > 590 K. On the other 
hand, baryonic perturbations can grow only after they decouple 
from radiation, that is, only during T, < Tyecombination = 3 X 10°. 
If one follows adiabatic growth, which evolves as <S(t) in the 
matter-dominated epoch, we obtain a growth factor of only ~5, 
which is totally insufficient. This argument, however, is not 
complete. Perturbations in vy can grow right from z ~ 10’. There 
is a possibility that the baryons, as soon as they decouple (at 
T ~3 x10° K) ‘fall’ into the already existing vg potential well 
and quickly attain a density contrast value of (5p/ p), = (8p/p), 
(see ref. 18). It turns out that the values are still insufficient. 

From the study of galaxy-galaxy correlation function, it is 
known that the scales which are entering the nonlinear regime 
today (Sp/p)~1 have a size L~5ho' Mpc. This length scale L 
entered the horizon in the past (in the vy-dominated era) when 
the radiation temperature was 





3c7\?/ T.\? 

T, = T(r) — T} =9.8 x10 K 11 
-r0(22)(2) an 
In the best possible situation, the growth factor obtainable (e) 

is : 
TL 
=———= 170 | 2 
€ = T(10.47) (12) 
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(In equation (12), it is assumed, unrealistically, that the density 
contrast of baryons instantaneously increases to the pre-existing 
Vy-density contrast, just after decoupling.) Thus, the perturba- 
tions when they enter the horizon must have an amplitude 


6 
(2) =e '=6x10° (13) 
P/H 


which is ~600 times higher than the usually accepted value of 
107°. Currently popular models interpret (8p/p)g to be the 
signature of quantum fluctuations that ‘went out’ of horizon at 
a primordial epoch’?’. It is difficult to imagine a scenario that 
will allow widely different (p/p) for neutrinos and baryons at 
the primordial epoch. (The baryonic part of (p/p) is severely 
constrained by observations on temperature anisotropies of 
microwave background to be <10~°.) The existence of 17-keV 
Vy; may thus undo the original benefits of a neutrino-dominated 
Universe. 

There is another problem with the dynamics. When the vg 
decays, all scales at which 


tayn? T (14) 


(where tayn is the dynamic, free-fall timescale of the particular 
condensate) will be disrupted. For galactic sizes, táyn™ 
3.15 x10!" s and r~ 10" Fi mj; s. We cannot violate equation 
(14) while maintaining the bound equation (10) on Fio. It is 
necessary to assume that only scales much smaller than galactic 
sizes survive the disruption. Stable scales (with fayn <7) will 
respond adiabatically and increase in size by a factor of f~ 
(p,,,/ Pp) ~ 10°. Still, one would expect larger clustering at small 
scales than predicted in the standard scenarios. 

We thank Professor Probir Roy for many discussions and 
Professor Narlikar for critical reading of the manuscript. 
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Radio line emission of the HCN molecule has been considered to 
be a tracer of carbon-rich circumstellar environments’. We report 
here, however, the detection of HCN radio emission from oxygen- 
rich late type stars. These results relate to the issue of the pro- 
genitors for planetary nebulae*. The presence of the HCN molecule 
in oxygen-rich stars suggests that complex photochemical reactions 
are proceeding in the outer circumstellar envelope of late type stars. 
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Table 1 OH/infrared sources with HCN emission 


Name RA (1950.0) Dec. (1950.0) T; Visr AV(FWHM) Distance 
(K) (km s~’) (km s~') (kpc) 
IK Tau (=NML Tau) 3h 50min 44s 11° 15’ 30” 0.05 32 36 0.3 
OH231.8+4.2 (= OH0739 ~ 14) 7 39 59 ~14 35 44 0.05 34 28 1.8 








~100 0 100 200 
Vi sp KM s71) 


Fig. 1 The HCN J=1-0 spectrum of IK Tau taken on 9 March 
1985 in the 1-MHz 256-channel filter bank. The hyperfine splitting 
is shown. 


We observed 14 OH/infrared sources in the J = 1-0 transition 
of HCN and detected weak HCN emission in two sources: IK 
Tau and OH 231.8 + 4.2. These observations of HCN at 88.6 GHz 
were performed at the Five College Radio Astronomy Observa- 
tory with the 14-m radio telescope in December 1981, February 
1985 and March 1985 using a cooled 3-mm receiver and 1 MHz x 
256 channel and 0.5 MHz x256 channel filter banks. The system 
temperature was ~400-600 K. The half-power beam width is 
~60 arcs at 88 GHz and the aperture efficiency is ~0.40. The 
observational results are summarized in Table 1. 

In Fig. 1, we present the HCN spectrum of IK Tau. The line 
profile seems to be parabolic, although noise and an overlap of 
hyperfine components significantly deform the original line 
shape. The absence of a flat top to the line profile is usually 
interpreted to indicate that the HCN line is optically thick in 
the expanding circumstellar envelope of IK Tau (ref.3). The 
OH, H,O and SiO maser emissions have been detected in this 
source’, and the thermal emission of the CO J = 1-0 transition 
has also been detected’. The radial velocity and the linewidth 
of the HCN emission agree well with those of the maser and 
thermal emission lines of this star. 

The bipolar reflection nebula, OH231.8+4.2, is an unusual 
OH/infrared source®. Emissions by H,O, SiO and H,S have 
been detected’~*. The HCN emission from this source was at 
first detected from the upper side band of the receiver during 
the SiO J=2-1 maser search! on 25 December 1981. Sub- 
sequent observations have shown that the emission profile agrees 
well with the SiO and H,S profiles in radial velocity and width. 
To confirm that the HCN emission is associated with the star, 
we obtained the spectrum at a position 2 arc min north of the 
source and at another position 6 arc min south-west which 
coincides with the planetary nebula NGC2438 (refs 11, 12). No 
emission above 0.03K (r.m.s.) was detected. The HCN emission 
from OH231.8+4.2 was also detected recently in independent 
observations by P. R. Jewell (personal communication). 

In. addition to the above two sources, we have detected a 
narrow HCN emission line in the direction of OH/infrared 
source OH32.8 —0.3 (T,~0.1K at Visp = 86 kms"). It does not 
agree in radial velocity with the OH 1,612-MHz double peaks 
of OH32.8—0.3 (Visp = 46 and 76 km s~')'*"*, This narrow line 
is probably not associated with the star, but with a molecular 
cloud in this direction. The narrow width (AV~4kms7') of 
the line and the presence of the background (or foreground) 


CO cloud in this direction’? (Visp~90kms~' at 1=33° and 
b = —0.4°) support this idea. 

The late type stars with mass loss rate as high as 107* Mo yr|, 
such as carbon stars, have been considered as progenitors of 
planetary nebulae. The HCN radio emission has been observed 
in the circumstellar envelope of carbon stars’. In an oxygen-rich 
environment, all carbon atoms are expected in chemical equili- 
brium consideration to be incorporated into molecular CO, so 
that negligible C-compounds other than CO should be 
present’*!’. The detection of HCN. molecules in apparently 
oxygen-rich circumstellar envelopes like IK Tau and OH231.8+ 
4.2, therefore, provides several implications. First, chemical 
reactions are proceeding in the outer circumstellar envelope due 
to the photodissociation of CO molecules. The idea that the OH 
molecules are produced in OH/infrared sources by dissociation 
of H,O caused by the interstellar ultraviolet radiation at radii 
10'° to ~ 10!” cm is generally accepted'*!°. Self-shielding would 
be important for CO molecules so that the dissociation of CO 
occurs well outside the H,O dissociation region*’. The photodis- 
sociation timescale is of the order of 10* yr, comparable to the 
expansion timescale of the circumstellar envelope. The photo- 
chemistry of this CO dissociation region is a tempting explana- 
tion for this HCN emission in oxygen-rich circumstellar 
envelopes. Another possibility is that the outer circumstellar 
envelope of these stars is carbon-rich. This hypothesis requires 
a source of carbon-rich material, which might, for example, be 
a carbon-rich star as a binary counterpart of the OH/infrared 
source. The carbon-rich material may surround the OH/infrared 
source in the form of a disk. However, broad linewidths of the 
HCN emission in IK Tau and 0H231.8+4.2 suggest that the 
HCN molecules exist in the same region as the oxygen-rich 
outflowing envelope, which questions this interpretation. 

The other implication of the detection of HCN in OH/infrared 
source is in relation to the origin of the 3.08-um band at near 
infrared wavelengths. In oxygen-rich stars, this band has been 
interpreted as caused by the absorption by water-ice grains”. 
Because the same band is present in infrared spectra of carbon 
stars?’, it is suspected that the 3.08-um band in OH231.8+4.2 
(ref. 23) is due to the vibrational band of polyatomic molecules, 
that is, the v, band of HCN or the v, band of C,H, (ref. 24). 
The 3.08-um band is also found in the infrared spectrum of 
OH32.8—0.3 (ref. 25). Our detection of the HCN molecule in 
these stars implies that the molecular band hypothesis for the 
origin of 3.08-um band cannot be excluded simply because of 
the oxygen richness of these stars. A detailed comparison of the 
observational band shape with a laboratory spectrum must be 
made. Note that HCN emission was detected”® in the direction 
of HD29647 where the 3.08-m band was also observed’. Here 
the phenomenon is presumably of interstellar origin. 

We thank W. D. Watson for reading the manuscript and 
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Impact cratering on the Earth over the past 600 Myr has been 
partly sporadic, partly episodic. The episodic component is suspec- 
ted to have been cyclical, with a mean period of ~32 Myr (refs 
1, 2). According to a theory proposed to explain this phenomenon’, 
gravitational encounters between the Solar System and interstellar 
clouds of intermediate to large size occasionally disturb the outer 
Solar System comets, with the consequence that some of these 
comets fall into the inner regions of the system, where a few hit 
the Earth. Because the episodes of impact cratering, however, are 
not precisely periodic'”, the galactic mechanism must be in part 
stochastic. The irregular part can be attributed to the randomness 
in the local space distribution of the interstellar clouds (and various 
other perturbing galactic objects*). The periodic component prob- 
ably arises from the harmonic oscillation of the Sun about the 
galactic plane, since the large-scale space density of the interstellar 
clouds and other objects falls off with increasing distance from 
the plane. A new study of the observational evidence is presented 
here. Contrary to a claim by Thaddeus and Chanan’, the vertical 
scale height of the clouds seems to be sufficiently small and the 
Sun’s vertical trajectory sufficiently large for the modulating effect 
of the Sun’s galactovertical motion to be detectable in the terres- 
trial record of impact cratering with at least a 50% a priori 
probability. 

The Sun’s past oscillations perpendicular to the galactic plane 
have probably always been confined within |z|<300 pc, and so 
they have probably closely followed simple harmonic motion®. 
The present vertical amplitude, z,,,,, can be determined from 
the Sun’s present height, zo, its present velocity, Zo, and the 
half-period of oscillation, P,,;2, by means of the relation 


Zmax = (z6 + P172 Zan)? (1) 


The half-period (that is, the time elapsed between successive 

crossings of the galactic plane) follows from Poisson’s equation 
6 

as 


Pix = (7/4Gpo) (2) 


where pọ is the local mass density in the galactic plane and G 
is the gravitational constant. 

The Sun’s height above the Galaxy’s mean plane is usually 
taken to be 29 =8+12 pe from H 1 observations’®. Molecular 
cloud observations confirm that zo ~ 0 (ref. 9), but the observed 
distribution of young stars and star clusters puts the Sun at 
Zo = 20-30 pc (refs 7, 10, 11). The exact value of Zo is not critical 
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Table 1 Solar velocity (km s™!) perpendicular to the galactic plane 
with respect to loca] interstellar material and young stars 


Interstellar material Young stars 


Objects Zo Ref. Objects Zo Ref. 
H 1 clouds 71 15 OB stars 6.3" 23 
8.5 16 69 24 
8.8 17 Ta 225 
9.4 18 73* 26 
11.2 19 13° 12 
12.1% 20 7.7 27 
7.8 28 
91 22 
Ca II clouds 8.2 21 
9.3 22 
Classical 
Cepheids 6.4 29 
Molecular clouds 11.4* 12 7.3 30 
_ 82 31 
smana 100 32 
~~ 11.4 33 
Gas and dust 9.6 Stars (mean) 79 
(mean) 


Solar motion solutions were based on observed radial velocities for 
the interstellar material and on observed radial velocities and proper 
motions for the young stars. 

* An average of published solutions has been taken For the O and 
B stars, only solutions for stars with distances r<1.3 kpe have been 
used tn forming the averages 


because the Sun moves through this region very quickly, so 
Zq=10+10 pc will be adopted. 

Zo 1s probably indistinguishable from the z component of 
the Sun’s motion with respect to the local standard of rest (LSR). 
The LSR is most accurately determined from velocity observa- 
tions of the local gas, dust and young stars, because these objects 
suffer relatively little selection bias in surveys, while they possess 
a strong concentration towards the galactic plane, have low 
random velocities with little or no systematic drift motion per- 
pendicular to the galactic plane (either observationally’* or 
theoretically'"*), and contribute a significant fraction of the 
local mass density*. Recently published values of Zo are listed 
in Table 1 (refs 12, 15-33). The apparent difference of 1.7 km 
s7! between the mean values of Zo for young stars and diffuse 
matter probably has no significance because the ranges of Zo 
within the two groups of objects are very similar. All 22 values 
listed in Table 1 yield (Z)=8.6+1kms~' (estimated mean 
error). This exceeds by a moderate amount the commonly quoted 
estimates of 6-8 kms‘ (refs 8, 34, 35) which, although heavily 
weighted (40-100%) by young stars and diffuse matter, are 
based on data >25 yr old. 

The vertical concentration of objects in the flat galactic subsys- 
tem can be determined by measuring their mean absolute height 
(|z), r.m.s. height (z”)/*, exponential scale height £, or gaussian 
dispersion o, where 8 and o are defined by 


N(z) = No exp (—|z|/B) (3) 
and 


N(z) = No exp (~z°/20°) (4) 


An exact exponential distribution will have 6 =(|z|) and 
(z*)'/?/(\2/)= 141, whereas an exact gaussian distribution will 
have ø =(z7)'/? and (2)'/*/(|z|) = 1.25. The gaussian half-width 
at half-maximum is 2,;2= 1.180. 

Table 2 contains empirically determined values of (|z), (z”)'/?, 
B and o, adopted from 14 recently published studies for the 
solar neighbourhood*?7°*, All values that depended on kine- 
matical distances obtained by the method of circular galactic 
rotation have been adjusted to fit a best-estimate solar galac- 
tocentric radius of Ry = 8.5+0.5 kpc (refs 47, 48). Of necessity, 
classical Cepheids and H1 clouds have been omitted from 
consideration because they exhibit a wider dispersion than do 
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Table 2 Characteristic galactic heights (pc) of local interstellar 
material and young stars 





Object (lz) (23 B o Ref. 
H 11 regions 62 84 —- — 36 
— 85* — ae 37 
Molecular clouds i = — —  42* 38 
— >§3* — — 39 
— — — 54* 9 
— —— — 61* 5 
OB stars ~— ame — 45 40 
ae | 
50 a — mmm 42 
50 74 46 48 10 
‘A iG. a o AG 
54 —_ — -— 44 
57 82 — — 36 
Young star clusters 47 65 — _ 36 
S o o e 
— 75 — mam 46 
63 79 68 61 10 
Gas and dust (mean) (62) $4 — 52 
Stars (mean) 53 75 57 5i 


* Scaled to a solar galactocentric radius of Ry = 8.5 pc. 


the other objects. Since the young stars show B/(|z|) = 57/53 = 
1.08 and (z”)'/7/(|z|) = 75/53 = 1.42, an exponential distribution 
characterizes them very well. In the case of molecular clouds, 
values for g alone have been published. However, as molecular 
clouds and young stars have formally nearly the same values of 
g, it is reasonable to assume that both classes of objects (which 
are also genetically related) follow the same exponential distri- 
bution, at least in the solar neighbourhood where distances are 
well determined. 

Potential sources of observational bias for the various objects 
used include: heavy interstellar obscuration (of the stars) near 
the galactic plane, accidental errors in the distances, and warping 
of the galactic plane. These effects tend to widen the apparent 
vertical distribution of the objects. Estimates of the actual 
amount of bias, however, have shown that it is very small?”°; 
the zero point error in the distances is probably also small*®, A 
statistically corrected value of B =50+5 pc will therefore be 
adopted. i 

P,;2 can be determined from equation (2) through a knowl- 
edge of po. Direct counts of stars, gas and dust yield py= 
0.10-0.11 Mo pe? (refs 49, 50). Dynamical analyses of stellar 
motions perpendicular to the galactic plane have produced 
best-estimate values covering the range 0.075-0.235 Mo pe? 
(14 values are listed by Krisciunas’ and seven values come 
from other sources*”*”°?-*°), The mean of all 21 dynamically 
determined values is 0.145+0.01 Mo pc”. However, the latest 
dynamical studies by Bahcall®° have produced a modern series 
of allowed values covering the range 0.10-0.35 Mo pc?" his 
best estimate being 0.185 +0.02 Mo pce °. I shall therefore adopt 
0.18+0.04 Mo pe *. This corresponds to P,,2=31+3 Myr and 
implies that almost half of the local matter is invisible. 

Using the above results for zo, Zo and P,,/2, equation (1) 
yields Zmax = 88+ 13 pe. Consequently, z,,,,/8 must be 1.8+0.3, 
which is not significantly different from Rampino and Stothers’s’ 
assumed value of 1.6. 

The Sun’s orbital revolution around the galactic centre prob- 
ably has had little direct effect on z,,,,/8. At present, the Sun 
lies very near the pericentre of its orbit, unless encounters with 
the most massive interstellar clouds and the Galaxy’s spiral arms 
have significantly deflected its ballistic trajectory. If the LSR is 
taken to be also the local rotational standard of rest, the Sun 
passed the apocentre at R~1.14 Ro (ref. 57). If, however, the 
LSR is moving outwards from the centre of the Galaxy at ~7 km 
s`! (refs 58-61), the Sun’s true orbit would be more nearly 
circular. Over short radial distances beyond the solar circle, 8 
increases as R!’ according to published data compiled for OB 
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stars, young star clusters and H 11 regions’®, but as R°° according 
to published molecular cloud data”. Since po decreases outward 
as R~***, in typical models of the Galaxy that reproduce the 
observed surface-brightness distributions and rotation curves of 
galaxies that are morphologically similar to our Galaxy?~®, 
P,,. probably increases outwards as R**'. Azimuthal variations 
in po (refs 9, 39, 66, 67) and secular changes in B over the past 
10° yr (ref. 68) appear to be small near the solar circle. Therefore, 
the part of z,,,,/8 that is independent of Zo probably increases 
by <~ 15% between the pericentre and apocentre of the Sun’s 
orbit. As P,;2 over the same range of distance probably increases 
by 0-30%, the time average of P,;2 must have been close to 
3343 Myr. 

The Sun’s average z velocity during the past 600 Myr is usually 
assumed to be constant. Note, however, that a close encounter 
of the Sun with a giant molecular cloud, although expected to 
be a very rare occurrence’, could have significantly deflected 
the Sun’s ballistic trajectory. The Sun’s present r.m.s. z velocity 
averaged over a vertical orbit is 8.6/V2=6.1 kms~', which lies 
well below the ensemble mean for other solar-type stars, 
~20 km s™! (ref. 71). A value of 20 km s™? would produce Zmax 
~300 pc and Zmax/ B ~6. However, I shall adopt in the following 
calculations Zmax/ 8 = 1.8, as derived above for the unperturbed 
Sun. 

Under the simplest assumptions, the rate at which the Sun 
encounters known as well as unknown objects belonging to the 
Galaxy’s flat component will be proportional to fo, the -mass 
fraction of all flat-component material at z = 0 (ref. 4). Observa- 
tions suggest that fo may be as low as 0.17 (and possibly even 
lower) or as high as 0.75. The largest known contributor to fo 
is interstellar clouds”. An improved assumption in this situ- 
ation is obviously to set the rate of encounters proportional to 
the relative perturbing influence of interstellar clouds (compared 
with other galactic objects) on the Sun’s halo of comets. 
However, an ‘effective’ fraction f of this kind is much harder 
to estimate than fo, although obviously f> fo, since the partial 
breakdown of the impulse approximation for a close encounter 
between an interstellar cloud and the Sun’s cometary system 
implies an enhanced gravitational perturbation”™?-74, 

The rate of solar encounters with interstellar clouds will also 
depend on the relative velocity of the encounter. The component 
of the Sun’s peculiar velocity that lies ın the direction parallel 
to the galactic plane is ~20 km s~}, and so the Sun’s peculiar 
velocity is expected to change over a vertical orbit by only 
~10%, an amount which can be neglected. Therefore, the rate 
r, of solar encounters with objects having a scale height 8, and 
an effective fractional mass density in the plane f, can be taken 
to be” 


r, = Cf, exp [ — (Zmax/B,) sin (ar )] (5) 


where, @ = t/P,;2 and C is the constant part of the encounter 
cross-section. Over a vertical orbit, the fraction of encounters 
that occur in the phase interval ¢,-¢2 is then 


b, i 
n/N=). ot d¢/) j r, dọ (6) 
t I I 

For simplicity, a two-component galactic model will be adopted, 
consisting of a flat component with fi =f and B,= 8, and a 
dispersed component with f = 1—f and B, > z,,,,- In the follow- 
ing calculations, a fixed phase interval ¢,=0.25 to ¢,=0.75 
will be used, corresponding to the half of the Sun’s time that is 
spent farthest from the galactic plane. Figure 1 shows the numeri- 
cal results for different values of f and z,,,,/B. 

Unless f is rather large, the expected proportion of encounters 
far from the galactic plane will not differ significantly from 0.5. 
Terrestrial evidence suggests that ~20 important encounters 
have occurred during the past 600 Myr (ref. 2). With Zmax/ B =1.8 
and f~1, an average of 6 encounters out of a total of 20 are 
expected to have occurred when the Sun was farthest from the 
galactic plane. On the basis of the binomial distribution, the 
probability of obtaining n/N <0.3 as the outcome of N = 20 
Bernoulli trials with individual success probability p=0.5 is 
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Fig. 1 Expected fraction of the encounters that occur when the 
Sun is farthest from the galactic plane This fraction, n/ N,1s shown 
separately for the galactic parameters f and z,,,,,/B. 


P=0.06. This suggests that f probably has to exceed f, for the 
galactic model to be viable. 

To test this hypothesis in a way that also reduces the many 
assignable parameters to one, the quantity n/N will be specified. 
This simplification will not significantly bias the statistical out- 
come of a large number of Monte-Carlo simulations of the 
galactic effect if the number of simulations is great enough (tests 
show that this number must be >20). In each simulation, a 
pseudo-random time series containing N times drawn at random 
from a time interval t=0 to t=T will be generated with the 
constraint that n times randomly occupy a broken subseries 
consisting of alternate sections of length P,,2/2 while N —n 
times randomly occupy the subseries that ıs complementary to 
the first. The complete time series will be formally searched for 
significant periods in the same way that was used for the 
observed time series, by computing a power spectrum for a 
range of trial periods and then picking out the highest spectral 
peaks’. In effect, the theoretical problem has been reduced to 
specifying the three dimensionless quantities n/N, N and 
T/P,;2, the last being the total number of assumed underlying 
cycles. In what follows, an explicit value of P,;2=33 Myr, with 
trial periods of 16-100 Myr, will be adopted. Two typical cases, 
N = 10 for t=0-297 Myr and N = 20 for t = 0-594 Myr, will be 
considered, while, for each assigned value of n/N, 40 Monte- 
’ Carlo simulations will be made. 

Figure 2 shows the results, presented in terms of the percentage 
of the synthesized spectra at each value of n/N that display 
the highest peak, or one of the two highest peaks, or one of the 
three highest peaks at a period of P=33+3 Myr. Spectra that 
have already been generated for the observed time series of 
impact craters (and also of geological tectonic phenomena that 
might be related to impacts) indicate that a significant period 
of 33+3 Myr usually shows up as the first or second highest 
peak”. Among the synthetic spectra with the observationally 
favoured value of n/N =0.3, a signal this strong appears in 
50% of the spectra for N =20 (The a posterior: probability of 
detection, of course, can be much higher*.) Tests with periodic 
time series show that dephasing of a cycle by artificially introduc- 
ing noise (corresponding to, say, a deflecting encounter of the 
Sun with a giant molecular cloud) makes only a few per cent 
difference in the derived best period and best value of the most 
recent epoch; even several abrupt phase shifts can be safely 
tolerated. 

In an independent investigation of the galactic model, Thad- 
deus and Chanan? applied standard Fourier analysis to many 
comparable pseudo-random time series. They adopted a 
gaussian z distribution for the flat component (molecular 
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Fig. 2 Percentage of the synthetic power spectra that show one 
of the three highest peaks at a period of 33+3 Myr. @, Highest 
peak alone; O, the first or second highest peak; x, case of the 
first, second or third highest peak The parameter n/N is the 
fraction of the encounters that occur when the Sun is farthest from 
the galactic plane A small dip ın the derived percentages between 
n/N=0.4 and 0.5 is due to a random statistical fluctuation. a, 
N = 10; 1= 0-297 Myr. b, N = 20; t = 0-594 Myr. 


clouds) and used Zmax/ Ziı72 = 72/85 = 0.85, thus obtaining a sig- 
nal-to-noise ratio of 0.45 for N=9. Their adopted value of 
Z1/2 = 85 pe was based on Rọ = 10 kpe (making z,,2 too large by 
15%) and was weighted heavily by a flare of molecular material 
out of the galactic plane in the Carina spiral arm. This flare is 
seen also in OB stars, which, outside the flare and close to the 
solar circle, show (|z|)=38 pc (ref. 75), corresponding to only 
Z1/2 = 56 pc if a gaussian distribution is assumed. Thaddeus and 
Chanan also adopted Zmax = 72 pc, which was based on a value 
of Zo=7.4kms"' (refs 8, 35, 76) derived from data now over 
25 yr old. By taking averages of more recent data obtained by 
many different authors and thus reducing the effect of accidental 
errors, the present analysis of the observational material suggests 
that Zmax/ Z172 = 88/60 = 1.5. This yields a signal-to-noise ratio 
of 1.5 for N = 20, according to supplementary calculations pre- 


sented by Thaddeus and Chanan”. Although this may still not 


be detectable with their method, the method that I have used 
above is demonstrably successful. 

The present method of statistical analysis suggests that a 
galactic signal is potentially detectable (with a 50% a priori 
probability for detection) in the 600-Myr terrestrial time series 
if the basic model is accepted as now formulated and the 
following conditions are met: First, pọ must equal ~0.2 Mo pe~? 
to explain the ~32-Myr terrestrial periodicity. This value of po 
accords with the best astronomical evidence and implies that 
about half of the matter in the galactic disk near the solar circle 
is unseen. Second, the Solar System’s vertical orbit must reach 
far enough above and below the galactic plane to outdistance 
most of the matter that is most significantly perturbing the Sun’s 
halo of comets. A value of z,,,,/8 =1.8 appears observationally 
likely. Third, the main perturbing objects as well as the dominant 
contributors to the mass in the galactic disk (which may not be 
the same objects) must more or less uniformly populate both 
the spiral arms and the inter-arm regions to ensure a stable 
periodicity as the Sun orbits the galactic centre. (Some density 
enhancement of the perturbing matter in the major spiral arms, 
however, is possibte and may explain the observed ~260-Myr 
terrestrial periodicity.) Finally, the ‘effective’ gravitational mass 
density of the main perturbing objects must exceed their formal 
spatial mass density in comparison with objects in the dispersed 
component. Interstellar clouds with intermediate to large masses 
are likely to be the most important perturbers. It is, therefore, 
reasonable to conclude that the proposed! galactic model of 
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terrestrial catastrophism is still viable and can be observationally 
and theoretically tested in various ways. 

I thank M. R Rampino and A. A. Stark for helpful communi- 
cations. 
Note added in proof: Bahcall and Bahcall”’ recently studied the 
Sun’s z motion in the framework of a more sophisticated galactic 
model. They confirmed the approximate validity of the harmonic 
oscillator model adopted here and by Thaddeus and Chanan’. 
For their applications, however, they used values of Zo that are 
smaller than the best estimate derived here. 


Received 22 February, accepted 25 July 1985 
1 Rampino,M R & Stothers, R B Nature 308, 709-712 (1984) 
2 Rampino, M R & Stothers, R B Scrence 226, 1427-1431 (1984) 
3 Weissman, P R Nature 314, 517-518 (1985) 
4 Stothers, R B Nature 311, 17 (1984) 
5 Thaddeus, P & Chanan, G A Nature 314, 73-75 (1985) 
6 Ogorodnikov, K F Dynamucs of Stellar Systems (Pergamon, Oxford, 1965) 
7 Blaauw,A,Gum,C S, Pawsey,J L & Westerhout, G Mon Not R astr Soc. 121, 123-131 
(1960) 
8 Allen, C W Astrophysical Quantities (Athlone, London, 1973) 
9 Sanders, D B, Solomon, P M & Scoville, N Z Astrophys J 276, 182-203 (1984) 
10 Stothers, R & Frogel, J A Astir J 79, 456-471 (1974) 
11 Stenhoim, B Asir Astrophys 39, 307-318 (1975) 
12 Frogel,J A & Stothers, R Astr J 82, 890-901 (1977). 
13 Tubbs, A D Astrophys J 239, 882-892 (1980) 
14 Soukup, J E & Yuan, C Astrophys J 256, 376-385 (1981) 
15 Mast, J] W & Goldstemn, S J Astrophys J 159, 319-324 (1970) 
16 Crovister, |} Asir Astrophys 70, 43-50 (1978) 
17 Venugopal, Y R & Shuter, W L H Astr J 72, 534-535 (1967) 
18 Belfort, P & Crovisier, J Astr Astrophys 136, 368-370 (1984) 
19 Takakubo, K Bull astr Inst Neth 19, 125~159 (1967) 
20 Henderson, A P Astr J 78, 381-386 (1973) 
21 Blaauw, A Bull astr Inst Neth 11, 459-474 (1952} 
22 Petne,R M Mon Not R astr Soc 128, 245-248 (1964) 
23 Tstoumis, A & Fricke, W Asir Astrophys 75, 1-6 (1979) 
24 Karimova, D K & Pavlovskaya, E D Sovet Astr 20, 280-283 (1976) 
25 Jung, J Astr Astrophys 4, 53-69 (1970) 
26 Fricke, W & Tsioumus, A Astr Astrophys 42, 449-455 (1975) 
27 Palouš, J Bull astr Inst Czech 34, 286-302 (1983) 
28 Balakirev, A N Soviet Astr 22, 404-406 (1978) 
29 Jung, J Astr Astraphys 6, 130-137 (1970) 
30 Takase, B Asir J 68, 80-81 (1963) 
31 Clube, S Y M. & Dawe,J A Mon Net R astr Soc 190, 391-610 (1980) 
32 Wielen, R Asir Astrophys Suppl 15, 1-33 (1974) 
33 Crézé, M Asir Astrophys 9, 410-419 (1970) 
34 van de Hulst, H C, Muller, C A & Oort,J H Bull astr Inst Neth 12, 117-149 (1954) 
35 Delhaye, J m Galactic Structure (eds Blaauw, A & Schmidt, M )} 61-84 (University of 
Chicago, 1965) 
36 Guibert, J, Lequeux, J & Viallefond, F Astr Astrophys 68, 1-15 (1978) 
37 Fich, M & Blitz, L Astrophys J 279, 125-135 (1984) 
38 Cohen, R S, Tomasevich,G R & Thaddeus, P in The Large-Scale Characteristics of the 
Galaxy (ed Burton, W B ) 53-56 (Reidel, Dordrecht, 1979) 
39 Stark, A A in Kinematics, Dynanucs and Structure of the Milky Way (ed Shuter, 
W L H) 127~133 (Reidel, Dordrecht, 1983) 
40 Borzov, G. G Sovet Astr 14, 988-991 (1971) 
41 Garmany, C D, Conti, P S & Chiosi, C Astrophys J 263, 777-790 (1982) 
42 Blaauw, A in Galactic Structure (eds Blaauw, A & Schmidt, M } 435-453 (University of 
Chicago, 1965) 
43 Cruz-Gonzdlez, C , Recillas-Cruz, E , Costero, R , Permbert, M & Torres-Permbert, S Rev 
Mex Asir Astrafis 1, 211-259 (1974) 
44 Lynds, B T Asir J 85, 1046-1052 (1980) 
45 Becker, W Z Astrophys 57, 117-134 (1963) 
46 Janes, K & Adler, D Astrophys J Suppl 49, 425-446 (1982) 
47 de Vaucouleurs, G Nature 299, 303-307 (1982) 
48 Stothers,R B Astrophys J 274, 20-30 (1983) 
49 Hill, G, Hilditch, R W & Barnes, J V Mon Not R astr Soc 186, 813-830 (1979) 
50 Bahcall,J N Astrophys J 276, 169-181 (1984), 287, 926-944 (1984) 
51 Krisciunas, K Asir J 82, 195-197 (1977) 
52 Eggen, O J Publ astr Soc Pamf 81, 741-753 (1969) 
53 Wnght,R R Bull Am astr Soc 5, 333 (1973) 
54 Jéeveer,M Tartu astr Obs Teat 46, 18-34 (1974) 
55 Balakirev, A N Soviet Astr 20, 64-66 (1976) 
56 Whitley, R Asir Astrophys 59, 329-335 (1977) 
57 Innanen, K A, Patrick, A T & Duley, W W Astrophys Space Sci 87, 511-515 (1978) 
58 Kerr, F J Mon Nor R astr Soc. 123, 326-345 (1962) 
59 Upgren, A R Astr J 83, 626-635 (1978) 
60 Shuter,W L H Mon Not R asir Soc 199, 109-113 (1982) 
61 Yuan, C in Kinematics, Dynamics and Structure of the Milky Way (ed Shuter, W L H) 
47-52 (Reidel, Dordrecht, 1983) 
62 Clutton-Brock, M , Innanen, K A & Papp, K A Astrophys Space Ser 47, 299-314 (1977) 
63 Bahceall,J N & Sonera, R M Astrophys J Supp! 44, 73-110 (1980) 
64 Caldwell, J A R & Ostriker, J P Astrophys J 251, 61-87 (1981) 
65 Rohlfs, K & Kreitschmann, J Astrophys Space Sct. 79, 289-319 (1981) 
66 Schweizer, F Astrophys. J Suppl 31, 313-332 (1976) 
67 Strom,S E, Jensen, E B & Strom, K M Astrophys J Lett 206, L11~-L14 (1976) 
68 Lyngå, G Asir Astrophys 109, 213-222 (1982) 
69 Clube,S Y M & Napier, W M Q JiR astr Soc 23, 45-66 (1982) 
70 Baley, M E Mon Nor R. astr Soc. 204, 603-633 (1983) 
71 Wielen, R Asir Astrophys 60, 263-275 (1977) 
72 Biermann, L m Astronomical Papers Dedicated to Bengt Stromgren (eds Reiz, A & Andersen, 
T ) 327-337 (Copenhagen Observatory, 1978) 
73 Napier, W M & Stantucha, M Mon Not R astr Soc, 198, 723-735 (1982) 
74 Torbett, M V, Smoluchowsk:, R & Borne, K Bull Am astr Soc 16, 923 (1984) 
75 Graham, J A Astr J 75, 703-717 (1970) 
76 Mrhalas, D & Binney, J Galacne Astronomy Structure and Kinematics, 396-401 (Freeman, 
San Francisco, 1981) j 
77 Bahcali, J N & Bahcall, S Nature 316, 706-708 (1985) 


LEMTERSTONATUE ————— 


Concordant 3,676 Myr U—Pb formation — 
age for the Kodaikanal iron meteorite 


C. Gopel, G. Manhés & C. J. Allègre 


Laboratoire de Géochimie et Cosmochime, Institut de Physique du 
Globe de Paris et Département des Sciences de la Terre, Universités 
de Paris VI et VII, 4, Place Jussieu, 75230 Paris Cedex 05, France 


The Kodaikanal iron meteorite contains evidence of intensive 
chemical activity which, according to Rb-Sr studies', occurred 
~800 Myr after the formation of the Solar System. Here we report 
the results of U-Pb isotope analyses on a silicate inclusion from 
Kodaikanal. Leaching experiments on the two major phases, 
clinopyroxene (CPX) and alkali-rich glass, indicate a contamina- 
tion by terrestrial Pb attributable to previous curatorial cutting 
of this iron meteorite. The leached minerals define concordant 
U-Pb ages that validate the precise Pb—Pb age of 3,676+3 Myr. 
These data are consistant with Rb-Sr age determinations’. The 
absence of initial Pb indicates a fast cooling of the silicate material. 
This has already been established for the metal phase, and a 
collisional origin for Kodaikanal is favoured. 

Kodaikanal is the first iron meteorite with silicate inclusions 
in which K-feldspar was observed’. Rb-Sr isotope analyses of 
these inclusions show that different mineral fractions and separ- 
ate inclusions are highly enriched in alkalis and that they lie on 
one isochron, defining an age of 3,800100 Myr (Ag, = 1.39 x 
1071! yr") with an initial ®’Sr/®°Sr ratio of 0.71 +0.02 (ref. 1). 
This study revealed that the observed age is not simply the result 
of reheating and reworking of material which had been originally 
formed at 4,500 Myr, but that it represents silicate formation by 
chemical differentiation from a reservoir with a much lower 
(possibly chondritic) Rb/Sr ratio. This study pointed out the 
occurrence of intensive chemical activity in/on a small planetary 
body at a time far beyond the early formation of solid objects 
in the Solar System Two alternative energy sources which 
support this late chemical process were proposed: thermal 
energy stored in a planetary body of 200-500 km radius or kinetic 
energy dissipated as heat during a collision at 3,800 Myr. Rare 
gas studies indicate a K-Ar age of 3,500+100 Myr for two 
silicate inclusions and an exposure age for the Kodaikanal 
meteorite of 10-20 Myr (ref. 5), which is rather short compared 
with other iron meteorites. Chemical and mineralogical studies’ 
specify the formation of the Kodaikanal material as a mixture 
of silicates and metal which formed independently. The high 
degree of chemical and mineralogical fractionation of the 
inclusions seems to contradict a core origin® but could be 
explained in a model where differentiated stony material is taken 
up by an iron melt which was produced in the near crustal 
portion of a parent body. This mixing event includes: (1) 
equilibration of the silicates at high temperature and low press- 
ure; (2) fast dispersion of the silicates in the metal phase, which 
is melted or highly plastic, (3) rapid chilling of the mixture; 
and (4) subsequent intense deformation. This favours a col- 
lisional origin for the Kodaikanal meteorite. 

The purpose of our U-Pb study of Kodaikanal was to evaluate 
the usefulness of this method for dating silicate inclusions of 
iron meteorites and to help establish the chemical signature of 
the 3,800-Myr event. 

We restricted our study to a single inclusion given the large 
number of preliminary analyses which are necessary during 
sample preparation. The inclusion originates from Kodaikanal 
sclice number 1159 from the Paris Natural History Museum (P2 
in ref. 6). ‘ 

The inclusion, which was visible at the surface, was extracted 
with a tungsten carbide chisel. The two major phases, 
clinopyroxene (20 vol. %) and alkali-rich glass (80 vol. %) were 
separated with tweezers under a binocular microscope. To evalu- 
ate and to eliminate Pb contamination, the clinopyroxene frac- 
tion CPX (7.6 mg) and the glass fraction which was divided in 
two aliquots, GL1 (11.0mg) and GL2 (6.6 mg) were leached 
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Table 1 Pb isotope compositions and Pb-U contents determined in the leachates and in the leached mineral phases 
238 206 207 208 207 208 
U Pb Pb Pb Pb Pb 
Pb Blank U  Biank re = —— =——- —— —— 
(p.p.b.)  (p.p.b.) 204 204 pp 204ph 204 206Ph 206Ph pla, B) pla, y) 
Leachates of CPX (7.6 mg) 
l1 864 0.3 1.18 11 0.085£+13 17.91+22 15.662 18 37.78+44 0.87445 2.109+ 10 0.906 0.926 
wi 1,776 — 219 — 0.078 17.7+4 15.7+4 37.441 0.889 2.117 
Leachates of GL1 (11.0 mg) š 
ll 424 0.4 471 0.2 0.7146 18.3542 15.70+2 38.57 +6 0.855544 2.1014415 0 927 0917 
wl 725 — 7.20 — 0 83 18.242 1572 37.443 0.861 2.105 
Leachates of GL2 (6.6 mg) 
(1-3) 496 0.7 421 0.4 0.5341 17 78 2:7 15.4845 38.28+12 08712 2.15446 0.563 0.683 
wi 1,147 — 9.21 — 0.51 18.242 15.642 38.442 0.857 2.111 
CPX (5.8 mg) 
a 198 24 0.53 22 1.68+19 18.50 + 24 15.924 19 37.91444 0.86144 2.049 +7 0.928 0.967 
b 245 0 0.64 0 1.65+5 18.38+19 15.86 15 37.87+35 0.86343 2.061 +6 0.928 0,968 
c 1,796 — 2.72 — 01 17.7 15.7 37.4 0.888 2.116 
GL1 (9.9 mg) 
a 166 8 89.5 01 1719+1.5 15000277 60.97+31 157.12484 0.4065+4 1.047 +9 0.985 0.989 
b 169 0 89.6 QO 158.82+1.3  139.81+70 57.47429 147.91429 0411144 1.057+8 0985 0.989 
c 891 — 967 — 10.5 25.6 ' 18.2 45.0 0712 1.759 
GL2 (5.5 mg) 
a 138 2.48 89.9 0.1 993424 779415 276745.2 71214 0.3553 +6 0.9141+ 13 0.997 0 997 
b 152 Q 90.0 0  285.6+2.3 236.5242 90.64476 2334+42.0 0.383224 0 9784+10 0.992 0.993 
c 1,285 99.2 = 5.4 22.0 16.9 418 0.768 1.899 


The sample was leached for 2 min under ultrasonics with 0.2 cm? reagent at room temperature. In the case of CPX and GL1, 0.5 M HBr was 
used for the first 22 steps and 2M HBr for the last 24 steps; in the case of GL2, H,O was used for the first 53 steps and 0.5 M HBr for the last 92 


steps. The leachate was isolated from the sample and spiked with a 


205 


Pb-**U tracer, either individually or after regrouping 3-20 successive 


leachates After a series of leachings the samples were rinsed with water and stored in a closed beaker U and Pb were isolated following the 


procedure described in refs 11, 14. Lines 11 refer to the first leachate, 


lines wl to all the leachates which were recalculated from the individual 


measurements. The values are corrected for experimental effects: (1), mass discrimination (0.1 +0 03% per atomic mass unit); (2) spike contribution; 
(3) procedural blank, 15-30 107'* g Pb and 0.1 x107"? g U. The analysis of the leached minerals was carried out following ref. 14. It includes, 
after spiking with a 7°°Pb-?°7U tracer, sample dissolution with an HF-HCIO, mixture, isolation of U and Pb by 10n exchange resin, thermoionization 
of Pb and U with silicagel Because of the only small amounts available, Pb isotope compositions and U-Pb isotopic dilution data were measured 
on a secondary electron multiplier. Lines a indicate values corrected for experimental effects: mass discrimination, 0.1 +0.03% per atomic mass 
unit, spike contribution, analytical contamination. The measured blanks were 25 x107'? g Pb, 0.66 <107** g U when analysing GLi and CPX and 
75x10-'2g Pb and 0.45x107'* , U when analysing GL2. The measured isotopic composition of the blank was: *°°Pb/“"Pb = 17.85+0.13, 
207 Dh /24 Pb = 15.58 +0 12, 27°8Pb/7 Pb = 37 67 + 0.28. The blank contribution is expressed in per cent of the ratio (blank/sample corrected for blank) 
relative to 7°*Pb and 3U. Lines b indicate the data uncorrected for analytical blank, lines ¢ indicate the recalculated values corresponding to the 
unleached samples. For all data, the 20 error concerns the last significant digits. The last two columns indicate the correlation factor (p) between 


isotope ratios, 7°°Pb/?°*Pb = a, 7°’ Pb/** Pb = B, 78 Pb/? Pb = y. 


with dilute HBr until the amount of common Pb extracted during 
this procedure dropped to the analytical blank level, 15-30 x 
107'* g Pb (for details see Table 1). The leaching procedure for 
the second glass aliquot GL2 was carried out after the analyses 
of the clinopyroxene and glass fraction GLi and involved many 
more leaching steps (145 steps instead of 46). 

The Pb isotope compositions and the amounts of Pb and U 
measured in the leachates are summarized in Table 1. For all 
three mineral fractions the first leaching step extracts several 
nanograms of Pb with an isotope composition plotting in the 
field of common terrestrial Pb, which includes most of the major 
ore deposits and industrial pollutants”'°. The succeeding leach- 
ing steps extract decreasing amounts of Pb with a slightly less 
radiogenic composition but which still lies in the field of terres- 
trial contaminants. The total amounts of Pb extracted are 13.5 ng 
for CPX, 8 ng for GL1 and 7.6 ng for GL2, which correspond 
to Pb contents of 1.8, 0.7 and 1.1 p.p.m. (parts per 10°), respec- 
tively. The leaching procedure also extracts U in small and 
decreasing quantities, with totals of 0.017 ng for CPX, 0.079 ng 
for GL1, 0.061 ng for GL2, corresponding to U contents of 2.2, 
7.2 and 9.2 p.p.b. (parts per 10°), respectively. 

The measured Pb isotope compositions and Pb-U contents 
of the leached mineral phases finally dissolved are listed in 
Table 1 and the linear regressions of the U-Pb data are summar- 
ized in Table 2. The leached CPX contains 20 p.p.b. of Pb with 
a terrestrial Pb isotope composition slightly more radiogenic 
than that of its first leachate (7°’Pb/7*Pb = 18.5, 7°’ Pb/?™ Pb = 
15.9, 7°°Pb/?Pb = 37.9). In contrast the Pb isotope composi- 
tions determined in the two glass fractions are highly radiogenic: 
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Fig. 1 Pb isotope compositions of the leached minerals In a, the 
leached minerals plot on a line corresponding to an age of 3,676 + 
3 Myr. In b, the observed alignment defines a 7*°Th/7*8U of 3.4, 
taking the Pb-Pb age into account. The uncertainty of the data is 
smaller than the size of the symbols The dashed line represents 
the 4,550-Myr closed system evolution for material which has 
included primordial Pb (PL) and a 7?Th/**U ratio of 3 6. Insets 
magnify the nonradiogenic parts of the two diagrams. Pb extracted 
during the leaching procedure and the J component defined from 
the U-Pb data (Table 2) plot in the field of terrestrial Pb which 
includes most of the major ore deposits and industrial poll- 
utants’!° W, The nonradiogenic Pb component that would be 
observed had the U-Pb reequilibration during 2 Myr in the silicate 
inclusion been effective 3,676 Myr ago, it differs from the measured 
compositions of the CPX leachates and CPX dissolution, 
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Table 2 U-Pb systematics of the leached minerals 
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| Plot Y=at+bXxX Age (Myr) 
X = "S Ph/ 7" Ph a=9.54+9 pia, b)= —0.77 3,676 + 3 
Y = °°’ pp/?>4 pp b = 0.343046 yg = 0.81 
*q=956+4) pla, b) = —0.86 3,67523 
| *h = 0.3427 £7 Xeeg = Lll 
X= U7 pp a=17.21412 pla, b)=~0.16 3,680 + 23 
Y =” pp 74 Ph b = 0.7699 +62 Kreg = 0.93 
*a@=17.10220 pla, b)= ~0.21 3684:22 
*b = 0.7709 +61 Xieg = 0.71 
X =78y/pp a=15.49+419 pla,b)=~0,33 3,677 +9 
Y = 7)’ pp /?4pp b = 36,39 £ 33 Xa = 0.71 
*a=15.42+15 pla, 6) = —0.36, 3,678 49 
*b = 36.43 + 32 Xea = 0.64 
X= eae 704 Db a@=2252+20 pla,b)=~0.61 Th/ U = 3.43 
Y =" pp/?* pp b = 0.8904 + 14 Kreg = 15 
*a=2211t19 pla, b)=—0.80 Th/U = 
*h = 0.89144 14 Xaa = 18 





The 20 error applies to the last significant digit. The Xea Values (1o error) are 
near l except in the plot of 208 bb /°* Db versus Pb/*"*Ppb. The latter scatter most 
likely reflects slightly different Th/ U ratios for: CPX, GLI and GL2. The regressions 
define the non-radiogenic Pb component 7 : °° pb/ 204 Dy = 17.2 +0. 3,70 Pb? Pb = 
13.540.2. In the second part of the centre column, p is the correlation factor 
between a and b. 

* Regressions calculated with data that are not corrected for analytical blank. 


°°Pb/?* Pb = 140 for GL1 and 237 for GL2. Because of the 
small amount of “Pb present in the sample the values corrected 
for analytical contamination are significantly higher: 
>°6Pb/?°*Pbh = 150 for GLI and 778 for GL2. In the plot of 
°° Pb /?* Pb versus *°’Pb/**Pb (Fig. 1), these three analyses lie 
ona line corresponding to a Pb- Pb age of 3,676 +3 Myr. Because 
of the radiogenic composition measured in the glass, this value 
is insensitive to the uncertainty of the analytical blank correction 
(Table 2). 

The U concentration in the leached CPX is low, 0.5 p.p.b., 
whereas the glass shows a much higher concentration of 90 p.p. b. 
Thus, the *°U/*"Pb ratio of the CPX is low (1.7) compared 
with that of the glass (172 for GL1 and 993 for GL2). In the 
plots of *°°Pb/?*Pb versus °*U/?"Pb (Fig. 2) and 2°’ Pb/*Pb 
versus ~°U/?"*Pb, these data lie on lines corresponding to ages 
of 3,680 + 23 Myr and 3,679 + 5 Myr, respectively. The Pb isotope 
composition defined by the y-interc ept (1) of these lines (Table 
2) is °°Pb/? Pb = 17.2 + 0.3, 7°’ Pb/?*Pb = 15.5 + 0.2; it plots in 
the field of industrial contaminants (Fig. 1). 

The isotope composition of Pb extracted during the leaching 
procedure from the clinopyroxene and glass reveals a major 
contamination of this inclusion by terrestrial Pb. If the glass 
had not been leached at all, it would exhibit much less radiogenic 
Pb: *°°Pb/** Pb = 25.6 instead of 150 for GL1 and ~22.0 instead 
of 236 for GL2 (Table 1). We attribute this contamination to 
cutting of the iron slice in the presence of liquid—an effect we 
have discussed previously'’. Moreover, the terrestrial isotope 
composition defined by the Y intercepts of the U-Pb alignments 
shows that the nonradiogenic component associated with the 

°*Pb measured in the leached samples is a residue of this 
contamination. Thus two points are clear. First, the observed 
Pb-Pb and U-Pb alignments are not isochrons sensu stricto, but 
mixing lines between an in situ formed radiogenic Pb component 
and an inherited nonradiogenic terrestrial Pb component. 
Nevertheless, the slopes of these lines have chronological sig- 
nificance and the concordant ages indicate the closure of the 
U-Pb system at 3,680 Myr and validate the precise Pb-Pb age. 
Second, the silicate inclusion does not contain any ‘initial Pb’. 

The leaching procedure successfully eliminates most of the 
contaminating Pb. The 46 leaching steps extract 96% of the Pb 
introduced in GLI and 99.2% of that in cpx. The more extensive 
leaching of GL2 leads to a 99.7% decontamination. This decon- 
tamination does not disturb the U-Pb system of the glass phase 
- as indicated by the concordant U-Pb ages. However, the leach- 
Ing procedure dissolves the U and the Th rich withlockite phase 

which is easily soluble in acid medium’. This is indicated by 
the extraction of U during the first leaching steps. 
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Fig. 2 U-Pb evolution diagram. The leached minerals (circles) ~~ 
lie on a line which defines an age of 3,680%23 Myr and the. 0 
nonradiogenic Pb component 7: °°°Pb/**Pb=17.220.3. The ooo 
uncertainty of the data is smaller than the size of the symbols. For... | 
comparison the dashed line indicates the 4,550 Myr isochron issued 
from primordial Pb.(PL). Inset magnifies the nonradiogenic part | 
of the diagram. Recalculated unleached minerals (triangles), Table = 
1, plot near, however, on the left side of the line defined by the ~*~ 
leached minerals, which may indicate a multiple Pb contamination 

of this inclusion. 


The U-Pb age defined by the leached phases agrees essentially = 
with: the Rb-Sr age of 3,730 + 100 Myr (ref. 1) when recalculated. 
with *’Rb=1.42x107'' yr"! and the K-Ar age of 3,5004 
100 Myr (ref. 4); but the U-Pb system defines the age with a 
factor of 50 better precision. 

A complete U-Th-Pb fractionation is associated with the 
3,676-Myr event. This.is shown by the lack of initial Pb in the 
inclusion and particularly by the loss of the radiogenic Pb | 
produced between 4,550 and 3,676 Myr. This fractionation was — 
followed by a fast cooling of the silicate inclusion which can 
be estimated as follows. The radiogenic Pb, which is produced 
in the inclusion when internal U-Pb reequilibration is effective, 
must now appear as initial Pb in the CPX; at 3,676 Myr, the 
production rate of this Pb (AS -[U}-dT) is 1:04« o 
107" mol Myr ' g”! of glass for the °°°Pb and 1.03x10°" mol 
Myr 'g`' of glass for the radiogenic 207 Pb, Taking the ratio of - 
glass to CPX in the inclusion into account (= 4), Pb produced 
during internal reequilibration in 2 Myr would appear in the. 
leached CPX in addition to residual contaminant Pb and the 
resultant non-radiogenic Pb component should be 
"Pb /?*Pb = 17.8, °°’ Pb/*™* Pb = 16.1. This composition lies out- 
side the field of terrestrial-contaminating Pb and outside the 
trend which is defined by the leached Pb (Fig. 1). Considering 
a minimum temperature interval of 200° (800-600 °C) for the -< 
internal reequilibration of Pb, this calculation defines a. cooling. __ 
rate of at least 100°Myr™'. This lower limit agrees with that 
defined for the metal phase*'?. On the whole, the Pb loss and 
the instantaneous cooling at 3,676Myr supports a high- 
temperature injection of the silicates into the metal phase. 
and the isolation and quenching. of this mixture in a small- 
object. : 

It is difficult to ascertain the origin of the relatively high U 
and Th contents of the total inclusion, of about 80 p.p.b. U and 
300 p.p.b. Th. The U and Th enrichment relative to that of 
chondritic material (~7) is comparable with that for Sr, 3-5 
(ref. 1). This enrichment may have occurred during the early — 
history of the source material or may be the result of the 3, 676 z 
Myr event. Pa 

The fast cooling of Kodaikanal implies that the Rb-Sr- ir 
U-Pb systems were simultaneously closed, 3,676 Myr ago 
confirms that the initial *’Sr/*°Sr ratio of the inclusio 
terizes the Rb/Sr ratio of their source. A more pre 
nation of the Rb/Sr systematics could allow 
the meteoritic parent body material and evaluat 
ment between the decay constant values of | is 
(ref. 13). S a 

We thank P: Pellas: for the sample, J. L. Birck, B. Dupré and 

















= ETTERS TONATURE 


U. Scharer for comments on the manuscript, and S. Richardson 
for improving the English. IPG contribution no. 843. 


Received 21 January; accepted 75 July 1985. 


|. Burnett, D. S. & Wasserburg, G. J. Earth planet. Sci. Let, 2, 137-147 (1967) 

2. Berwerth, F. Tscher. Mineral, Petrogr. Mitt, 25, 179-197 (1906) 

3. Olsen, E. & Mueller, R. F. Nature 201, 596-597 (1964), 

4, Bogard, D. D., Burnett, D. S., Eberhardt, P, & Wasserburg, G. J. Earth planet. Sei. Len. 3, 


273-283 (1968) 
5. Bogard, D. D., Burnett, D. S. & Wasserburg, G. J. Earth. planet. Sci. Lett. $, 273-281 (1969). 
6. Bence, A. E. & Burnett, D. $. Geochim. cosmochim. Acta 33, 387-407 (1969). 
7. Bunch, T. E. Keil, K. & Olsen, E. Contr. Miner. Petrol, 25, 297-340 (1970). 
$. Wasserburg, G. J., Sanz, H. G. & Bence, A. E. Science 161, 684-687 (1968) 


9. Abranches, M. C. B., Arden, J. W. & Gale, N. H. Earth, planer. Sci. Lett. 46, 311-322 (1968). 
10. Unrwh, D. M. Earth. planet, Sei. Len. 46, 75-94 (1982). 

1. Gopel. C., Manhès, G. & Allègre, C. J. Geochim. cosmovhim. Acta (in the press) 

12. Goldstein, J. 1. & Short, J. M. Geochim, cosmochim. Acta 31, 1733-1770 (1967). 

13. Minster, J. F., Birck, J. L. & Allègre, C. J. Nature 300, 414-416 (1982) 

14, Manhès, G., Allègre. C. J. & Provost, A. Geochim. cosmochim. Acta 48, 2247-2264 (1984) 





Microaggregates of non-noble metals and 
bimetallic alloys prepared 
by radiation-induced reduction 


J. L. Marignier*, J. Belloni*, M. O. Delcourt* 
& J. P. Chevalier? 


* Laboratoire de Physico-Chimie des Rayonnements, Associé au 
CNRS, Université de Paris-Sud, 91405 Orsay, France 

t Centre d'Etudes de Chimie Métallurgique, CNRS, 

15 rue G. Urbain, 94400 Vitry, France 


The high specific area of metallic microaggregates, together with 
their ability to transfer electrons more readily than the correspond- 
ing bulk metals'*, makes this highly dispersed state of matter 
important in fields such as catalysis, photography and nucleation 
studies. But the successful preparation of very small microaggre- 
gates by radiation-induced reduction of metallic ions has only been 
reported for noble metals'*. We describe here the extension of 
the method both to non-noble metals such as Co, Ni, Zn or Pb, 
where the strong reactivity of the separate metal atoms and native 
clusters must be overcome, and to bimetallic particles (such as 
Cu,}Pd) which exhibit perfectly ordered structures’. Both kinds 
of aggregates have many potential applications, the foremost being 
in catalysis. 

Apart from the noble metals, metals with negative redox 
potentials like TI (refs 10-12) or Cd (ref. 13) have also been 
prepared radiolytically as sols which are highly reactive in air 
and thus could not be investigated by electron microscopy’. 
Using conditions which ensure optimized yields of noble 
metals", TI (ref. 11) or Cd (ref. 13), we have failed to produce 
microaggregates of other metals, even among the less readily 
oxidizable ones, such as Ni or Co. Instead, large amounts of 
molecular hydrogen were produced. The efficiency of the reduc- 
tion reaction of metal ions M with valency m+ by solvated 
electron (e,) cannot be questioned, since most of the rate 
constants are quite high'*'> (reactions (1) to (3)). 





HO mewwore 62, Hi0*, R ORO (1) 
e- +M™"*—> Mi") (2) 

es +M*——> M° (3) 

Ae MG Mic Mi (4) 


In reaction (4), n is a number of aggregation of a few units and 
M.es is the aggregate in the final stable state. But reverse oxida- 
tion reactions which inhibit the overall reduction process may 
occur at any stage. Oxidation of transient lower valency states 
of the metal, by either H,O* (the counter ion of e, ), or radiolytic 
radicals such as OH’ or even H’ atoms has been demonstrated'®"” 
in several cases. Finally, the zero valency state, which results 
from multi-electron transfer (or from dismutation of intermedi- 
ate valency states) can also undergo oxidation. Even noble 
metals, such as Ag or Cu, in the form of isolated atoms M° or 
of M,, during the initial stages of aggregate nucleation and 


an 
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Fig. 1 Low-magnification TEM bright-field image of Ni micro- 
aggregates obtained by y irradiation (dose rate 0.88 Gy s`") of 
NiSO, 2x10°mol 1`™' in de-aerated water containing 
(CH,),CHOH 0.2 mol 17" and PVA 0.2 mol !~'. The clumps consist 
of several small crystals. Scale bar, 5,000 Å. 


growth, react? with the medium to produce molecular hydrogen, 
with a corresponding loss of metal (reaction (5)). 


M,, + H0*—>M,„-ı +M*+1/2H;:+ H,O (5) 


Thus, the development of zero valency aggregates is the result 
of a competition between this reverse oxidation (reaction (5)) 
and further aggregation which progressively stabilizes the native 
metal with respect to its environment (reaction (4)). It is on the 
basis of this reasoning that we have studied the role of various 
factors thought to displace the balance of these competing 
mechanisms towards nucleation and growth”. 

Experience shows that a successful preparation of non-noble 
metal microaggregates needs to combine some of the following 
procedures (which may be limited by metal and/or hydroxide 
flocculation). (1) Prevent reoxidation processes; this can be 
achieved through alkalinization of the medium (which lowers 
not only H,O”* but also H’ concentration insofar as the latter 
may result from an e; + H,0O* reaction) and addition of an OH’ 
scavenger (either formate ions or an alcohol like isopropanol, 
or polyvinylalcohol (PVA)). When both these conditions are 
used for noble metals, the radiolytic reduction yield G is 
markedly improved. (2) Induce the aggregation process (if 
necessary) by adding before irradiation some noble metal such 
as Pd or Pt (prepared beforehand or in situ), in any proportion 
from a few per cent upwards. (3) Increase the metal-ion con- 
centration to improve G and favour aggregation. (4) Limit the 
size of aggregates with the aid of a surfactant (if colloidal 
solutions are wanted) or a support. PVA combines the properties 
of a surfactant and of an OH’ scavenger. 

The sols thus obtained are stable for several months and do 
not flocculate, but they fade immediately when brought into 
contact with oxygen. In the case of Ni and Co, both are ferromag- 
netic and can be separated using a magnet (the sol can be 
restored by ultrasonic agitation after removal of the magnet). 
Once separated, the dried particles can be kept in air provided 
no water is present. 

From the many successful experiments, we shall describe two 
in greater detail; these are related first to pure Ni, then to a 
Cu-Pd alloy. In both cases, the dose rate of the “’Co source 
was 2 x10™° eV cm™° h™', that is, 0.88 Gy s~". All chemicals were 
pure-grade reagents from Merck (isopropanol, CuSO, and 
NaOH used for pH adjustment), Prolabo (NiSO,), La Compa- 
gnie des Métaux Précieux (PdCl,) and Aldrich (PVA 86000). 
Specimens for transmission electron microscopy (TEM) are 
prepared by diluting the sol to reduce the amount of PVA down 
to 2x107? mol I”' and then drying a droplet onto a carbon- 
coated grid in an inert atmosphere. 
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Fig.2 a, [334] f.c.c. electron 
diffraction pattern of a particle 
produced from a y-irradiated 
solution of Cu and Pd salts 
(Cu**/Pd** =10/1). Arrowed 
superlattice reflections are vis- 
ible at (110) and (110). 6, Dark- 
field image of the correspond- 
ing single crystal aggregate. 
Scale bar, 200 A. c, Model for 
Li, superlattice of Cu, f Pd. 


@Pd oOcCu 


Pure nickel: A solution of NiSO, 2 x 107° mol 1”! in de-aerated 
water containing isopropanol 0.2 mol 1™' and PVA 0.2 mol 1~' 
(base monomer) has been irradiated at natural pH = 6.8 up to 
205 kGy (20.5 Mrad). Chemical analysis was carried out under 
nitrogen in a glove-box, by reduction of nitro-blue tetrazolium 
chloride into monoformazan kept in solution due to PVA and 
measured by optical absorption. The radiolytic yield, 0.03 Ni 
atoms per 100 eV, is much lower than for Pt (ref. 6). (Other 
conditions can be found which lead to much higher values of 
Ni yield, but so far at most 50% Ni** has been reduced to 
metallic Ni (J.B.,J.P.C.,M.O.D. and J.L.M., in preparation). The 
subcolloidal solution is brown and highly reactive towards 
air, but the dried particles can be kept in air without further 
oxidation as shown by electron diffraction. Figure 1 is a TEM 
micrograph showing the distribution of polycrystalline clumps 
of size ranging from ~100 to 200 A. The clumps appear to be 
embedded in an amorphous substance which may be polymer, 
but which remains to be identified. Electron diffraction shows 
Debye rings which can be indexed as Ni. f.c.c. structure (face- 
centred cubic). Small-angle rings are also observed but it has 
proved impossible to classify these as oxide, hydroxide or sul- 
phate. Higher-magnification dark-field images show that the 
clumps are made up of several crystal grains of 50-100 A in 
size, which appear to have twin relation’. 

Cu-Pd alloy: A de-aerated solution containing CuSO, 10 
mol 1~', PdCl, 10°* mol I~', isopropanol 0.56 mol |~' and PVA 
0.1 mol 1~', pH 10.2 has been irradiated up to 8 kGy. The colloid 
has a dark green colour (while a pure Cu sol is pink). TEM 
observations show a very inhomogeneous distribution of particle 
sizes (ranging from a few hundred A to ~1 yum) and structures. 
Figure 2a is an electron diffraction pattern from a large single 
crystal aggregate, imaged in Fig. 2b, which can be indexed as 
the [334] orientation of the f.c.c. reciprocal lattice. Moreover, 
clear superlattice reflections (arrowed) are visible at (110) and 
(110). This corresponds to the Ll, superlattice (Fig. 2c) of 
stoichiometric Cu,Pd. We have also obtained diffraction patterns 
Suggesting a b.c.c. structure (body-centred cubic) and superlat- 
tice as well as unknown f.c.c. superlattice; in all cases these 
clearly imply ordered atomic arrangements. Note that when the 
initial Cu**/Pd** ratio is 1 instead of 10 the CuPd superlattice 
has been observed. 

In proper conditions, radiation-induced reduction can pro- 
duce a wide variety of highly divided metallic materials either 
pure or alloyed. Extensive applications of these materials are 
likely to be found, as well as new alloy phases and structures. 

We thank J. Amblard for valuable discussions and Mrs M. 
Minana for technical assistance. This work was supported under 
the auspices of CNRS, contract ATP 2045. 


} 








LETTERSTONATURE -H 


Received 4 March; accepted 17 July 1985 


l. Haissinsky, M. in Radiation Chemistry (eds Dobo, J. & Hedvig, P.) 1353-1365 (Akademiai 
Kiado, Budapest, 1972) 

2. Delcourt, M. O. & Belloni, J. Radiochem. radioanalvi. Lett. 13, 329-338 (1973) 

3. Henglein, A. Ber. Bunsenges. phys. Chem, 81, 556-561 (1977) 

4. Henglein, A. & Tausch-Treml, R. J. Colloid Interface 80, 84-93 (1981) 

S. Fujita, H., Isawa, M. & Yamazaki, H. Nature 196, 666-667 (1962) 

6. Belloni, J.. Delcourt, M.O. & Leclere, C. Noun, J. Chim. 6, 507-509 (1982) 

7. Delcourt, M. O., Belloni, J., Marignier, J. L. Mory, C. & Colliex, C. Radiat: Phys. Chem 
23, 485-487 (1983) 

8. Delcourt, M. O., Keghouche, N. & Belloni, J. Noun. J. Chim. 7, 131-136 (1983) 

9. Belloni-Cofler, J., Marigner, J. L., Delcourt-Euverte, M. O. & Miftana-Lourseau, M. CNRS 
French Patent, 84.09196 (13 June 1984) 

10. Henglein, A. J. phys. Chem, 83, 2858-2862 (1979) 

11. Butler, J. & Henglein, A. Radiat, phys. Chem, 15, 603-612 (1980) 

12. Buxton, G. V., Rhodes, T. & Sellers, R. M. JCS Faraday Trans. |. 78, 3341-3356 (1982). 

13. Henglein. A. Ber. Bunsenges. phys. Chem. 84, 253-259 (1980) 

14. Anbar, M.. Bambeneck, M. & Ross, A. B. Nat. Stand Ref Data Ser., Nat. Bur. Stand. 43 
(1973) 

15. Ross, A. B. Nat. Stand. Ref. Data Ser., Nat. Bur. Stand. 43, Suppl. (1975) 

lé. Kelm, M., Lilie, J., Henglein, A. & Janata, E. J. phys. Chem, 78, 882-887 (1974) 

17. Freiberg, M. & Meyerstein, D. JCS Faraday Trans, 1 73, 622-631 (1977) 

18 Marks, L. D. & Smith, D. J. J. Microse. 130, 249-261 (1983) 





Franciscan Complex Calera limestones: 
accreted remnants of 
Farallon Plate oceanic plateaus 


John A. Tarduno*, Michael McWilliams*, 
Michel G. Debiche*, William V. Sliter? 

& M. C. Blake Jri 

* Department of Geophysics, Stanford University, Stanford, 


California 94305, USA 
* US Geological Survey, Menlo Park, California 94025, USA 





The Calera Limestone, part of the Franciscan Complex of northern 
California, may have formed in a palaeoenvironment similar to 
Hess and Shatsky Rises of the present north-west Pacific’. We 
report here new palaeomagnetic results, palaeontological data and 
recent plate-motion models that reinforce this assertion. The 
Calera Limestone may have formed on Farallon Plate plateaus, 
north of the Pacific-Farallon spreading centre as a counterpart 
to Hess or Shatsky Rises. In one model’, the plateaus were formed 
by hotspots close to the Farallon—Pacific ridge axis. On accretion 
to North America, plateau dissection in the late Cretaceous to 
Eocene (50-70 Myr) could explain the occurrence of large volumes 
of pillow basalt and exotic blocks of limestone in the Franciscan 
Complex. Partial subduction of the plateaus could have con- 
tributed to Laramide (70-40 Myr) compressional events’. 

The Aptian to Coniacian (115-88 Myr) Calera Limestone 
occurs in coastal California as a belt of blocks in the Permanente 
Terrane* (Fig. 1). In addition to the limestone, the terrane 
contains pillow basalt, radiolarian chert of lower Cretaceous 
(Valanginian) age and continentally-derived greywackes and 
shale. The limestone is dominantly pelagic, but rare shallow- 
water oolitic and bioclastic rocks are also found’. Pelagic lime- 
stone is interbedded locally with pillow lava, tuffaceous breccia, 
and volcanic sandstone. 

The Calera Limestone has two facies, one a light grey lime- 
stone interbedded with replacement chert, the other a 
bituminous black facies. The black facies is lithologically similar 
to mid-Cretaceous anoxic zones seen on Manihiki Plateau, Hess 
Rise and Shatsky Rise. This observation led Jenkyns' to infer 
a common depositional environment for the Franciscan and 
oceanic rocks, and to assign a provisional Cenomanian age to 
the anoxic part of the Calera Limestone. Together with Pacific 
plate reconstructions, results from the Deep Sea Drilling Project 
(DSDP) have led to suggestions that Hess and Shatsky Rises 
(on the Pacific Plate) had Farallon Plate counterparts, because 
the crust underlying Hess and Shatsky Rises is the same age as 
the basement of the respective plateaus’. 

Henderson et al.” suggested that Hess and Shatsky Rises were 
formed by hotspot activity coincident with the Farallon-Pacific 
spreading ridge. By analogy with present ridge-coincident hot- 
spots such as the Iceland hotspot which formed paired plateaus, 







it is possible that ‘mirror images’ of Hess and Shatsky Rises 
formed on the Farallon Plate. The Calera Limestone might then 
represent obducted slices of carbonate caps deposited on the 


and Pacifica Quarries (Fig. 1) allow models of the origin of the 

- Calera Limestone to be tested. At Permanente Quarry several 

<> Jarge limestone sections are repeated by a complex series of 

faults. At Pacifica Quarry, a continuous 75-m section is exposed 

in a single block. A black shale horizon is present midway 

through the section, below which bituminous limestone is inter- 
bedded with thin tuffaceous horizons. 

The light-grey facies of the Calera Limestone at these quarries 
dated by planktonic foraminifera as “at least Albian to 
Turonian’’”’, is now known to extend to the Aptian. Foraminifera 
from the same sections suggest bathyal depths (200-1,500 m), 
similar to Hess and Shatsky Rises. Genera present include 
Osangularia, Gyroidinoides, Gavelinella, Dorothia and Gaudry- 
ina, Sponge spicules, agglutinated foraminifera, and fish debris 
‘which would characterize abyssal depths are absent’. At both 
quarries, evidence of shallow water debris is found in the older 
bituminous limestones. Nearby outcrops of Calera Limestone 
at Baldy Ryan Canyon near New Almaden also contain oolitic 
and bioclastic limestone of Albian age, indicating shallow water 
deposition’. 

A comparison of stratigraphic columns from Shatsky and 
Hess Rises, the mid-Pacific Mountains (DSDP Legs 32 and 62 
respectively)”'° and the Calera Limestone reveals a similar 
stratigraphical progression from shallow to mid-bathyal depths. 
The oldest part of the Calera Limestone, dated by foraminifera 
from Pacifica and Permanente Quarries, is of Aptian age 
(115 Myr). By extrapolating sedimentation rates measured 
above the black shale marker horizon in Pacifica Quarry, we 
infer that the anoxic sediments below the horizon denote the 

- Barremian-Aptian anoxic zone. As these outcrops probably 
predate the oldest recovered sediments from Hess Rise (early 
Albian to late Aptian), it is likely that Pacifica and Permanente 
Quarry are coeval with Shatsky Rise. The stratigraphy of Site 
463 from the mid-Pacific Mountains is most similar to that of 
the Calera Limestone quarries. A distinctive sequence of Aptian 
carbonaceous limestone interbedded with tuffs is found at Site 

-> 463 and in the Calera Limestone, but is absent in DSDP sites 
<>: from Hess and Shatsky Rises. 

Samples were taken at Permanente Quarry by Courtillot et 
al." for palaeomagnetic investigation. In that study, a positive 
‘mega-conglomerate’ suggested that the magnetizations predate 
block tilting (the palaeomagnetic inclinations are in significantly 
better agreement after correction to the palaeohorizontal). New 
palaeomagnetic results from Permanente Quarry which confirm 
this interpretation are reported below. The age of the sections 
sampled falls within the Cretaceous normal polarity superchron. 
: Therefore, with facing directions provided by foraminiferal dat- 
ing, a unique determination of palaeolatitude can be established, 
assuming that the magnetizations were acquired shortly after 
deposition. 

..... Thermal and alternating field demagnetization experiments 
reveal stable magnetizations with blocking temperatures of 500- 
580°C, and median destructive fields of 30-40 mT. Magnetiz- 
ations from 30 palaeontologically-dated samples suggest 7° of 
poleward translation over the depositional interval of 105- 
90 Myr (Fig. 2). Palaeolatitudes range from ~18°N at 105 Myr 
to 25°N at 90 Myr. The palaeolatitude change implies plate 
speeds of at least of 5cmyr™', in accord with estimates of 
- Farallon Plate motion. 


Using these new palaeomagnetic data, northern Pacific Basin 
42-13 










(Fig. 2). Our preferred model involves the following sequence: 
(1) Deposition of the Calera Limestone on the Farallon Plate 
from 105 to 90 Myr between 18° and 25° N. 
(2) Accretion to North America at 63 Myr. 
(3) Northward translation relative to North America, driven by 
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Fig. 1 Location map showing sample localities and regional rela- 
tions between the Permanente Terrane, other Franciscan terranes, 
the Great Valley sequence, and the Salinian terrane. 
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Fig.2 A terrane model for the Calera Limestone palaeomagnetic 
data using the plate motion models of Engebretson et al.'*-'? and 
methods of Debiche et al.'* +5 The northern option for the initiation 
of Kula/ Farallon spreading has been chosen. Palaeolatitude versus 
age is shown for 30 palaeontologically dated palaeomagnetic cores 
(small circles) of Calera Limestone from Permanente Quarry. Scat- 
ter in the data probably represents in situ slumping. The computed 
terrane model and the present location of the Calera Limestone 
on North America are also shown. From 106 to 63 Myr, the Calera 
Limestone rides on the Farallon Plate converging with North 
America. At 63 Myr, accretion to North America takes place. From 
63 to 10 Myr, the Limestone is driven tangentially along a small 
circle representing the palaeo-Californian margin with 50% of 
the coast-parallel Farallon Plate velocity. Pacific Plate motion 
from 10 Myr to present takes up the final amount of northwards 
displacement. 


oblique subductions of the Farallon Plate from 63 to 10 Myr. 
(4) Transfer to the Pacific Plate from 10 Myr to the present, 
after development of the San Andreas transform system. 

The palaeopositions of Hess and Shatsky Rises during the 
known interval of Calera Limestone deposition can be found 
by reconstructing the Pacific Plate (Fig. 3). If the location of 
the Farallon-Pacific ridge is accurate, and if spreading is sym- 
metrical, the symmetry between the Calera Limestone and 
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Fig.3 Oceanic plate reconstruction in fixed North America coor- 
dinates is shown for 92 Myr. The small circles represent latitude 
about a 92 Myr North American pole (solid diamond) interpolated 
from ref. 18. Tick marks represent the present latitude and longitude 
coordinates, and the present coastline of Eurasia is shown for 
reference. Open symbols represent present-day locations while the 
filled squares represent positions at 92 Myr. Hess and Shatsky Rise 
are reconstructed back to 92 Myr on the Pacific Plate. The black 
circles represent 5-Myr increments. The computed terrane trajec- 
tory is shown by solid triangles. The stippled region represents the 
palaeomagnetic constraints for 92 Myr based on a 6-Myr averaging 
window. This model predicts the crust on which the Calera Lime- 
stone was deposited formed during chron M21 (153-154 Myr)”. 
Assuming an accurate location of the Farallon-Pacific ridge and 
symmetrical spreading, this reconstruction suggests that the Calera 
Limestone originated on a Farallon Plate analogue of Shatsky Ruse. 


Shatsky Rise astride the Pacific-Farallon ridge suggests that the 
plateau carrying the Calera Limestone formed as a mirror image 
of Shatsky Rise. 

This overview, together with palaeontological and palaeomag- 
netic information, suggests a model for the evolution of the 
Permanente Terrane as a whole. In Kimmeridgian to Albian 
times (154-105 Myr), topographic highs (a seamount province) 
were formed on the Farallon Plate, possibly by a hotspot coin- 
cident with the Farallon-Pacific ridge. Although the distinction 
between Plateaus, aseismic ridges, and seamounts is partly 
artificial’, it is possible that such Farallon Plate topographic 
expressions attained the dimensions of present oceanic plateaus 
(800-1,200 km”). General subsidence marked the Albian to 
Turonian interval (105-90 Myr), with the deposition of pelagic 
limestones and sporadic off-ridge volcanism. 

Accretion inthe Franciscan Complex took place in the late 
Cretaceous to Eocene, marked by the influx of continentally 
derived greywacke. The partial subduction of buoyant oceanic 
plateaus and seamounts could have contributed to the shallow- 
ing of the angle of subduction which was manifested by 


Laramide orogenic deformation". As the plateaus encountered . 


the trench, the limestone, basalt, and greywacke were obducted 
and imbricated by thrust faulting. Further northward translation 
by proto-San Andreas motion, driven by oblique subduction of 
the Farallon Plate, dissected the obducted limestones and jux- 
taposed other exotic blocks of limestone, greenstone and chert 
originally located On more distant parts of the Farallon Plate. 

We thank Steve Kupferman and Kaiser Permanente Cement 
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Contaminated sediments of lakes 
and oceans act as sources 

of chlorinated hydrocarbons 

for release to water and atmosphere 


Per Larsson 


Institute of Limnology, University of Lund, Box 65, 
S-221 00 Lund, Sweden 


Atmospheric transport is a major route for entry of chlorinated, 
aromatic hydrocarbons into aquatic ecosystems. Once in the water, 
the compounds are readily taken up by the biota and distributed 
in the food webs. Major fractions of the compounds are deposited 
in the ‘sediment’, and it had been thought that most persistent 
contaminants are inactivated in this way as a consequence of their 
lipophilic properties. However, results from recent laboratory 
studies”? raise the possibility that aquatic sediments may not be 
the final sink for the substances but may rather act as a source 
through redistribution of the compounds to water and the atmos- 
phere. Polychlorinated biphenyls (PCBs) may be regarded as 
‘tracers’ for these contaminants in the ecosystem, and I studied 
the transport of PCBs from sediment to water and air in two 
artificial ponds in the field. The transport from the sediment 
followed a seasonal cycle; higher concentrations of PCBs in water 
and air were recorded in the summer and lower in the winter. PCB 
concentrations in the air over the ponds were positively correlated 
with PCB levels in the water. My results show that contaminated 
sediments may act as a source of chlorinated hydrocarbons released 
into the environment. 

In laboratory model systems PCBs are transferred across the 
sediment/water interface by processes including bioturbation 
(the activity of benthic macroinvertebrates in the sediment), 
desorption and gas convection”’. PCBs also volatilize from 
water to the airt and a potential cycle of PCBs across the 
boundaries sediment/water and water/air is thus established. 
A similar cycle has been proposed for chlorobenzenes in the 
Niagara River and Lake Ontario’. 

Transport of PCBs from the sediment to the water and air 
was studied in large outdoor model ecosystems located in 
southern Sweden. The systems consisted of two pools (diameter 
7.3 m, volume 50 m°), to each of which I added 5-6 tons of lake 
sediment. The PCB compounds (12 g Clophen A 50, dissolved 
in 11 of ethanol) were thoroughly mixed by blending 50 ml of 
the PCB solution into sections of the sediment. The entire 
sediment was then stirred with a rake and left for 1 week to 
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Fig. 1 PCBs1n air (a) and in water (b) over the model ecosystems 
Filled circles represent the system with fish; unfilled without fish. 
The dashed line represents water temperature. 


stabilize. A theoretical concentration of approximately 
2.5 pg g ' was thus obtained in the sediment. Water was then 
added from the nearby river and continuously renewed at a rate 
of 50m? per month. After 2 months, fish (440 eels, Anguilla 
anguilla, weight 2~5g and 150 rudd, Scardinius erythroph- 
thalamus, weight 1-5 g) were added to one of the experimental 
ponds. 


Levels of PCBs in the water and air were followed by using _ 


a filter technique. Twice a month in 1983 and monthly in 1984, 
about 5 1 of water from each pond and from the reference system 
(containing uncontaminated river water) were passed through 
polyurethane-foam filters (PPF) to determine the total PCB 
fraction, and through particle filters (Whatman GF/C) for quan- 
tification of particulate PCBs. PCB transport from water to air 
was studied by passing air (~50m° at a rate of 121 min™') 
obtained from directly above the water surface (20 cm) of the 
pools through particle (Whatman GF/F) and PPF filters con- 
nected in series”. The procedure was repeated 300 m from the 
systems to obtain reference air samples (the PCB concentration 
in these air samples never exceeded 0.6 ng m”). The PCB com- 
pounds adsorbed onto the filters were extracted with hexane‘ 
and PCB content determined by capillary-gas chromatogra- 
phy/electron-capture detection”, 

A fraction of the PCB compounds originally added to the 
sediment (2.7-3.8 ug per g dry weight) was transported into the 
water (Fig 1). The transport followed a seasonal cycle with 
higher levels in the summer and lower levels ın the winter. The 
processes that transfer PCBs across the sediment/ water interface 
(bioturbation, desorption and gas convection) are positively 
related to temperature and may all be involved in the transport. 
In the reference system, concentrations of PCBs in the water 
were considerably lower, never exceeding 0.002 pg 17". Particles 
in the water adsorbed 39+ 21% (n = 22) of the PCBs. In general 
more PCBs were adsorbed to particles in the summer (probably 
to phytoplankton) than in the winter. 

A greater loss of PCBs from sediment to water occurred in 
the first year than in the second. This difference may be explained 
by lower bioturbation in 1984 than in 1983 as the benthic fauna 
was reduced by a factor of 10 (from 5,000 to 500 chironomid 
larvae per m°), probably due to predatory invertebrates and fish. 
The lower levels may also be a result of accumulation of alloch- 
thonous material (such as leaves and pollen) on top of the 
PCB-containing sediment, thereby reducing the rate of transport. 
Ona longer timescale, the PCB concentration in the water should 
decrease according to a damped oscillation with higher losses 
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Fig.2 Correlation of the levels of PCBs in the water and in air 
over the model ecosystems, 


in the summer than in the winter. Of the PCBs originally added 
to the sediment, 0.5-0.7% had been transferred to the water 
after 15 months. 

The fall in PCB concentrations in the water from summer to 
winter and from the first to the second year was reflected in the 
amounts of PCBs taken up by the zooplankton. Uptake of PCBs 
by Daphnia magna followed a positive, linear relation (r? = 0.90, 
F= 261, P<0.001). 

The levels of PCBs in the air over the experimental ponds 
were elevated compared with the reference area (Fig. 1). The 
dominating transfer process for PCBs across the water/ air inter- 
face is probably volatilization, as maximum concentrations were 
recorded in air at high water temperatures (20°C). This was 
further supported by the observation that PCBs with four or 
less chlorine atoms per molecule of the technical PCB mixture 
achieved a higher concentration in the air than those with five 
or more chlorine atoms*. Furthermore, the majority of the air- 
borne PCB fraction was presumably in the gas phase (>90%) 
as it passed the particle filters. A similar relation has been shown 
in air over Lake Michigan’’. 

In the winter, the volatilization of the compounds is prevented 
by ice. After ice break-up the concentration of PCBs in the air 
rose with both increasing temperatures and increasing PCB 
levels in the water. Concentrations of PCBs in air were lower 
the second year than in the first because of lower overall levels 
in the water during the second year. 

The concentrations of PCBs in the air were positively corre- 
lated with the levels in the water (Fig. 2, r, =0.84, P< 0.001, 
Spearman rank correlation). As the extended relation probably 
follows Henry’s law and its extension into fugacity models’, 
temperature partly governs the relation. Levels of PCBs in the 
water of lakes and oceans will therefore be reflected in the 
atmosphere. 

The flow of PCBs from water to air was studied by enclosing 
an air volume over a defined water surface with a box open 
towards the surface microlayer. PCB-free air (that had been 
passed through two PPF filters) was continuously passed over 
the surface and compounds leaving the water were trapped on 
a PPF filter. In October 1983 the flow of PCBs was 47 ng per 
m? per day (s.d.= 24, n = 4) and in April 1984 in similar condi- 
tions the flow was 59 ng per m? per day (s.d. = 28, n = 5). At the 
same time the air-borne fallout (as measured using two silicone 
nets?) was 22ng PCBs per m? per day. Consequently, the 
aquatic model systems acted as a source of PCBs released to 
the atmosphere. 

These results show that lipophilic compounds of low volatility 
such as PCBs may leave the sediment and contaminate water 
and atmosphere for a considerable time. Through air-borne 
fallout and sedimentation’, the compounds are then again 
transferred to the sediment, continuing the cycle of chlorinated 
hydrocarbons in the ecosystem. 

I thank Dr A. Södergren, Dr G. Sundström and Professor 
J.-E Kihlström for constructive criticism of the manuscript and 
the ‘ecotox group’ for assistance in the field work. This work 
was supported by the National Swedish Environment Protection 
Board. 
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Oxygen isotope ratios in N,O from 
nitrification at a 
wastewater treatment facility 


T. Yoshinari & M. Wahlen 


Wadsworth Center for Laboratories and Research, New York State 
Department of Health, Albany, New York 12201, USA 


Atmospheric N.O plays an important part in the destruction of 
ozone in the stratosphere’ and influences the troposphere heat 
budget”. Although the emission of N,O formed by nitrification?’ 
and denitrification® from soil and aquatic environments has been 
considered and rates of production and destruction estimated®, the 
strengths of different sources and sinks of NO, for a global budget 
have yet to be successfully assessed. This is mainly because the 
number of measurements and the areal coverage have been limited. 
We proposed previously’ a comparison of the *O/'*O ratio of 
N-O from different sources with that of the atmosphere for the 
evaluation of source strengths. We report here that the 5'°O in 
N-O predominantly produced by nitrification in a wastewater 
treatment facility was significantly lower than that of atmospheric 
N,O. This suggests that the 5'*O of atmospheric N,O cannot be 
explained by formation and release from nitrification alone. There 
must be other important sources or mechanisms that cause higher 
values of 5'°O in atmospheric N,O. 

To determine the oxygen isotope composition in N,O pro- 
duced. during ammonia oxidation, we analysed the air from 
enclosed housings of a wastewater treatment facility (Smith- 
town, Long Island, New York) equipped with rotating biological 
contactors where nitrification is actively taking place*?. Nitri- 
fying bacteria in the biofilm on the large surface areas of the 
contactors efficiently oxidize ammonia to nitrate via nitrite. 

The facility consists of two identical treatment trains set up 
in parallel with a total processing capacity of 1,400 m? per day. 
Two flow-through treatment tanks with rotating biological con- 
tactors are connected in series in each train, as schematically 
illustrated in Fig. 1a. Each tank is enclosed in a dome-shaped 
fibreglas housing with several small windows on both sides for 
air intake. Air and water samples were collected at locations 
indicated in Fig. 1a. 

The air in the housings was collected into scuba diving 
tanks by using a portable compressor on 27 July 1984. Before 
sequential sampling of the air in both housings, all the windows 
had been closed to minimize the influx of outside air. The 
measured N-O concentrations in the air samples collected at 
different times are shown in Fig. 2 and Table 1. The procedure 
for separation of NO from the large volume air samples and 
‘the measurement of isotope ratios by high resolution infrared 
laser spectroscopy were described previously’. Analyses of 
ammonia, nitrite, nitrate, total nitrogen, and organic carbon and 
nitrogen were performed by standard techniques (Table 2 and 
refs 12-14)..N,O concentrations in air from each scuba tank 
were determined by gas chromatography with electron-capture 
detector’. 

Analyses from both treatment plant housings (numbers 1 and 
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Fig. 1 a, Schematic diagram of treatment facility, showing one 
of two identical treatment trains set up in parallel. Two flow- 
through treatment tanks with rotating biological contactors are 
connected in series and each unit is enclosed in a dome-shaped 
fibreglass housing Locations where air and water samples were 
collected are indicated with numbers 1-7. Net volume of each 
treatment tank and net air space of each housing were about 42 m? 
and 72 m°, respectively. b, Relative abundance of N (%) as NHŻ, 
NO, and NO; in waters collected at sites numbered as in a. These 
data are based on the results in Table 2 
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Fig.2 The time required for filling air sample in each scuba tank 

and the measured N,O concentrations in these scuba tanks Thick 

and thin lines represent the samples collected at locations 6 and 

7, respectively, in Fig 1a Windows of each housing were closed 
at ¢=0 to minimize the influx of outside air. 


2) are compared in Table 1 with earlier results from air samples 
collected in Albany, New York, and nearby rural areas, as well 
as for a soil gas sample from a heavily fertilized plot’. Both 
concentrations of NO and values of 6'°O in N,O from housing 
1 were substantially different from those of atmospheric NO. 
The NO concentrations were ~70 times higher than in ambient 
air, and the values of 6'°O averaged 22.4% (Table 1). Data on 
nitrogen species and organic nitrogen and carbon in wastewater 
sampled from the inlets and outlets of the tanks are shown in 
Table 2. Based on the results in Table 2, the relative abundance 
of N in forms of ammonia, nitrite and nitrate at the five sites 
is also illustrated in Fig. 1b. 

* Examination of the nitrogen budget between the inlets of both 
tanks shows that ammonia was almost quantitatively oxidized 
to nitrate via nitrite (Table 2 and Fig. 1b). As there is no 
indication of appreciable nitrate reduction, it is unlikely that a 
substantial quantity of NO is released from the first tank by 
denitrification. Therefore, we conclude that the N,O in housing 
1 is mainly a by-product of nitrification. 

The fact that 5'8O values for N,O in the air of housing 1 
were distinctly lower than the average value observed in ambient 
air samples (Table 1) is consistent with the assumption that 
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Table 1 N,O concentrations and 5'*O of N,O in air samples in 
two housings of sewage treatment facility, and those of soil gas and 
ambient -air 


N.O concentrations 68'80 in N,O 
Samples (p.p.m.) (4% SMOW) 
Sewage treatment facility 
Housing 1 19.81 +0.14 23.14 1.1 
23.74+ 0.18 21.7+2.2 
Housing 2 1.18 +0.02 
1.31 +0.03 36.14 1.3 
1.29 + 0.02 
Soil gas 0.57 +0.01 35.9+0.4 
Ambient air, Albany 0.31+0.01 45.4+1.0 





NLO concentration in each tank was determined by gas chromatogra- 
phy with an electron-capture detector®. The sample was filled 
manometrically into a calibrated loop (~1 ml) of a six-port valve, and 
then injected into the main stream of a gas chromatograph by switching 
the valve position. 5'0(%) =[(180/'°O) ampie/ ('80/'°O)smow — 1] x 
10° where SMOW is Standard Mean Ocean Water'!. Values of 5'%0 
were also determined for each scuba tank except samples of three tanks 
from housing 2 were combined for the measurement. Experimental 
uncertainties are +1s.em. from multiple measurements. Data of soil 
gas and ambient air are taken from ref 7 


&'*O values in N,O produced from nitrification should have a 
relatively light oxygen isotope composition, as the two oxygen 
atoms incorporated into nitrite in the oxidation of ammonia by 
Nitrosomonas europaea are equally derived from O, and H,O 
(refs. 15, 16), and as NO appears to be formed mostly from 
the reduction of nitrite when the partial pressure of dissolved 
oxygen is small’, The average value of 5!°O of 22.4% in the 
air samples from housing 1 compares well with a value of ~24% 
for the ‘pure’ soil NLO component in a soil gas/air mixture, 
estimated from the observed 5'*O in the N,O, the excess of 
N20, and &'8Q = 45% for atmospheric N,O (ref. 7). Because 
this gas was collected from a field heavily fertilized with manure, 
it was also inferred that the N,O in the soil gas was produced 
largely from nitrification’. 

In the second tank little changes in the concentrations of 
nitrogen compounds were observed (Table 2). The N,O con- 
centration in the air of housing 2 (1.2 parts per million, p.p.m.) 
was only about four times higher than in ambient air, and &'8O 
in N,O was 36.1% (Table 1). If the N,O in the second housing 
were of the same type as in the first housing, an oxygen-18 
balance, using the indoor and atmospheric N,O concentrations 
and 6'*O values from Table 1, predicts the 6'°0 in N,O of the 
second housing to be 27.9%. The measured 6'°O of 36.1% is 
clearly higher, suggesting some contribution of ‘heavier’ N20, 
derived perhaps from the enrichment by partial reduction of 
N-O. Oxygen-18 enrichment in residual N,O has been observed 
earlier for the denitrifying bacterium Pseudomonas aeruginiosa 
in laboratory conditions’. 

The yield of NO (the ratio of the amount of nitrogen trans- 
formed into NO to the amount of nitrogen oxidized from 
ammonia to nitrate) can be estimated as follows. From the data 
in Fig. 2 the rate of the increase of N,O concentration in housing 
1 was estimated to be 3.2 x 107° p.p.m. s~}. With a net air space 
of 72 m°? this is equivalent to a N,O production rate of 2.9 x 1077 g 
N s~'. Assuming that the rate of ammonia oxidation to nitrite 
is rate-limiting, the nitrogen transformation rate calculated from 
net tank volume (42 m?), water flow rate (8.1 x 107? m’s7') and 
the average difference of ammonia and nitrate concentrations 
at the inlets of the two tanks (Table 2) was 1.0x107' g N s~}. 
The NO yield then becomes 2.9 X107°. This estimate is some- 
what lower than the value of 4.7 x 107° obtained from laboratory 
studies using N. europaea in soil under the condition of low 
oxygen tension’. However, it is comparable with an average 
value of 3 3x107? from in situ measurements in the Potomac 
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Table 2 Concentration of nitrogen species and total organic carbon in 


sewage samples at various points of the treatment train ` 


Forms of nitrogen (mg N per litre) and carbon (mg C per litre) 


4 


Total 
Sample Organic organic 
no. NH% NO; NO; N C 

1 13.2540.25 0.6940.01 5.00+0.11 14.7404 48243 
2 5.78+0.18 0.36£0.01 11.50+0.13 10.2403 32242 
3 0.84+0.14 0.19+0.01 12.45+0.38 10.2+0.3 35+2 
4 0.64+0.15 0.06+0.01 12.75+0.32 10.0403 312 
5 0.44+0.03 0.10+0.01 12.15+0.20 — 18+1 


Sample numbers as in Fig. 1a. Wastewater samples were collected in 
clean plastic bottles and immediately frozen. Analysis of ammonia, 
nitrite and nitrate concentrations were performed by Nesslerlization, 
diatization and brucine methods, respectively'*. The concentrations of 
organic nitrogen were calculated by subtracting the concentrations of 
ammonia nitrogen from those of total Kjeldahl nitrogen, which was 
measured by the indophenol blue method after sample digestion’*. Total 
organic carbon was determined by the ultraviolet-oxidation method and 
CO, measurement with an infrared analyser'* Experimental uncertaint- 
ies are +1 s.e.m. from multiple measurements. 


River’? and an estimate of 2.9 x 107° derived from studies in the 
Central Pacific'ë. A lower value of 1.2107? was reported in 
the Sargasso Seas where the biological activity is low’. 

The results presented here suggest that N,O from nitrification 
has a 8'°O of ~22%, which is substantially lower than 45%. for 
N-O in the atmosphere. If NO from nitrification is indeed a 
significant source for atmospheric N,O, a source of isotopically 
heavier N.O, possibly from denitrification is required to balance 
the atmospheric N'O. N,O from the oceans, which at the 
oxygen minimum layer is thought to be largely derived from 
nitrification'®-°, could have a slightly higher 5'°O because 
dissoved O, (ref. 21) and ocean water are somewhat heavier in 
&'*O than atmospheric O, and meteoric water. 

We thank L. Shaer of Nelson and Pope, Inc. for allowing us 
to take samples from the wastewater treatment facility in Smith- 
town, Long Island, New York; E. Marczak who performed 
isotope measurements, T. O’Toole, R. Mahoney and T. Koloski 
for help with NO sampling, separation and measurement, 
respectively; and J. Mitchell for help with chemical analysis. 
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Recent discoveries on the northern Gulf of Mexico continental 
slope have altered our understanding of biological and chemical 
processes occurring in the deep ocean. A biological community of 
hydrothermal vent-type organisms was recently discovered at the 
base of the Florida Escarpment’, where the fauna are apparently 
nourished by hydrogen sulphide-rich hypersaline water seeping out 
onto the sea floor. Dense colonies of deep living chemosynthetic 
benthic organisms were first discovered during investigations of 
warm water anomalies along the axis of the Galapagos Rift in the 
Pacific Ocean in 19777“, and this first discovery of clusters of 
clams, tube worms and other filter feeders in the immediate proxim- 
ity of warm water vents has been followed by the discovery of a 
number of other hydrothermal vent sites, for example Guaymas 
, Basin, East Pacific Rise at 21° N. The dense population assem- 
blages at these sites are apparently restricted to small areas of 
the ocean floor where hydrogen sulphide-rich water is escaping 
from spreading centres, but the Florida Escarpment discovery 
indicates that these communities can also exist on passive margins. 
Here we report the discovery of dense biological communities 
associated with regions of oil and gas seepage on the Louisiana 
continental slope. These communities of large epi- and infaunal 
organisms are similar to those associated with the vents of the 
Pacific and the hypersaline brine seeps of the Florida Escarpment. 
Carbon isotope analyses suggest that these communities are 
chemosynthetic and derive their energy from hydrogen sulphide 
and/or hydrocarbons. Similar communities may be widely dis- 
tributed on the sea floor in other oil-producing regions of the ocean. 

In July 1984, we reported the discovery of thermogenic gas 
hydrates in marine sediments from the Louisiana slope’. These 
hydrates were associated with oil-stained cores similar to those 
found at a nearby location’. Based on the widespread occurrence 
of oil-stained cores (containing up to 15% extractable organic 
matter) in the Green Canyon lease area (~27°-28° N and 90°- 
92° W) and the flux of hydrocarbons into the overlying waters, 
two benthic trawl samples were taken to determine the effect of 
these hydrocarbons on the benthic communities (see Fig. 1 for 
locations). Populations of hydrothermal vent type organisms 
were recovered in both trawls including bivalves, gastropods 
and vestimentiferan tube worms. i 

Our first trawl was taken near 27°40’ N and 91°32’ W at water 
depths between 600 and 700 m just south of an area known to 
contain oil-stained sediments and thermogenic gas hydrates. 
- The site was chosen because of a large seismic ‘wipeout’ zone 
where the stratifications of the sediments are masked (Fig. 2) 
and the presence of a persistent oil slick at the surface (presum- 
ably caused by sea bottom oil seepage). Coring of these seismic 
wipeout zones in the Green Canyon area have consistently 
recovered oil-stained, gas charged and/or gas hydrate- 
containing sediments. The 10-m semi-balloon otter trawl was 
on the sea bottom for ~60-min over a 3.5-nautical mile-long 
track. This track crossed a ~2.0-n. mile-wide wipeout zone. The 
first trawl contained 800kg of bivalve and gastropod shells, 
including both living and disarticulated bivalves ranging from 
5 to 10cm in length. The haul contained 30% living bivalves, 
60% disarticulated bivalves and 10% living gastropods. Organ- 
isms collected in our first trawl included the bivalves Calyptogena 
ponderosa, Vesicomya cordata, Lucinoma atlantis and an uniden- 
tified neogastropod. Both Calyptogena and Vesicomya contain 
haemoglobin. 
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Fig. 2 Acoustical record (3.5 kHz) along the track of trawl one. 

Wipe-out zones represent areas of oil, hydrate and/or gas-charged 

sediments. The wipeout zones are thought to be the locations of 
the chemosynthetic ecosystems 


The second trawl (~27°45’ N and 91°14’ W) was taken in the 
region where Anderson et alf previously reported oil-stained 
cores. Seismic data and additional cores obtained in this region 
confirmed the occurrence of hydrocarbon seepage. The trawl 
covered a distance of ~2.5 n. miles and crossed a second seismic 
wipeout zone. The trawl contained an entanglement of vestimen- 
tiferan tube worms (Lamellibrachia sp.) with various gastropods 
and bivalves. The vestimentiferans recovered in the trawl were 
~2.0 m long and up to 1 cm in diameter. The organisms in this 
second trawl included Acesta bullisi, L. atlantis, Gaza fischeri 
and the same unidentified neogastropod as retrieved in the first 
trawl. Both trawls also contained significant numbers of crabs, 
shrimp and fish that have yet to be identified. The tube worms 
and gastropods recovered from these trawl sites are taxonomi- 
cally different from those reported for the Florida Escarpment 
and the Galapagos Rift. However, one of the vesicomyid clams 
(C. ponderosa) collected at the first trawl site belongs to the 
same genus as the clams found at the Florida Escarpment 
(Calyptogena sp.), Galapagos Rift (Calyptogena magnifica) and 
Guaymas Basin (Calyptogena pacifica). 

Carbon isotope analyses were performed on selected organ- 
isms to determine their food source (Table 1). Stable carbon 
isotopes are useful in delineating the flow of carbon through 
ecosystems as there is considerable evidence for minimal carbon 
isotope fractionation along marine food chains’"'°. Organisms 
that feed on photosynthetically derived carbon from marine 
algae have carbon isotope values ranging from —19 to —21% 
(Table 1 and ref.11). Tissue from mussels recovered at the 
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Table 1 Carbon isotope values (6'°C in % relative to PDB) for organisms obtained from trawls on the Gulf of Mexico continental slope 

Organisms Description Station Depth (m) 8PC (%) Position Comment 

Geryon quinquedens Crab E-1 390 ~17.2 28°24’ N 85°58’ W 

Bembrops gobioides Fish E-1 390 ~178 28°24’ N 85°58’ W” 

Synaphobranchus brevidorsalis Eel E-3 840 —18.1 28°11’ N 86°26’ W 

S. brevidorsalis Eel E-4 1,225 -19.2 28°07’ N 86°36 W 

Bathypterois guardrifilis i Fish E-4 1,225 —18.6 28°07' N 86°36’ W 

Synaphobranchus oregoni Eel E-4 1,225 —195 28°07' N 86°36' W 

Nematocarcinus rotundus Shrimp E-4 1,225 —18.2 28°07' N 86°36 W 

Acanthephyra eximia Shnmp E-4 1,225 —18 3 28°07' N 86°36’ W 

G. quinquedens Crab E-4 1,225 ~193 28°07’ N 86°36’ W 

S. oregoni Eel C-1 345 —19.6 28°03’ N 90°15’ W 

G quinquedens Crab C-4 1,390 —17.4 27°28 N 89°44’ W 

Bathygadus macrops Fish W-2 550 ~17.5 27°25 N 93°19 W 

Monomitopus sp. Fish W-3 790 —18.1 27°08’ N 93°24’ W 

Dicrolene sp. Fish W-3 790 ~18.3 27°08 N 93°24’ W 

Halosaurus guentheri Fish W-3 790 “la 27°08' N 93°24 W 

Stereomasts sculpta Shrimp W-4 1,390 —17 0 26°44' N 93°19 W 

Calyptogena ponderosa* Clam 42 600 ~35.4 —35.3 27°40' N 91°32 W Seep area 

Lucinoma atlantis*® Clam 42 600 ~31.2 —33.0 27°40' N 91°32’ W Seep area 

Unidentified neogastropod Snail 42 600 ~31.5 27°40’ N 91°32’ W Seep area 

Lamellibrachia sp. Tube worm flesh 43 600 —27 0 27°45'N 91°14’ W Seep area 

Lamellibrachia sp. Worm tube 43 600 ~28.1 27°45' N 91°14" W Seep area 

Nezumia aequalis _ Fish} 42 600 —17.6 27°40 N 91°37 W Seep area 

Monomitopus sp Fish 42 600 ~17.9 27°40’ N 91°32’ W Seep area 

Chaunax pictus Fish 42 600 —17.9 27°40’ N 91°37 W Seep area 

Coryphaenaides colon Fish 43 600 i 27°45’ N 91°14 W Seep area 


Carbon isotopes samples were prepared in a Craig-type combustion system with CO, determination on a Finnigan MAT 251 isotope ratio mass 
spectrometer Depths are approximate as many areas of the slope are steep. ' 


* §'3C values were determined on two individuals. 


+ Fish were not necessarily collected in the immediate vicinity of the seeps but could have been collected at other areas during the trawl 


Pacific vents have 8'°C values near —33% (refs 12-14). The vent 
communities of the Pacific are based on chemoautotrophic bac- 
teria that gain energy from the oxidation of hydrogen sul- 
phide’*-'*. In turn, the associated filter-feeding organisms feed 
on these isotopically light bacteria. Internal symbiotic bacteria 
are found in clams, mussels and vestimentiferans from the 
hydrothermal vents’? and are probably present in the gills of 
the bivalves as well as the vestimentiferan worms at this site. 

Carbon isotope analysis of freeze-dried mantle and foot tissue 
of bivalves from the first trawl had 6'°C values of —31 to ~35%. 
This suggests that the food source of these animals results, at 
least in part, from chemosynthesis rather than terrestrial or 
marine photosynthetic organic carbon. These isotope values 
provide supporting evidence that the food source of the bivalves 
is sulphur- or hydrocarbon-oxidizing bacteria in this hydrocar- 
bon/sulphide-rich environment (6'°C of the oil and methane is 
—26.5 and —45%, respectively). The bivalves smelled strongly 
of hydrogen sulphide during dissection. The vestimentiferan 
worms and their tubes collected in the second trawl have 6°C 
values of —27 and —28%, respectively. In comparison, tube 
worms (Riftia pachyptila) sampled.from the Galapagos Rift had 
considerably heavier isotope values (—11%; ref. 12). One ex- 
planation for these heavier isotope values is that internal sym- 
biotic chemosynthesis in tube worms limits the supply of CO,, 
thus reducing isotope fractionation. The oil-seep tube worms 
must also have a mechanism of carbon assimilation that reduces 
isotope fractionation relative to the bivalves. 

This report significantly expands the geographical area in 
which one would expect to find dense hydrothermal! vent-type 
taxa in the deep ocean. It also suggests that oil and gas seeping 
to the surface from deeper hydrocarbon reservoirs can support, 
by chemosynthesis, vent-type organisms in the deep ocean. 
Hydrocarbon seepage occurs in many shelf and slope regions, 
thus making it probable that these communities are more widely 
distributed than previous discoveries have suggested. As these 
sites are studied further, several new species may be found (R. 
Turner and M. Jones, personal communication). 

This discovery is distinct from those in Pacific hydrothermal 


vents and Florida Escarpment communities in several ways. 
First, the source of reduced compounds (possibly hydrogen 
sulphide, hydrocarbons and/or ammonium) is not a point 
source. The seepage is diffuse and occurs over a wide area in 
the seismic wipeout zones. It is impossible to determine from 
trawl catches whether the organisms are living in the seep area 
or along its perimeter. Second, the biological assemblages are 
associated with seeping hydrocarbons that have significant 
toxicities (particularly aromatic hydrocarbons). Third, these 
chemosynthetic communities are not at abyssal depths. Fourth, 
water temperatures are not elevated. The high productivity at 
the hydrothermal vent communities seems to be sustained by 
high bacterial turnover rates in the high-temperature vent 
plumes'®. It is not known how hydrocarbons effect bacterial 
production rates. Finally, the shallower seep taxa reported here 
may serve as a food source for various deep-sea organisms. 
Further study is needed to elucidate: (1) how and to what extent 
the taxa adapt themselves to high hydrocarbon environments; 
(2) how widespread geographically these organisms are on the 
Louisiana slope, as well as other oil-producing regions; and (3) 
how significant a biomass contribution they make to the deep sea. 

We thank A. Vos and C. Trees for help in sampling the 
specimens, R. Turner (Harvard University) for identifying the 
bivalves and gastropods, M. Jones (Smithsonian Institution) for 
identifying the tubeworms and A. Fredericks, R. Pflaum and E. 
Joyce for the isotope analyses This work was sponsored by 
NSF (grant OCE-83-01538) and ONR (grant N00014-80-C- 
0113). Supporting isotope data for comparison on the Gulf slope 
was sponsored in part by the Mineral Management Service 
through its Gulf of Mexico Regional Office. Instrumentation 
support was provided by the Center for Energy and Mineral 
Resources at Texas A & M University. 
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The variable (V) regions of heavy and light immunoglobulin chains 
are encoded by multiple germline DNA elements which are 
assembled into complete variable-region genes in precursor(pre-) 
B lymphocytes’. The heavy-chain V region ( Vu) is assembled from 
three separate germline DNA elements, the variable ( Vy), diversity 
(D) and joining (Ju) segments; whereas light-chain variable 
regions of either the « or A type are assembled from two elements, 
the V, and J,. Analysis of tumour cell lines or sorted cell popula- 
tions which represent early and late pre-B cells has suggested that 
heavy-chain assembly and expression generally precedes that of 
light chains’~*; but, primarily because of the lack of appropriate 
model systems to study the phenomenon, the mechanism and 
significance of this apparently orderly differentiation process are 
much debated. Here we describe for the first time a transformed 
cell line, 300-19, which sequentially undergoes all of the 
immunoglobulin gene rearrangement and expression events associ- 
ated with the differentiation of pre-B cells to surface 
immunoglobulin-positive B lymphocytes. Analysis of the in vitro 
differentiation of 300-19 cells provides direct evidence for distinct 
differentiation phases of first V,, and subsequently V, assembly 
during B-cell differentiation. Furthermore, these analyses suggest 
that the 4 heavy chain, resulting from a productive V,,DJ,, 
rearrangement, has both a positive and a negative regulatory role 
in mediating this ordered differentiation process, that is, signalling 
the cessation of Vu gene assembly and simultaneously signalling 
the onset of V, assembly. 

The 300-19 Abelson murine leukaemia virus (A-MuLV)-trans- 
formed pre-B-cell line was derived from the adult bone marrow 
of NIH/Swiss mice*®. The original isolate of this line had DJ, 
rearrangements on both Ją alleles and no light-chain gene 
rearrangements’, a molecular phenotype associated with the 
most immature pre-B-cell lines known**. Both 300-19 DJ, 
alleles are transcribed into Dy messenger RNA and one of these 
transcripts is translated into a Du-chain, a truncated form of 
the u heavy chain which contains D and u constant region- 
derived sequence but no V,,-derived sequence’. Extensive sub- 


cloning has demonstrated that the normal low-level expression 


of Du does not prevent additional J,,-specific rearrangements 
including frequent secondary D to Ja or Vya to DJ, joinings’* 
Approximately 20-30% of the V,, to DJ,, joinings in the 300-19 
line are productive, generating progeny which accumulate high 
levels of normal y-chains (see below). A few A-MuLV transfor- 
mants which produced yw heavy chains at the time of isolation 
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have been observed to undergo V, assembly™ t. However, no 


cell lines have been described previously which undergo both 
Va and V, assembly events. Because the 300-19 line forms 
productive V,,DJ,, rearrangements at high frequency, it seemed — 
an ideal candidate to test for further differentiative capacity. _ 
We have directly determined the rearrangement status of the | 
heavy-chain alleles in the 300-19 parent line (P) and of those ~ 
of numerous 300-19 subclones (a representative set is indicated | 
in Fig. 16); the types of rearrangements observed were Djy 
rearrangements ( DJ), deletions of the Jy locus (~), and produc- ` 
tive ( VDJ") or non-productive (VDJ~) rearrangements. To more - | 
easily assay for productive Vy and V, assembly events in large 
numbers of 300-19 subclones (including events which were 
represented in a fraction of the population), we have devised a 
quick and sensitive screening assay for the presence of intracel- 
lular u- and x- and A-chains. Briefly, the assay involves spotting 
equivalent amounts of lysate from appropriate cell lines onto 
nitrocellulose and then detecting bound immunoglobulin chains 
by a sandwich technique using a specific anti-mouse u, « or A 
antiserum first, followed by a specific '*°I-labelled second anti- 
body (see Fig. 1 legend). Conveniently, normal-sized y-chains 
expressed in any 300-19 progeny which productively append a 
Vu segment to one of the parental DJ,, units can be distinguished 
from the Du-chains expressed from one of the parental DJ,, 
alleles not only by their size difference’ but also by their 
expression level—which is, in general, much higher for the 
normal-sized 4-chain than the Du-chain’*. For example, the 
low Dy expression of 300-19 parent cells is barely visible in 
our assay conditions (Fig. la), whereas most lines which have 
productive V,,DJ,, rearrangements give very strong signals (for 
example, the P8 line in Fig. 1). Furthermore, secondary subclon- 
ing demonstrated clearly that high-level u expression in lines 
which by DNA blotting analyses appear to contain pre- 
dominantly the parental DJ,, rearrangements (for example, lines 
PS and P18 of, Fig. la, b) almost always resulted from the 
presence of a subpopulation of cells containing productive 
VDJ, rearrangements (Fig. le; other data not shown). Thus, 
in the vast majority of clones which show clearly detectable 
u-chain expression by this assay, at least some cells in the clonal 
population have formed productive V,,DJ,, rearrangements. 
Analyses of light-chain expression revealed variable levels of 
x-Chains in many of the subclones but no A expression. Further- 
more, there was a strong correlation between y-chain and x 
light-chain expression in the various lines; «-chains were found 
only in those lines that expressed normal -chains at intermedi- 
ate to high levels (Fig. 1a). Thus, no «-chains were detected in 
-negative lines which carried predominantly DJ,, alleles (for 
example, 300-19P, P3 and P18) or, even more significantly, in 
lines which had generated two non-productive V,,DJ,, rear- 
rangements (for example, P17). However, we found very high- 
level x expression in lines that had formed a productive Vy DJ, 
rearrangement and which exhibited substantial -chain 
expression (for example, P8). Rearrangements of the J, locus 
in 300-19 subclones were analysed by probing a Southern blot 
of BamHI/ EcoRI double-digested genomic DNA with a J- 
specific ’P-labelled prabe. In these assay conditions, a germline 
J, cluster is evident as a 6.8-kilobase(kb) hybridizing fragment”. 
Both the 300-19 parental population and all of the primary 
subclones contained only the germline fragment and no 
obviously rearranged bands (Fig. 1c; representative lines are 
shown). However, the germline band in DNA from the p- and 
-positive P8 subclone was relatively faint, indicative of continu- 
ing «-gene rearrangement. Thus, in the P8 subclone, the x 
proteins detected appeared to have been generated from multiple _ 
cells in the population which harboured independent productive © 
V. to J, rearrangements, any one of which was present in too 
low a molar ratio to be detected by the blotting assay. This 
assumption was proven by subcloning the P8 line. As expected, 


all the P8 subclones expressed u-chains (Fig. 1d) and contained Rane 


the same V,,DJ, rearrangements as the parental line (not 
shown); however, nearly all these subclones also expressed 
x-chains, some of them at high levels (Fig. 1d). In addition, n 
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Fig. 1 Assembly and expression of V,, and V, 
genes in the 300-19 cell line. a, Protein dot-blot 
assays (see below) of 300-19 cell lysates, 
indicating the presence of intracellular u- and 
«-chains in the 300-19 parent line (P) and in 
primary subclones (1-20). b, Rearrangement 
status of the two J,, alleles of 300-19 and rep- 
resentative subclones. The nature of each Jy- 
associated rearrangement was determined by 
DNA blotting assays using Jy- D-, and Vy- 
specific probes as described previously®’"'*. 
Whether a given V,,DJ,, rearrangement was 
productive (+) or non-productive (—) was 
determined by combined protein and DNA 
blotting assays as described previously’, or by 
direct nucleotide sequencing’. c, Rearrange- 
ment status of the J, alleles in 300-19 and 
representative subclones. Genomic DNA from 
the indicated lines was digested simultaneously 
with BamHI and EcoRI, fractionated by elec- 
trophoresis through 1% agarose gels, transfer- 
red to nitrocellulose, and assayed for hybridiz- 
ation to the pRBJC, probe as described in ref. qd # 
10. The 6.8-kb germline J,-containing fragment K 
is indicated. d, e, Intracellular u- and «-chain 
expression in secondary subclones derived from 
subclone P8 (d) and P18 (e). f, g, Rearrange- 
ment status of the J, alleles in secondary sub- 
clones from P8 (f) and P18 (g); analyses were 
performed as described for c. 

Methods. Primary or secondary subclones of 
300-19 were obtained by subcloning the line or 
its primary isolates under limiting dilution con- f 
ditions. Approximately 10’ cells from each sub- 
clone were lysed with 200 ul of phospholysis 
buffer’ and 3 ul of each lysate spotted onto 
nitrocelluose. The filters were then treated with 
6x SSC, 70% ethanol, and incubated for 2-4h 
in a 1% casein/phosphate-buffered saline 
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(PBS) solution. Parallel filters were reacted separately with one of the three specific antisera: affinity-purified goat anti-mouse IgM; nitrophenol 
(NP)-coupled, monoclonal rat anti-mouse x; or the monoclonal anti-mouse A antibody Ls136 (ref. 18). The filters were then washed three 
times with PBS and incubated with '**I-labelled B1-8, a monoclonal anti-NP antibody (comprised of u- and A-chains) which could be bound 
by, or bind to, each of the three antisera. The detection limit of this specific sandwich assay was 100-1,000 pg ml~' of immunoglobulin chain. 


almost all the subclones contained a rearrangement of at least 
one « allele; and most of these rearrangements were of unique 
size, indicating that they resulted from independent events (Fig. 
1f). The heterogeneity of x-gene rearrangements in subclones 
containing a fixed, productive heavy-chain rearrangement 
clearly demonstrates that «-chain production in p-producing 
lines resulted from an onset of V, assembly after productive V,, 
rearrangement. In addition, similar analyses of several secon- 
dary and tertiary subclones which maintained the two parental 
DJ, rearrangements, demonstrated that this sequential 
differentiation process is continuing in the 300-19 line. Thus, 
only those subclones which (assembled and) expressed sig- 
nificant levels of -chains underwent the rearrangement and 
expression of « light-chain genes (for example, the P18 series; 
Fig. le, g). In agreement with the notion that light-chain gene 
assembly is also ordered*'®'*-"*, no evidence of A light-chain 
gene assembly or expression was observed in any of the 300-19 
subclonal series (data not shown). 

A novel 300-19 subclone, p4-11, produced high levels of heavy 
chains of the Dy type, as evidenced both by the size of the 
chains (relative molecular mass 56,000) (Fig. 2a; the Du-chains 
of the 300-19 parent line are included for comparison) and by 
the fact that the P4-11 line and its subclonal derivatives were 
directly demonstrated to maintain DJ,, rearrangements of both 
Jy alleles (not shown). Significantly, the P4-11 subclone 
expresses substantial levels of «-chains by dot-blot analysis (not 
shown) which, on the basis of the subcloning and Southern 
blotting analyses described above, clearly resulted from a high 
level of V, to J, joining in the Du-producing line (Fig. 25). 
Thus, the Dy protein may contain the necessary components 


to signal light-chain rearrangement, but in the vast majority of 
cases it is expressed at too low a level to effect such regulation. 
Furthermore, the maintenance of DJ,, rearrangements in all 
tested subclones of the P4-11 line (including those shown in 
Fig. 2b with independent J, rearrangements) suggests that high- 
level production of Du chains might also be capable of mediat- 
ing allelic exclusion. 

In multiple independent primary, secondary and tertiary sub- 
cloning analyses, we have analysed hundreds of 300-19 sub- 
clones and have, with the one novel exception indicated above, 
yet to find a line which undergoes light-chain rearrangement 
and has not assembled and expressed a complete heavy-chain 
gene. Furthermore, all 300-19 subclones which do express com- 
plete heavy-chain genes (dozens of independent subclones) also 
show evidence of frequent « light-chain gene assembly events. 
However, we have not observed light-chain rearrangement in 
several subclones which have assembled two non-productive 
V,,DJ,, rearrangements (for example, P17), indicating that V, 
rearrangement is not associated with V,, assembly per se. Taken 
together, these findings argue strongly for separate phases of 
V,, and V, assembly and further indicate that the production 
of u heavy chains in some way mediates this transition. Such 
a role for the w-chain is consistent with a model which postulates 
that the regulation of all aspects of V-gene assembly (for 
example, allelic exclusion, order) is mediated by the relative 
accessibility of the component V,, and V, gene segments to a 
common recombinase'’. Thus, the production of a -chain could 
serve the dual function of signalling the ‘closing’ of the pre- 
viously accessible Vą locus (effecting allelic exclusion) and the 
‘opening’ of a previously non-accessible J, locus (effecting 
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Fig.2 High-level expression of Du-chains is associated with Vk 
assembly. a, Du expression. Approximately 10’ 300-19 or subclone 
P4-11 cells were lysed, fractionated by polyacrylamide gel elec- 
trophoresis, electrotransferred to a nitrocellulose filter, and the 
bound -chains detected by a sandwich technique using goat 
anti-lgM and '**I-labelled monoclonal IgM antibody B1-8 (see 
ref. 7 for details). b, Genomic DNA from the P4-11 line (lane P), 
various P4-11 secondary subclones (lanes 2-10) and mouse liver 
(liver) was assayed for J, rearrangement as described in Fig. 1 
legend. 


ordered rearrangement). A clue to some of the necessary 
molecular determinants of this putative signal may come from 
the observation that high-level expression of a truncated heavy- 
chain protein containing just D and C,, portions (D,, protein) 
may also signal the onset of V, assembly and the cessation of 
Va assembly. 

Several 300-19 subclones which produce both u- and «-chains 
contain a large percentage of cells (30%) that express these 
chains on their surface in the form of IgM; in contrast, the 
parental line or -only intermediates do not express surface 
immunoglobulin (data not shown). The acquisition of surface 
IgM by the u- and «-producing subclones was often accom- 
panied by the appearance of additional surface markers diagnos- 
tic of the B-cell stage of differentiation, including surface IgD 
(unpublished results). Thus, the 300-19 line represents, to our 
knowledge, the first permanent cell line of any type that clearly 
undergoes all of the sequential gene reorganization and 
expression events which lead to the surface IgM-positive stage 
of B-lymphocyte differentiation. Previously characterized A- 
MuLYV transformants which were shown to undergo Vy to DJ, 
rearrangement did not appear to go on to the V, assembly stage. 
However, these lines, which were derived from the fetal liver 
of BALB/c mice, rearranged a highly restricted set of Vy gene 
segments'° and usually generated Vii DJy-containing progeny 
in which these rearrangements were non-productive' ’, suggest- 
ing a detrimental effect of the expression of the frequently used 
Vi, gene segments. The 300-19 line, on the other hand, uses a 
very different set of V,, gene segments to form V,, DJ,, rearrange- 
ments” and. generates, at high frequency, progeny which have 
formed productive rearrangements (see above). Taken together, 
our observations suggest that the relative ability of these lines 
to differentiate to the V, assembly stage may be a function of 
their inherent capacity to generate progeny which have 
assembled and expressed productive V,,DJ,, rearrangements, 
rather than some consequence of the A-MuLYV transformation 
event per se. The in vitro differentiation of the 300-19 line appears 
to occur spontaneously and rapidly with no additional stimu- 
laton needed beyond that potentially provided by components 
of the growth medium. This portion of the normal B-cell 
differentiation pathway probably also occurs in the spontaneous 
and autoregulatory manner observed in 300-19 cells, with the 
product of one differentiation stage signalling the onset of the 
next stage. 
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T-cell clones specific for myelin basic 
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Experimental allergic encephalomyelitis (EAE) serves as a mode! 
for autoimmune diseases mediated by T lymphocytes’. Following 
sensitization to rat, mouse or guinea pig myelin basic protein 
(MBP) in complete Freund’s adjuvant, inbred mouse strains PL/J 
(H-2"), SJL/J (H-2") and (PL/J x SJL/J)F \((PLSJ)F ,) develop 
EAE*“. Whereas sensitization to the N-terminal 37 amino-acid 
peptide of rat or guinea pig MBP [MBP(1-37)] induces EAE in 
PL/J mice, immunization to the C-terminal peptide (89-169) leads 
to EAE in SJL/J mice**. The immune response to MBP in 
(PLSJ)F, mice is not co-dominant; sensitization to the N-terminal 
peptide induces EAE, while sensitization to the C-terminal peptide 
does not**. We have generated MBP-specific T-cell clones restric- 
ted to class II (la) antigens of the major histocompatibility complex 
(MHC) from PL/J and (PLSJ)F, mice following sensitization to 
rat MBP. Two such I-A"-restricted T-cell clones that proliferate 
in response to the encephalitogenic N-terminal MBP peptide and 
recognize a shared determinant with mouse (self) MBP cause 
paralysis in 100% of (PLSJ)F, mice tested. Paralysis is induced 
even when recipients are injected with as few as 1 x 10° cloned T 
cells. Relapsing paralysis followed in two-thirds of the recipients 
after recovery from acute paralysis, whereas one-third developed 
chronic persistent paralysis, a form of EAE not usually seen. 
Histopathology revealed intense perivascular inflammation, 
demyelination and remyelination within the central neryous system 
of paralysed mice. The experimental disease induced with these 
clones shares important features with human demyelinating dis- 
eases such as multiple sclerosis. This is the first demonstration 
that T-cell clones that respond to a defined self-antigen can induce 
clinical and histological autoimmune disease. 

T lymphocytes sensitized to MBP can cause clinical and 
histological EAE when adoptively transferred to naive 


w 






Table I Response of Teen clones to MBP 


Response to MBP (mean c.p.m. 














A Antigen- H-thymidine incorporation) 

: Encephalitogenic presenting No Rat Bovine Mouse 

— dones cells antigen MBP MBP MBP 
Clone PIR-25 PL/J 276 88,341 27,859 73,421 
SJL/J 319 266 145 292 
(PLSJ)F, 99 76,726 4,170 22,574 
© Clone Fi-12 PL/J 530 54,743 6,013 16,038 
SJL/J 1,659 1,663 2,150 1,964 
(PLSJ)F, 530 42,666 2,712 5,358 


Non-encephalitogenic clones 





‘Clone F113 PL/J 281 666 314 355 


SJL/J 766 37,094 447 262 

E (PLS)F, 174 15,544 166 230 
= Clone F1-15 PL/J 176 288 ND ND 
SJL/J 2,110 2,404 ND ND 

GERE (PLSJ)F, 1,789 239,244 2169 924 
~ Clone F1-16 PL/J 73 279 ND ND 

| SJL/J 152 216 ND ND 

(PLSJ)F, 126 35,173 138 206 





Proliferative T-cell lines specific for MBP were generated from PL/J and 
; (PLSJ)F, mice following protocols previously described”. Five mice per group 
cue Of gach strain were immunized subcutaneously at the base of the tail with 200 pg 
“vat MBP emulsified in complete Freund's adjuvant (CFA). Seven days later, 
draining inguinal and para-aortic lymph nodes were removed, cells were suspended 
in media and cultured in 24-well dishes (Costar, 3524) at 6 x10° cells per well 
with 100 pg ml”! rat MBP. Eight days later, cells were collected, washed twice 
and 510° viable cells were transferred to 25- cm? tissue culture flasks (Corning 
- 25100). These cells were stimulated with 3 x10’ y-irradiated (3,300 rad) APC and 
100 ug mi”! MBP. Twelve days after the previous stimulation, viable resting T 
io. cells were separated by centrifugation over a Ficoll gradient. At this time T cells 
“were cloned by limiting dilution in 96- well flat-bottom microtitre plates ({Linbro, 
76-003-05) at 0.3 cells per well with 5x 10° syngeneic APC, 100 pg mi”! rat MBP 
and 10% supernatant from concanavalin A-stimulated rat spleen cells (CAS)”’ 
< After 12 days, cell growth was observed in only 8-10% of the wells. Cells from 
individual wells were expanded in 24-well Costar plates in the same manner with 
5% CAS and eventually transferred to 25-cm’ tissue culture flasks. Then 5 x 10° 
cloned T cells were routinely stimulated every 12-14 days without CAS. Clone 
PJR-25 was subcloned by sorting at 1 cell per well using FACS. Complete culture 
media consisted of RPMI 1640 (Gibco) supplemented with 10% fetal calf serum 
(M.A. Bioproducts}, 5 x 107° M 2-mercaptoethanol, 2 mM glutamine, 100 U mi! 
penicillin and 100 ug mi streptomycin. To assay for proliferative response to 
rat, bovine or mouse MBP, 10° T cells were cultured with 5x 10° irradiated APC 
from PL/J,SIL/J or (PLSJ)F, mice in 0.2 ml culture media in 96-well flat-bottomed 
microtitre plates. MBP from each species was isolated as described previausly**. 
Each clone was tested with and without rat MBP. Cultures were pulsed using 
ipCi *H-thymidine at 48h and collected 16 hours later. The mean c.p.m. of 
-thymidine incorporation was calculated for triplicate cultures. The standard devi- 
ations from replicate cultures were within 10% of the mean value. ND, not done. 


recipients’ '°. The T cells that are transferred in these experi- 
. mental systems are heterogeneous polyclonal populations cap- 
-able of responding to various antigenic determinants on MBP’. 
It is important to define precisely which T cells are involved in 
induction of EAE, because many cells contained in bulk T-cell 
cultures*’, or even long-term T-cell lines? "°, may not be in- 
C5 volved in the induction of autoimmunity. In an investigation of 
“the properties of the cells participating in the pathogenesis of 
- EAE, examining cloned populations of T cells that react to MBP 
ois advantageous. We established proliferative T-cell lines specific 
for MBP in PL/J and (PLSJ)F, mice following immunization 
with rat MBP. Clones were then derived from these T-cell lines. 
The response of the clones to mouse (self) MBP and peptides 
` derived from MBP was analysed. Since T cells recognize antigen 
in association with class II MHC antigens, these clones were 
- further characterized on the basis of their pattern of restriction 
to I-A or I-E molecules. The clones were then tested for their 
ability to induce EAE in (PLSJ)F, mice. The properties of two 
encephalitogenic clones, PJR-25 derived from PL/J mice and 
_Fi-12 derived from (PLSJ)F, mice, are described here. The 
- characteristics of three MBP-specific non-encephalitogenic ‘con- 
trol’ clones, F1-13, F1-15 and F1-16, are also presented, 
_ Clones PIR-25 and F1-12 proliferate in response to rat, bovine 
Sal mouse MBP, but only in association with H- 2" MHC 
: molecul n pn presenting 
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DAYS AFTER INJECTION OF PJR-25 


Fig. 1 Onset of paralysis in (PLSJ)F, mice after injection of 
MBP-specific T-cell clone PJR-25. 

Methods. (PLSJ)F, mice were injected intravenously (i.v) with 
1 x 10° (thick solid line), 5 x 10° (thick broken line) or 1 x 10° (thin 
solid line) PJR-25 cells, or 5 x 10° control T-cell clones specific for 
MBP, which do not proliferate to mouse MBP (thin broken line). 
Fourteen days after stimulation with rat MBP and irradiated APCs, 
viable T cells were separated by centrifugation through a Ficoll 
gradient. These cells were then stimulated for 24h in complete 
media containing 10% CAS (see Table 1 legend) in the absence 
of APC. Recipient mice were given low-dose whole-body irradi- 
ation (350 rad) and 10'° heat-inactivated B. pertussis i.v. prior to 
T-cell injection, and a second B. pertussis injection was given ~48 h 
after injection of PJR-25 cells. Onset of paralysis is defined as the 
first signs of hind-limb paraparesis or paraplegia and loss of tail 

tone. 


H-2"* F, antigens expressed on (PLSJ)F, APC. Both PJR-25 
and F1-12 respond to peptides composed of guinea pig and 
bovine MBP(1-37) (Table 2). Rat and guinea pig MBP have 
identical amino-acid sequences for residues 1-37, and differ 
from mouse MBP at only two residues. Mouse MBP is missing 
His 10 and Gly 11 (ref. 11). Bovine MBP(1-37) also has this 
deletion, but differs from rat, guinea pig and mouse MBP at 
residues 2 and 17 (see Table 2 legend). 

In PL/J and (PLSJ)F, mice, two similar but separately 
encoded Ia antigens, I-A and I-E, can be expressed. Whether 
antigen recognition occurs in association with a particular la 
complex can be determined by using monoclonal antibodies 
that recognize only specific I-A or I-E gene products'*"!?, These 
monoclonal antibodies bind to I-A or I-E molecules on APC 
and block T-cell recognition, thus inhibiting T-cell proliferation. 
Using this approach, we found that PJR-25 and F1-12 are both 
I-A’-restricted (Table 3). 

Clones PJR-25 and F1-12 were considered good candidates 
to test in vivo for induction of EAE because each clone recog- 
nizes an epitope within the encephalitogenic N-terminal peptide 
that is shared with mouse (self) MBP. We predicted that MBP- 
specific T-cell clones that do not respond to mouse MBP in vitro 
would be unlikely to cause EAE in mice. Clone PIR-25, which | 
has the phenotype of a T-helper cell (Ly1*, Lyt 27, L3T4*) as 
determined by fluorescent-activated:cell sorter (FACS) analysis 
(data not shown), was the first clone tested in vivo. 

In five consecutive experiments, 100% of (PLSJ)F, mice 
developed paralysis after a single injection of PJR-25 (Fig. 1). 
Even when injected with as few as 10° cells, the smallest number 
yet tested, all of four mice developed paralysis. The onset of 
paralysis is, however, dependent on the number of PJR-25 cells 
injected. With greater numbers of cells, clinical signs appear 
earlier (Fig.1) and death is more likely. Of 12 mice injected 
with 5 x 10° PJR-25 cells, all developed acute EAE within 10-14 
days (data not shown). Eight mice died 1-5 days after onset of 
paralysis, and the other four mice were used for histological 
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Table 2 Response of T-cell clones to peptide fragments of MBP (mean c.p.m. “H-thymidine incorporation) 





Setatare weenie ove 


ae Encephalitogenic No 





aoe Guinea pig Guinea pig Bovine Bovine 
«clones antigen Rat MBP MBP MBP(1-37) MBP(1-37) MBP(89- 169) 
o PIR-25 143 117,592 83,489 108,853 39,715 392 
v F-12 125 48,326 19,223 53,839 11,125 . 126 
o Non-encephalitogenic 
~~. control clones | 
F1-13 55 32,779 53 | e ape 42 — M 
F1-15 50 36,580 39,011 43,108 , 32 26 
F1-16 68 74,286 83,687 95 650 é 133 247 








All MBP peptides are products of pepsin cleavage from either intact guinea pig MBP or bovine MBP. These peptides: have been isolated and 


purified as previously described**. Guinea pig MBP(1-37) has the identical sequence to rat MBP in this N-terminal region and bovine MBP ~ 
(89-169) shares the same amino- -acid sequence as large rat MBP (89-169)''. Bovine MBP(1-37) differs from the rat and guinea pig MBP(1-37) | 
sequence at residue 2, where Ala replaces Ser, and residue 17, where Ser replaces Thr. Bovine MBP has. a deletion of the His 10-and Giy 11 residues. 
Although these clones do not proliferate to bovine MBP(89- 169), this peptide does not suppress the proliferation to either MBP(1-37} (not shown). 
MBP(89-169) has been found to stimulate certain MBP-specific proliferative T-cell clones derived from. SJL/J mice’. All peptides were added at 
initiation of the cultures to give a final concentration of 50 ug ml~'. Intact proteins were also added but ata concentration of 100 pg mi~. Syngeneic 
irradiated APC were used in all cultures (see Table 1). Proliferative responses were determined as described i in Table 1 legend. 











Table 3 Pattern of I-region restriction of T-cell clones (mean c.p.m. ° H-thymidine incorporation) 
Encephalitogenic No Rat MBP+ anti-I-A¥* Anti-I-A% Anti-I-E% Anda: EYs 
clones antigen alone (10-2.16) (40 M) (14-44) (Y~17) 
PJR-25 213 125,562 7,018 5,181 127,836 108,853 
F1-12 125 48,326 8,828 2,474 47,324 63,078 
Non-encephalitogenic 
control clones 
F1-13 361 33,002 28,025 27,303 34,635 38,253 
F1-15 394 99,266 345 364 75,923 102,890 
F1-16 68 69,552 133 185 52,599 65,603 





All monoclonal antibodies have been described previously”. Antibody 10-2.16 binds determinants Ia.17 on certain I-A, chains including Aj 
and Aj (ref. 25). Antibody 40 M binds Ia.1, a determinant on I- A? , but not on I-A% (ref. 26). Antibody 14-4-4 binds determinant Ia.7 expressed 
on certain E, chains including E} (ref. 27). Antibody Y-17 binds a determinant, ms m44, on certain hybrid I-E molecules including EQ Eg (ref. 
28). In these blocking studies 1 ug of each antibody was added at the beginning of culture to those wells containing cloned T cells, syngeneic APC 
and rat MBP. 10-2.16, 14-4-4 and Y-17 were provided by Dr P. P. Jones (Stanford University). Proliferative responses were determined in the same 


manner as described in Table 1 legend. 


have developed acute paralysis followed by death, as was seen 
when 5x10° cells were injected. Many, however, develop 
chronic relapsing paralysis, and a small number develop chronic 
unremitting paralysis, a form not usually observed. In three 
experiments in which a total of 28 mice wereinjected with either 
110° or 5 x10° PJR-25 cells, 13 mice died 3-9 days following 
the onset of paralysis. Eleven of the 15 mice that survived the 
initial onset of paralysis developed hind-limb paraplegia and 
complete loss of tail tone, which lasted 6-10 days and then 
improved with no other observable signs of paralysis. These 11 
mice relapsed 10-25 days later, developing at least hind-limb 
paraparesis and usually complete paraplegia of 6-20 days dur- 
ation. Of these 11 mice, 8 underwent a second remission, with 
3 of those relapsing for a second time (20 days later). The other 
3 mice from the 11 remained chronically paralysed (> 40 days). 
The remaining 4 of the 15 mice that survived the intial onset of 
paralysis were chronically paralysed (either severe paraparesis 
or complete paraplegia) for more than 80 days without signs of 
deterioration or remission. This chronic persistent form of para- 
lysis is unusual in mice with EAE. ' 

Classic histological features of EAE, including perivascular 
infiltrates in the central nervous system and meningeal inflamma- 
tion, were observed (Fig. 2). Demyelination and remyelination 
accompanied the cellular inflammation in mice with both 
chronic relapsing and chronic unremitting paralysis (Fig. 2). 

A subclone of PJR-25 was also observed to cause paralysis 
- in mice. This subclone, called PJr-25, was derived by sorting 

the parent clone at one cell per well using FACS analysis. When 
injected with 1 x 10° PJr-25 cells, all of four (PLSJ)F, recipient 
mice developed clinical EAE with chronic paralysis. Two of 
these four mice relapsed. The encephalitogenic potential of this 


_. clone was not diminished by subcloning or by continuous culture 


in vitro for more than 10 months. 


T-cell clone F1-12 was also tested in vivo. This clone, derived 
from (PLSJ)F, mice, has a similar MBP recognition pattern as 
PJR-25. It responds to the encephalitogenic N-terminal peptide 
{Table 2), recognizes a conserved epitope with mouse MBP 
(Table 1), and is also. I-A'-restricted (Table 3). When tested in 
vivo, paralysis was observed in four of four (PLSJ)F, recipient — 
mice. These mice developed paraparesis and, in two cases, the 
paraparesis evolved to monoparesis. In one case a mouse 
developed. paraparesis. followed 14 days later by right leg 
monoparesis. Ten days later paraparesis recurred and 40 days 
later right leg monoparesis developed a second time. 

MBP-specific T-cell clones that respond to rat MBP but not 


to mouse MBP were administered to (PLSJ)F, mice in the same = 


manner as the encephalitogenic clones PJR-25, PJr-25 and F1-12. 
Three different control clones, F1-13, F1-15 and F1-16, were 
injected (5 x 10° cells} into (PLSJ)F, recipients. None out of 21 
of these recipient mice developed clinical paralysis (see Fig. 1 
legend). Demyelination was not observed in tissue sections from 
mice given control clones. These T-cell clones were derived from 
(PLSJ)F, mice immunized with rat MBP. One of these clones, 
F1-13, responds to rat MBP only (Table 1), and solely in associe =~ 
ation with SJL/J APC. The other two clones, F1-15 and F1-16, 
recognize a determinant within the encephalitogenic N-terminal. 
peptide of rat and guinea pig MBP that is not shared by mouse 

MBP (Table 2). This determinant probably includes His 10 and- 

Gly 11, present in guinea pig MBP and rat MBP, but deleted. 
in mouse MBP as this:is the only difference in amino acids 

1-37 between mouse ‘MBP and rat or guinea pig MBP. Both 
Fi-15 and F1-16 respond to rat MBP only in association with 


(PLSJ)F, hybrid APC, not parental APC (Table 1). Monoclonal ~~ 2 


antibodies to I-Ag% block proliferation of these clones to rat 


MBP. Clones F1- 15 and Fl- 16 are thus restricted to I-A% Ag ey 


(Table 3). 
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Fig. 2 a, Histological evidence of EAE. Representative perivas- 
cular cuffs from cortex of mouse with paraparesis 25 days after 
receiving PJR-25, 5 x 10° cells. x150, haematoxylin and eosin stain. 
b, A completely demyelinated axon, demonstrating primary 
demyelination in a mouse injected with MBP-specific T-cell clone 
PJR-25. This mouse was killed during a relapse, 45 days after initial 
signs of paralysis. A portion of a remyelinated axon is present in 
the upper right corner. <17,500. c, A partially remyelinated axon 
is evident in the centre of the field, which is surrounded by several 
remyelinated axons. The inset in the upper right corner shows 
several additional remyelinated axons, characterized by a thin 
myelin sheath around the axonal profile. A more normal axonal 
sheath profile is present in the lower right corner of the inset. 
*17,500. 


The failure of any of the three control clones to induce EAE 
mitigates against passive transfer of MBP as a mechanism for 
EAE induction. These clones all proliferate in response to rat 
MBP as well as to PJR-25 or F1-12. Thus, if any trace amount 
of rat MBP is passively transferred with PJR-25, PJr-25 or F1-12, 
similar amounts are probably transferred with the control clones 
handled in the same manner. 

As in other systems in which murine T-cell lines have been 
used to induce EAE*”"*, we have found that low-dose irradi- 
ation of the recipients (see Fig. 1 legend) facilitates induction 
of severe clinical EAE. Thus, all of eight (PLSJ)F, mice receiving 
110° PJR-25 T cells with radiation (350 R) but without Bor- 
detella pertussis developed relapsing paralysis, while none of 
eight mice without irradiation that received B. pertussis 
intravenously developed EAE. One of eight mice developed 
EAE without irradiation or B. pertussis. Preliminary results 
revealed that in vivo administration of recombinant human 
interleukin-2 (provided by Cetus) permitted induction of EAE 
with clone PJR-25 without the need for either radiation or B. 
pertussis (S.Z. et al., in preparation). 

These experiments demonstrate for the first time that EAE 
can be induced with individual T-cell clones. Class II (I-A)- 
restricted T cells bearing the L3T4 phenotype characteristic of 
helper-inducer cells, which recognize the N-terminal peptide of 
MBP, are highly encephalitogenic. We have shown previously 
that EAE can be prevented and that progressive paralysis can 
be reversed with in vivo administration of either anti-I-A or 
anti-L3T4 antibody’*'’. These antibodies may be effective 
through blockade of activation of T cells restricted to class II 
MHC molecules'*-'*. It is intriguing that astrocytes isolated 
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from the central nervous system express class II MHC antigens, 
when cultured in vitro with T-cell lines specific for MBP, and 
are capable of presenting MBP to these T-cell lines'®?°. la 
antigens can be demonstrated on endothelial cells in the central 
nervous system early in the development of EAE®'. Thus, it is 
likely that these T-cell clones recognize MBP in association with 
la antigens present in the brain and spinal cord. 

These T-cell clones induce a variety of clinical states, including 
acute fulminant paralysis, relapsing-remitting paralysis and 
chronic persistent paralysis. It is clear that a single cloned T-cell 
population can induce relapsing paralysis. The number of cloned 
T cells that are administered is a critical factor in determining 
the clinical course. Whether recurrent paralysis and de- 
myelination in part results from sensitization to MBP plus 
lipids—a question raised by others’—can now be excluded by 
the finding that cloned T cells reactive to MBP peptides induce 
relapses and demyelination. 

The availability of T-cell clones specific for defined regions 
of the MBP molecule that mediate EAE, the archetypal model 
for autoimmunity induced with T cells, provides several oppor- 
tunities to study the pathophysiology of this disease. Because 
clinical relapses and demyelination are induced with these 
clones, this model disease shares important features with human 
demyelinating diseases such as multiple sclerosis. These T-cell 
clones provide decisive advantages for studying such questions 
as the migration of T cells to the central nervous system in 
disease”, and the molecular biology of the T-cell receptors for 
the encephalitogenic epitope of MBP. Using smaller peptides, 
we are currently defining the region within MBP (1-37) that is 
recognized by disease-inducing clones. If encephalitogenic T 
cells responding to the N-terminus of MBP recognize the same 
epitope, they possibly share structural similarities in their MBP- 
specific T-cell receptors. If so, the development of clonotypic 
antibodies against MBP-specific T-cell clones can be tested in 
this system to determine whether they could be beneficial in the 
therapy of T cell-mediated autoimmune diseases. Finally, 
because these clones induce relapsing disease, the regulatory 
mechanisms leading to relapse and remission can be studied 
following a single injection of a clonally derived population. 
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Most cellular interactions essential for the development of an 
immune response involve the membrane glycoproteins encoded in 
the major histocompatibility gene complex’. The products of the 
I region, the class IT histocompatibility molecules (Ia molecules), 
are essential for accessory cells such as macrophages to present 
polypeptide antigens to helper T cells. This interaction, antigen 
presentation, is needed for T-cell recognition of the antigen and 
its consequent activation. How the Ia molecules regulate the 
immune response during antigen presentation is not known, 
although it is commonly thought to result from their association 
with the presented antigen’**, Recent studies, including the eluci- 
dation of the structure of the T-cell receptor, favour recognition 
of a single structure, an antigen-Ia complex®*. Here we report 
attempts to determine whether purified Ia glycoproteins have an 
affinity for polypeptide antigens presented by intact cells in an 
Ja-restricted manner. We first identified the epitope of a peptide 
antigen involved in presentation’. Several laboratories have shown 
that globular proteins are altered (processed) in intracellular 
vesicles of the antigen-presenting cell before antigen presenta- 
tion”. A major component of the T-cell response is directed 
toward determinants found in the unfolded or denatured molecule, 
and our laboratory has shown that the determinant of the hen-egg 
lysozyme protein (HEL), presented in H-2" mice to T cells, is a 
sequence of only 10 amino acids’. This portion resides in an area 
of the native molecule partially buried inside the molecule, in a 
B-sheet conformation. To be presented, intact or native HEL must 
first be processed in acidic intracellular vesicles'*. Having isolated 
the peptide responsible for T-cell recognition of HEL, we sought 
a physical association of this peptide with purified, detergent- 
solubilized I-A“ molecules from B-hybridoma cells. We have found 
such an association, which may explain.the role of the Ia gly- 
coproteins in cellular interactions. 

If antigen presentation involves a direct complexing of a 
peptide to the J-A molecule, we reasoned that binding can be 
measured directly in detergent micelles. We accomplished this 
by purifying J-A* and J-A® glycoproteins on a large scale and 
examining the binding of a peptide antigen to each of them by 
equilibrium dialysis. As antigen we selected a peptide of 


lysozyme, HEL(46-61), that is immunogenic in mice of the H-2* 


but not of the H-2% haplotype. We had previously developed 
a panel of T-cell hybridomas in mice of the H-2* haplotype 
that recognize the peptide HEL(46-61). HEL(46-61) was synthe- 
sized by the solid-phase method of Merrifield and purified using 
reverse-phase HPLC’. The compound 7-fluoro-4-nitrobenzo-2- 
oxa-1,3-diazole (NBD-F) was then covalently bound to the 
HEL(46-61) The resultant fluorescently labelled polypeptide 
antigen was separated from residual HEL(46-61) using HPLC, 
and found to be derivatized at its amino terminus by measure- 
ment of its ultraviolet and visible absorption spectra’’. NBD- 
HEL(46-61) was still strongly immunogenic compared with 
native HEL(46-61) (Fig. 1). For example, the amount of NBD- 
HEL(46-61) presented by the B-hybridoma line TA3 required 
for half-maximal stimulation of interleukin-2 (IL-2) production 
by a T-cell clone was apparently six- to eightfold less than the 
amount of native HEL(46-61) required for a similar response. 
Consequently, we could use this functional well-defined NBD- 
HEL(46-61) probe to measure the binding affinity of the peptide 
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Fig. 1 Response of 3A9 T-cell hybridoma to either native 
HEL(46-41) (@) or NBD-HEL(46-61} (©). TA3 B-hybrndomas 
were used as antigen-presenting cells and 10* TA3 cells incubated 
in 200 ul in 96-well Costar dishes with 10° 3A9 cells and the 
indicated amounts of peptide After 24h of culture, supernatants 
were removed and assayed for IL-2 activity by the incorporation 
of *H-thymidine into the IL-2-dependent cytotoxic T-lymphocyte 
cell. The values represent the arithmetic mean of triplicate culture 
wells; standard deviations were <20% of the mean. Previous 
studies indicated that 3A9 responds only to I-A“ macrophages 
pulsed with HEL??. The 3A9 T-cell hybridomas, derived in our 
laboratory from CBA/J mice immunized with HEL, were pre- 
viously shown to react with native HEL after processing, or with 
HEL(46-61)?°. The structure of NBD-(46-61) is also shown 


for purified I-A in detergent. We purified I-A* and I-A‘ (ref. 14) 
molecules from the TA3 line (an I-A°’*-bearing hybridoma 
active in antigen presentation)!’ and incubated them with NBD- 
HEL(46-61), measuring their association by equilibrium 
dialysis. 

NBD-HEL(46-61) could bind to the I-A* polypeptide but 
not to an excess of I-A‘ (Figs 2, 3), establishing that the binding 
was haplotype-specific. In a control experiment, NBD-HEL(46- 
61) did not bind significantly to excess amounts of an unrelated 
membrane protein, glycophorin (Fig.3). The binding to I-A* 
of the NBD-HEL(46-61) was saturable (Fig. 2), exhibiting a 
dissociation constant (Kp) of ~2 M (we have performed four 
separate experiments with values ranging from 1.4 uM to 4.8 yM 
with a mean of 2.8 uM.) From the x-axis intercept of the Scat- 
chard plot we have calculated a molar ratio at equilibrium 
binding between I-A* and NBD-HEL(46-61) of 0.82. Finally, 
the binding of NBD-HEL(46-61) to I-A* was strongly inhibited 
by native HEL(46-61), indicating that the binding is specific 
(Fig. 3). A synthetic analogue of HEL(46-61) (see Fig. 3 legend) 
that is not presented by TA3 cells to T-cell hybridomas did not 
exhibit any appreciable competition with NBD-HEL(46-61) for 
binding to I-A“. This peptide contained conservative substitu- 
tions at the eight amino acids to the carboxy side of Tyr 53 
(therefore, overall peptide length, hydrophobicity and B-struc- 
ture propensity are similar). Furthermore, the inability of the 
analogue to inhibit NBD-HEL(46-61) binding indicates that 
the interaction of I-A* with the peptide antigen is sensitive to 
the amino-acid sequence of the carboxy portion of the molecule. 
We are currently testing a panel of HEL(46-61) homologues 
and analogues of known immunogenicity for their ability to 
compete with NBD-HEL(46-61) for binding to I-A‘; this should 
establish whether a strong relationship exists between the bind- 
ing to purified I-A* and the immunogenicity of a peptide. 

Our results are compatible with a model in which the Ia 
molecule binds a peptide sequence and thus creates the struc- 
tural determinant recognized by T-helper cells. Perhaps the 
affinity of the interaction between Ia and peptide would dictate 
the Ir gene responder status. Indeed, we have detected rather 
strong and specific binding to I-A“, the responder haplotype, 
but no binding to I-A‘, the non-responder, nor to glycophorin, 
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Fig. 2 a, Saturation binding curve and b, Scatchard plot of binding data, 
obtained by equilibrium dialysis for the binding of NBD-HEL(46-61) to 
1-A* in 025% Triton X-100, Ky =2 0 uM 

Methods, Binding was performed at 37 °C for 72 h using an I-A* preparation 
obtained from TA3 B-hybridoma cells Large-scale purification by affinity 
chromatography using the anti-I-A* monoclonal antibody 10-2 16, coupled 
to cyanogen bromide (CNBr)-activated Sepharose 4B (ref 14) was perfor- 
med using ~ 10'' TA3 cells. Cells were washed ın phosphate-buffered saline 
(PBS) at pH 7.4 and plasma membranes obtained by nitrogen cavitation at 
400 ps1 for 5 min, followed by centnfugation at 18,500rpm in a Sorvall! 
SS-34 rotor for 30 min Plasma membranes were washed in 0.5 M NaCl and 
5mM EDTA to remove peripheral membrane proteins and contaminating 
actin and myosin. Finally, plasma membranes were solubilized in 05% 
Triton X-100 and passed through a 12-m] Sepharose 4B column coupled 
with purified 10-2 16 (24 mg purified IgG had been coupled to 3 5g CNBr- 
activated Sepharose 4B) I-A“ was eluted from the column in 2 5% 
deoxycholate and quantitated using the fluorescamine assay I-A“ was 
purified from solubilized TA3 plasma membrane material that failed to bind 
to the 10-2 16-coupled Sepharose 4B column using the antı-I-Af monoclonal 
antibody MKD6 coupled to CNBr-activated Sepharose 4B by a procedure 
identical to that for I-A“ punfication All purfication steps were performed 
at 4°C m the presence of 5mM EDTA, 02mM phenylmethyisulphonyl 
fluonde and 5 mM iodoacetamide SDS-polyacrylamide gel electrophoresis 
of the I-A“ preparation followed by staining with Coomassie blue showed 
only one band of relative molecular mass (M,) ~33,000 and one band of 
M, ~28,000 with no detectable impurities NBD-HEL(46-61) was obtained 
by chemical coupling of 7-fluoro-4-nitrobenzo-2-oxa-1, 3-diazole (NBD-F) 
to HPLC-punfied HEL(46-61) (ref 26) NBD-HEL(46-61) was identified 
as ammmo-terminal-labelled HEL(46-61) with absorption maxima at 340 and 
480 am)? and HPLC purified Vartous concentrations of NBD-HEL(46-61) 
were incubated for 5h with 8 64 nmol 1-A* in 0 25% Triton X-100 at a final 
volume of 800 pl Samples. were transferred into 64-mm diameter 
Spectra/ Por 2 membrane tubing (M, cutoff, 12,000-14,000) and dialysis was 
performed at 37 °C against 50 mi of 0.25% Triton X-100 in-PBS Following 
dialysis to equilibrium, samples were assayed for fluorescence intensity by 
excitation at 465 nm and emission at 535nm using an LS-5 Perkin-Elmer 
fluorimeter The data were analysed by linear regression At maximal levels 
of NBD-HEL(46-61) offered, ~67% of the total I-A* sites were bound 
Linearity of the Scatchard plot is consistent with homogeneity of the I-A* 
preparation. Concentration of NBD-HEL(46-61),,.. was determined by 
comparison of dialysate fluorescence with a standard curve of NBD- 
HEL(46-61) in 0.25% Triton X-100 Concentration of NBD-HEL(46-61) ota: 
was determined by comparison of sample fluorescence to a standard curve 
of NBD-HEL(46- 61) in 025% Triton X-100 containing 108 gM purified 
I-A¥ Concentration of NBD-HEL(46-61),ouna Was calculated by subtrac- 
tion of NBD-HEL(46-61),,.. from NBD-~HEL(46-61)...,; At all concentra- 
tions of NBD-HEL(46-61) used, the recovery of total fluorescence units 
was >96%. The values on the x and y axes in a are expressed in nmol 
NBD-HEL(46-61). We found no differences in the wavelength of maximum 
absorption/emission nor in the quantum yield of NBD-HEL(46-61),,,. 

compared with NBD-HEL(46-61), ound 


an irrelevant transmembrane protein. In our particular assay 
system the NBD-HEL(46-61) and an Ia molecule must associate 
with a Ka of <50 M before we can detect it. NBD-HEL(46-61) 
could actually be binding to the I-A‘ molecule, but with a K4 
below the level of detection in our system. Although our binding 
data indicate a stable association of I-A“ and peptide in Triton, 
it is possible that this association is strengthened on contact 
with the T-cell receptor. Of course, it is also possible that a 
peptide-I[a complex could further interact with other presenting 
cell membrane components before functional complexes can be 
formed. Recently, Watts et al. have shown that planar mem- 
branes containing incorporated I-A‘ are able to present a pep- 
tide digest of ovalbumin to ovalbumin-specific, I-A‘%-restricted 
T-cell hybridomas'*. Indeed, our preparation of I-A“ incorpor- 
ated into planar membranes in the presence of HEL(46-61) 
stimulates our T-cell hybridomas (B.P.B., P.M.A. and E.R.U., 
in preparation). These results argue that Ia and processed anti- 
gen in the presence of membrane phospholipids are at least a 


NATURE VOL 317 26 SEPTEMBER 1985 







Protein Competitor 
1-a% = 
1-A% (46-61) 
1-Ak “Analogue GA. 
-Ak = i l 
I-ad - } 
Glycopharim = 


O 200 400 
Fluorescence intensity 


Fig.3 Binding of NBD-(46-61) to the I-A* molecule is inhibited 
by native HEL(46-61) and is haplotype-specific Binding was 
measured by equilibrium dialysis as described in Fig 2 legend, 
except that a 10-fold molar excess of either native HEL(46-61) or 
a synthetic HEL(46-61) analogue (Asn-Thr-Asp-Gly-Ser-Thr-Asp- 
Tyr-Ser-Val-Phe-Thr-Tyr-Ala-Gly-Lys) was mixed with NBD- 
HEL(46-61) before incubation with I-A". Binding of NBD- 
HEL(46-61) to either I-A? or glycophorin was measured using 
864 or 43.2 nmol protein, respectively. The x-axis shows the 
fluorescence intensity of bound NBD-HEL(46-61) obtained by 
subtraction of NBD-HEL(46-61),,.. from the total fluorescence. 
NBD-HEL(46-61), HEL(46-61) and the HEL(46-61) analogue 
were all purified by reverse-phase HPLC 


minimally sufficient system with which to present antigen to T 
hybridomas. 

Note that several laboratories had attempted to measure 
specific binding of various radiolabelled antigens (native, pro- 
cessed or synthetic) to intact Ia-bearing cells without much 
success'’~!°, Most attempts using fresh cells resulted in a high 
background of nonspecific binding. In our system, which con- 
tained relatively high concentrations of I-A“ (10.8 uM) and 
NBD-HEL(46-61) (35 uM), a maximum of 5-6% of peptide 
bound specifically to I-A“. To detect the interaction of NBD- 
HEL(46-61) with an equivalent number of I-A* sites on intact 
cells would require a large number of TA3 cells; however, it is 
impossible to achieve the same concentration of I-A* sites with 
intact cells compared with purified I-A‘. 

Because many different peptides are presented in the context 
of a given haplotype, it follows that we would expect competition 
for the binding to a given I-A molecule by both foreign and 
native peptides and/or multiple binding sites on the Ia molecule. 
We agree that macrophages and antigen-presenting cells do not 
discriminate between self and non-self?, and we have shown 
that peptides of autologous lysozyme compete both in antigen 
presentation and for binding to I-A* (P.M.A., B.P.B. and E.R.U., 
in preparation). Recent experiments are also compatible with 
competition of more than one peptide antigen for binding to Ia 
molecules”**', Finally, there are observations suggesting that 
multiple functional sites exist on a single la molecule which 
may allow it to interact in a specific manner with various peptide 
antigens**-**, Of course, increasing the number of possible func- 
tional Ia restriction sites, either by combinatorial association of 
a- and B-chains or by using more than one site per molecule, 
should increase the number of ways Ia molecules can interact 
with antigen and function in antigen presentation. Furthermore, 
the binding of a single peptide to a single Ia molecule can 
generate several different antigenic determinants’. 

This work was supported by NIH grants A122033, A1I15353 
and HL28015. 
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Pulmonary surfactant is a phospholipid—protein complex which 
serves to lower the surface tension at the air—liquid interface in 
the alveoli of the mammalian lung and is essential for normal 
respiration’. Inadequate levels of surfactant at birth, a frequent 
situation in premature infants, results in respiratory failure. In 
all species examined, surfactant is composed primarily of dipal- 
mitoylphosphatidylcholine and two major protein species of rela- 
tive molecular mass (M,) 32,000 (32K) and 10K (refs 2-5). Recon- 
stitution in vitro of purified 32K pulmonary surfactant apoprotein 
(PSAP) with synthetic lipids forms a lipoprotein complex that 
lowers surface tension by spreading to create a thin interfacial 
film®’, Here we describe the cloning of the human PSAP gene 
and complementary DNA, and discuss features of the unusual 
encoded protein. 

Recently we isolated a full-length cDNA encoding the canine 
32K PSAP®; we used this cDNA in reduced stringency 
hybridization conditions to screen a human genomic library 
constructed in bacteriophage Charon 28 (Fig. 1 legend). One 
hybridizing clone was chosen as the most likely candidate for 
encoding human PSAP, as it hybridized more intensely with the 
canine cDNA. Partial sequence analysis of this genomic isolate 
revealed extensive coding homology (77%) with the canine 
clone. Whereas the homology to canine PSAP enabled us to 
assign coding exons tentatively within the human gene sequence, 
to delineate the human coding regions with certainty we isolated 
and characterized human PSAP cDNA clones. 

A cDNA library was first prepared from poly(A)* RNA 
derived from fetal lung tissue and screened with canine PSAP 
cDNA. A single positive clone, pHS-6, was isolated from 
~ 125,000 recombinants. By nucleotide sequence analysis, pHS-6 
was shown to encode the carboxy-terminal half of PSAP and 
to contain a long 3’-untranslated region of the messenger RNA. 
Using pHS-6 as a probe to rescreen the fetal library, no addi- 
tional PSAP-specific clones were obtained. Because pulmonary 
surfactant is synthesized late in fetal maturation’, we therefore 
obtained a cDNA library prepared with poly(A)* RNA isolated 
from adult human lung. The partial human PSAP cDNA, pHS-6, 
was again used to screen the adult library and detected many 
positively hybridizing clones; at least 50-fold more PSAP clones 
were found derived from adult than from fetal tissue. The 
apparent increase in PSAP transcripts in the adult human lung 
suggests that the developmental regulation of this gene occurs 
at the transcriptional level. 
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Fig. 1 a, Structure of human pulmonary surfactant apoprotein (PSAP) 
gene Restriction enzyme cleavage sites located tn the 6.0-kilobase (kb) 
segment of cloned human genomic DNA are indicated (E, EcoRI, B, 
BamHI, H, HindIII) Exons are represented by boxes, with the putative 
signal peptide denoted by stippling, the collagen-like segment shown as the 
cross-hatched region, and the non-collagen sequences corresponding to the 
filled-tn portions, b, Schematic diagram of human PSAP mRNA, showing 
regions present in each exon of the gene Translated sequences are depicted 
by the wide box, with the different coding regions of the protein denoted 
as above. The extent and overlap of cDNA clones are shown by the thick 
bars below the diagram. 

Methods. Gene cloning: A library of human genomic DNA cloned in 
bacteriophage Charon 28 (ref. 33) was screened on nitrocellulose filters*® 
with >*P-labelled canine PSAP cDNA pDS-1 (ref 8). Duplicate filters carry- 
ing DNA from a total of 15x10° phage plaques were hybridized with 
5x10°c.pm. mi? **p.labelled pDS-1 probe in 40% formamide, 5xSSC 
{1 xSSC 1s 0 15 M NaCl, 0.015 M sodium citrate, pH 7.5), 0.05% SDS, 5x 
Denhardt's (002% bovine serum albumin, 0.02% Ficoll, 0.02% polyvinyl 
pyrollidine), 50 pg mi~! yeast transfer and 50 pg ml~' denatured, sheared 
salmon-sperm DNA at 37°C for 16h. Following hybridization, the filters 
were washed twice at 50°C for 30min in 2 SSC, 0.1% SDS, dried and 
autoradiographed on Kodak XAR film with Dupont Cronex intensifying 
screens unt] complete exposures were obtained. One strongly hybridizing 
phage containing 14 kb of human genomic DNA was isolated The positive 
clone was digested with BamHI and DNA fragments of 3.5, 1.2 (the 5' 
BamHI site directly adjacent to the arm of the phage vector was presumably 
artificially generated through the library construction) and 4.7 kb were 
purified and subcloned in pBR322 (pPSAPb3.5, pPSAPb1.2, pPSAPb4.7) 
by standard techniques” Restriction enzyme mapping and Southern blot 
analysts’ of the subcloned genomic fragments using **P-labelled pDS-1 
probes allowed construction of the gene map cDNA cloning’ a, Fetal human 
lung poly(A)” RNA from a 24-week-old fetus was isolated by the 
guanidinium isothiocyanate technique” and used to prepare a dT-primed 
cDNA library cloned in dG-tatled pBR322. Colony filters were screened as 
descnbed previously? with *?P-labelled pDS-1 cDNA under the hybridiza- 
tion conditions described above A single positive clone, pHS-6, was isolated 
and further characterized by nucleotide sequence analysis 6, An adult lung 
cDNA library was obtained from Dr Barry Greenberg Starting with poly(A) 
RNA isolated from adult human lung, randomly primed cDNA was prepared 
and cloned inthe bacteriophage vector gt10 using EcoRI linkers, as described 
by Huynh and co-workers : Phage plaques were screened with a **p.Jabelled 
hybridization probe prepared from pHS-6 Plaque filters were hybridized 
with 5x10°c p.m mi? pHS-6 probe tn 50% formamide, 5 xSSC, 
0.05% SDS, 5x Denhardt's, tRNA and salmon sperm DNA at 42°C for 
16h. Filters were washed twice at 50°C for 30min each ın 0.2 xSSC, 
0.1% SDS, dried and autoradiographed. Two of the clones carrying long 
inserts, HS-2 and HS-5, were chosen for further analysis. The 3‘-terminus 
of each clone corresponds to the natural EcoRI site within the PSAP coding 
region Both clones extend through the 5’-untranslated area, ending within 
a few nucleotides of one another. Nucleotide sequence determination: 
Nucleotide sequence of genomic and cDNA clones were established by the 
chain termination method” using restriction fragments subcloned into the 

phage M13 vectors mp8 and mp9 (ref 38). 


Two independently isolated cDNA clones, HS-2 and HS-5, 
were characterized further by nucleotide-sequence analysis. 
Both clones contain the entire PSAP coding sequence and all 
but a few nucleotides of the 5’-untranslated sequences. Both 
clones overlap with the original cDNA isolate, allowing us to 
obtain a continuous and nearly full-length sequence of the PSAP 
mRNA. A comparison of the cDNA sequences with the complete 
sequence of the genomic clone (Fig.2) gave a map of intron 
and exon structure for the human surfactant apoprotein gene 
(Figs 1, 2). An initiation site for PSAP transcripts probably 
occurs within 24-37 nucleotides downstream from a consensus 
recognition sequence for initiation, TATAAA (ref. 10). The 5’- 
untranslated region of human PSAP is relatively short (52-67 
nucleotides) and is encoded by exon I and part of exon II. The 
3’-untranslated region is contained within exon V and is quite 
long (1,304 nucleotides). Two polyadenylation signal sequences, 
AATAAA (ref. 11), are seen in the gene sequence occurring 


362 





within 15 base pairs of each other near the end of the 3’- 
untranslated region. We conclude from S, analysis'* using total 
adult lung poly(A)* RNA (data not shown) that only the 
proximal polyadenylation signal is used in the maturation of 


PSAP transcripts. 


Banx 
ggatectcca gcctgagtge 


ceacatdiat asa@tgctgeg 


230 


atcgcaggca gagaggacca 


ctgcaangat cctcatgttt 


500 


accaccttge gqggggccag 


cagtqagtga qtgacctgac 


cactgeasge 


836 
aggccatgec 


aaggegactg 


aggtgccagg 


geqcacagts gqggagatgt 


tcttggggas acatgetgts 
tctaccttac cotctgactt 
geccagcage cacaggectg 

400 
gttattttct ttggecagat 
gctgceeggge ceegttcatc 
taatagcetg ggagggacag 

759 


cactggagee caggtccecg 


tgatgctggg aattttcces 


1990 
tggcagaggt ygcagatggg 


1100 


CIC ATC TIG ATG GCA GCC TCT GGT OCT GTG TGC 
Leu Tie Leu MET Ala Ala Ser Gly Ala Val Cys 


id 120 


Q 
GGC AGG CAC GGG AGA GAT GGT CTC AAA GGA GAC 
Gly Acg Hia Gly Arg Asp Gly Leu Lye Gly Aap 


1396 
tecaggecec taggetgtgg 


tectcatagt geccaecggag tgatagagtg atagetgage cagcectggt gateatggge atcgagtctc actagctcca 


gccatagtgs gctgg¢gggct 


59 
tazacactat gcecattteé 


ggaggcagag ACCCAAGCAG 
300 
accaaagcece aggctggges 


ccatcctaca gggttcagca 


ttttttcatt ctcagygtege 


650 
ggcaggtttt 


ctgcagegge 
ggctccccag agectccttac 


900 
ggagcttcgg gtcttcccag 


ctcacggcca 


Y 
GAA GTG AAG GAC GTT TGT GTTIGGA AGC CCT GGT 
Glu Val Lys Asp Val Cys ValiGly Ser Pro Gly 


CTG GGC CCT CCA G gta ctgtgetgca gaccccacte 


Leu Gly Pro Pro G 


atagtaagct gogtgggact tcagtct¢gca gggctggtg¢g 


1456 


tgcet ggage 


CIGGAGGCTC TGTGTGITGS gtgagtttage cccatcecct 


ggagggcaac 
gggcctacag 

530 
tgatttcttg 
acggaagatt 


tettcctcct 


cactctggtc 


tecetcctgcag GAGCAGCG 


1336 
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Roughly 100 base pairs upstream from the TATAAA sequence 
preceding exon I of the human PSAP gene, a potential binding 
site for the glucocorticoid receptor can be identified. The 
sequence GAACATGCTGTG shares identity with several recep- 
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tor binding sequences located near or within many mammalian 


acaggtttts tggtag¢gget 
286 


tceccatttt ecactgggag 


450 


gaggggcagt gagagaacag 


gagectgaaa agaaagtaac 


cagctgsagt 


86s 


ectcagcage ctiggagacce 


gtcgcecgee ctgcectcgtc 


ACTGGACCCA GAGCCE 


cagagaggtg aagccagttt 


100 


ctcaggggts aggaggaage 


aggtgttctc 


350 


gtgtttcaca gcacagtcaa 


accccaaaaa gaaaggggac 


acagcaggga tgaggacaga 
700 
cecagggtaa 


cacaacctce agecggagge 
$50 


gggctctgce cagettectg 


1050 
ATG TGG CTG TGC CCT CIG GCC CTC AAC 


s 


ctqgecagecc 
cagcttgags 
cataggtgac 
tecatgactg 

600 
tggtgtgagt 
catagtgagg 


etgaagcatys 


agtcetgaca 


RET Trp Leu Cys Pro Leu Ala Leu Asn 


1250 


1150 


r 


isog 


1600 


Ramil 
ATC CCC GGC ACT CCT GGA TCC CAC GGC CTG CCA 
Yle Pro Gly Thr Pro Gly Ser Gia Gly Leu Pro 


teagetgagg acecagacce cttttcagga ggceccatctg 


1468 


gttectgggg cccttatgat ggcgeatect ggagagtctg 


accagttgtg ggtgacagat cctacacate catgtctctt 


1356 
ttetetgaag GC CCC ATG GOT CCA CCT GGA GAA ATG CCA TGT CCT CCT GGA AAT GAT GGG CTG CCT GGA GCC CCT GGT ATC CCT GGA GAG TGT GGA GAG 
ly Pro MET Gly Pro Pro Gly Glu MET Pro Cys Pro Pro Gly Asn Asp Gly Leu Pro Gly Ala Pro Gly Ile Pro Gly Giu Cys Gly Glu 


1650 


1700 


AMG GGG GAG CCT GGC GAG AGG GGC CCT CCA G gtgagcaggg t caggt Cagtgga sacatgggca cagegacect gaagtcagtt acacgggzat gatggggatc 
Lys Gly Glu Pro Gly Glu Arg Gly Peo Peo G 99999499% 337013 3 gatggg 


1750 
agacaaacec 


gggaagtcet cegtgcectca 


agggtgaatg 


2100 
ett gecette 


cgqgatgaggc 


astcggaggg 


Chtcactaaa gaatagggga 
2350 


Caasacacct cgtggcagca 


tacaggttce ccaagggcat ttggetcaac ctaagtaaga 


tgaccaccgsa tggggacaca 
2006 
atccagaceg acggtgtgat 


tgcgggagayg ggacttgece 


2250 
ccacgggtct gugacacact 


agtgggagte ttcactggec 


2450 
CTC CAC GAC TTT AGA CAT CAA ATC OTG CAG ACA 
Leu His Asp Phe Arg His Gin Ile Leu Gin The 


ctagaucata gagattacae 


teccegattt cataggasag 


2800 
agtctaasag tgastttaga 


agagaceaag tggtcagtgg 


CAG TCC ATC ACT TTT 
Gin Ser Xie Thr Phe 


- 


AGC TTC GIG 
Ser Fhe Val 


ANG 
Lyo 


AAG 
Lys 


TAC ACC AAC 
Tyr The Aen 


TGG 
Trp 


TAC 
Tyr 


TAC TCC MGA 
Tyt Ser Arg 


CTG 
Leu 


acc 
Thr 


TUCTAGAACT CCCTTECAAT 
3556 
ACTCOCOMRG CAAACTCTCE 


CAGCAGTGAG GTCTTGGGGT 


TAATGACAGA GAGAGGCAGA 
3900 
AGANGGCCAG GTAGTIGTIC 


COTAGGCOTC TAGGTGACCT 

4156 
GCCTOMG CTT TCICCTEICA 
TTTTCCCAGA GCTTATGTCT 


TATIGACTGA GCACCTATCA 


4500 HADAIII 
AAGGACACTG AAGCTIGGAG 


CTGAGCIGAA TAANGATGAT 


4750 
ctétgagece cacttgectg 


GAT GCC ATT 
Aap Ala Ile 


Tyr Aen The 


GGA GGG GAG 
Arg Gly Glu Pro 


ATC TGT GAG 
Ile Cys Glu 


ataggcatge acatgcaggt 
2700 

casgttetet atetgecttg 

aaactgcaat tygaagagga 


2950 
ectgaccegg actectctge 


gaggataage 


1369 
etgagtcagg totgggatga 


caggagccee acagacagayg 
2150 


cacagaggceg ggcagacags 


ggaatcttgt ggaccetcty 


tgecectcct tctytgtgygg 


1600 
ttgagggaga 


gqgacegcac 


gggaactttyg 
aceccctegag 
agaetaggte 

2400 


qcactctcca 


2500 


1850 


~agctgaggt gtetggygag tgtggtcaca attcagzjgas aggcaggtgt 


1950 


toggaggcag gggegecatg tcctgggatg gaggcectgg ggctgtctga 


2150 


aagctcagag cggtaagcaa gtccatcagg gcagtgcaga gageatcatg 


2200 


gacaagagca qgaaagagga caaggggtgg gggtctcage aggggcaagg 


2300 


tggtggcegee taacaycaat geaaagggcag agttccagga ttgeagatgg 


cag GG Crt C 


GC? CAT CTA GAT GAG GAG CIC CAA GCC ACA 


ly Leu Pro} Ala Hie Leu Asp Glu Glu Lev Gin Ala Thr 


2550 


aGG GGA G gqtsagggga caccetggge tcacggggta ggagtttcce acasattcce ctcattctcs gcaccagett 


Arg Gly A 
2609 


2658 


cttggggesa ggaattigacg cttgcttttc ttgatgtctt ttgeatggcee cagaggagac agaagcagac acaattcact 


2750 


EcoRI 
ctttccactg aattcacagg maattgcacc atttctggca ataagtaatt gttacttagg tgaatgaata aatggaggag 


2850 


2900 


agagaagaca Cagagagagg cagagatgga gagactgggg aqgaatetgqgt agcagagace ccaggtygagy gaggtggett 


3000 


tctcag CC CTC AGT CMG CAG GGC TCC ATA ATG ACA GTA GGA GAG AAG GTC TTC TCC AGC AAT GGG 
la Leu Sec Leu Gin Gly Ser Ile MET The Val Gly Glu Lye Val Phe Ser Ser Asn Gly 


3050 


CAG GAG GCA 
Gin Glu Ala 


Tyr Ala Tyr 


CCC GCA GGT 


Ala Gly 

TTC TGA 

Phe . 
EcoRI 3450 

AGAATTCCAC TG TGUGCTAT 
CAGCACTGCA CCCCAGGCAG 


AGAAGGACCE TCCAAAGTCA 


3600 
CTTCGGGGAA GCCOIGACTG 


CAGCAGGGTG GTGGCCAAGC 


4050 
AGAGCOGCCT TCAGATOTGA 


TGT GCC AGA GCA GGC GSC OGC ATT GCT GTC CCA AGG AAT CCA GAG GAA AAT 
Cya Ala Arg Ala Gly Gly Arg Ile Ala Val Pro Arg Aan Pro Glu Glu Asn 


3130 


3250 


ŒG GGA AAA GAG CAG TGT GTG GAG ATG TAC ACA GAT GGG CAG TGG AAT GAC 


TAC AAC ACA TAT GCC TAT GTA GGC CTG ACT GAG GGT CCC AGC CCT GGA GAC TTC (NC TAC TCA GAC GGZ 
Val Gly Leu Thr Glo Gly Pro Ser Pro Gly Aap Phe Arg Tyr Ser Asp Gly 


3196 


3200 


GAG GCC ATT GCA 
Glu Ala Xie Ala 


ACC CCT GTA AAC 
Thr Pro Val Aan 


3300 


AGG AAC TGC CTG 


Arg Gly Lys Glu Gin Cys Val Glu MET Tyr Thr Asp Gly Gln Trp Asn Asp Arg Asn Cys Leu 


3330 3400 
GAGGCAT TTAGGCCAIG, GGACAGGGAG GACGCTCTCC TIGTOGGCOE CCATCCTGAG GCTCCACPR GTCTGTGAGA 


TGGGACTGGA GGCACCOTTA GCCACTICAT 


CCACTCTTAG 
3700 


COPmsccers 


3590 
OGACATGAGA 


CACAAAGTGC CTGCOTCCTG GTCCCCTCAG 


TGCAGAGCTA AGGACACAG'T 
i 3950 
CAACCCCATG ATTGATGRGT 


CCOGAGTAAC TITCAACTGA 


GGAGATTCTC 


ACGATTCACT 


TOAACAAATC 
4200 


TTAATCCATT CACCCAGATA TTTCATTAAA ATTATCAQCGT GCCAGGTCTT 


4366 


TCATCTGTGA AATGGGAATA AGATACITGT TGCIGICACA GTTATTACCA 


4400 
TTIGCCAAGA ACCTIGACAA GCACTTCTAA TACAGCATAT TATGTACTAT 


GAGTTAAATG TEPIGAGTAT 
4650 


Hindi ty 
TTAM CTA taadtcgtga 
4 


aagattggss attcaatctc 


4550 
TATTCCAGAG 


3400 
TCCTCIGATS GGCCONACT 
TEGACCCOTS CTTATTOCCOC 


CTCTCICTCE GCAACCCAGT 


3850 
TGGCACTCTG AGGTOTCHGT 
CCTTIGAGTC PMIGAATGGC 
4100 
TGCACCCTAC TRCAGATTTC 
AGGATATGTC GIGGGGTINGG 


TOCCCCCAGC TACCAAARATT 


4450 
TCAATCTICA CACAATGTCA 


atgtgttcac atgagtttce atagctttgg ttccaagaas tatcacattt 


Bindiir 
aggatgtg ... (1100 bp) ... aagett 


CTTCCCCATA ATCACTOGAC 
ATCTGGTCCA GTTcertcac 


3750 
GCCATCAGGA TGAGCAATCC 


GGCAGGCCTG GTCAGGCTCT 

4000 
AACTCAGCCC CCIGACCTGA 
AGTGGGCATT CACATCACCC 
CAAGGTAATC AGTGACAGT? 


4355 
ACTACCAGAA CIGTTACTAT 


QGGGACCAGT ATIGTYTCCr 
4600 


BasEl HindIII 
AGCAAGTGGC AGAGGCTGGA TCCAAACCCA TCTTCCIGGA CCTGAAGCTT ATGCTTCCAG 


ctgtattttt gtaaatcaaa 


CAG CCPTGAC 
3656 
PTACAGATGS 


SGGCCAAGCA 


CCATGAGGTT 
AGACAGCCAG 
CCACACCACT 

4256 
GAAGATT TTY 
ACACAGAGGC 
CATITITTAT 


COPCCCACTC 


tgaactctga 


Fig.2 Nucleotide sequence of 
human PSAP gene Nucleotides are 
numbered from the first BamHI site. 
Flanking, untranslated and interven- 
ing sequences are represented by 
lower-case letters, and coding 
sequences by upper-case letters. The 
derived amino-acid sequence 1s 
shown below the appropriate 
codons. Restriction enzyme recogni- 
tion sites are indicated above the 
sequence. The TATAAA box starting 
at nucleotide 128 and the two poly- 
adenylation signals (AATAAA) at 
nucleotides 4,619 and 4,639 are 
boxed The region containing the 
presumptive transcription start site 1s 
outlined between the vertical arrows. 
The poly(A): addition site at nucleo- 
tide 4,637 is indicated by an arrow. 
* Indicates single nucleotide 
differences between the human gene 
sequence and the human PSAP 
cDNA sequence. A potential binding 
site for the glucocorticoid hormone- 
receptor complex starting at nucleo- 
tide 28 is underlined as is the glycosy- 
lation site at amino-acid residue 198. 
The amino-terminal amino acid 
(Glu) at residue 21 seen in human 
alveolar proteinosis protein is indi- 
cated by a solid triangle and the col- 
lagen-like region is bracketed. 

Methods. Subcloned BamHI frag- 
ments of the human PSAP gene 
(Fig. 1) were mapped by restriction 
enzyme analysis, and appropriate 
DNA fragments were purified and 
subcloned into phage M13 vectors 
mp8 and mp9 for dideoxy sequenc- 
ing. The entire sequence of the inserts 
was determined in both orientations. 
Splice sites were confirmed by 
nucleotide sequence analysis of the 
cDNA clones, HS-2 and HS-5. The 
position of the polyadenylation site 
was determined by S, nuclease 
analysis'* of adult human lung RNA, 
using a °*P-labelled DNA probe 
derived from the cloned human 

PSAP gene. 
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genes known to be regulated by glucocorticoids'*"'*. Extensive 
in vivo'®'’ and in vitro'®*° evidence suggests that glucocor- 
ticoids regulate surfactant synthesis. Smith and co-workers have 
recently shown that*"*? glucocorticoids indirectly enhance the 
synthesis of surfactant phospholipids in type II alveolar cells, 
but the effect of the steroid hormone on the synthesis of the 
protein motety of surfactant was not examined. The presence 
of a potential glucocorticoid receptor binding site in close 
proximity to the PSAP gene could suggest that this protein is 
directly regulated by glucocorticoids. 

The 248-amino-acid sequence deduced by the single open 
reading frame of the human PSAP cDNA clones is also encoded 
by the genomic isolate. The most striking feature of human 
PSAP is the collagen-like region characterized by reiterations 
of Gly-X-Y triplets where Y is frequently a proline hydroxylated 
post-translationally”’. Twenty collagen-like repeating triplets are 
encoded on three exons (Figs 1, 2). Exon III is composed almost 
exclusively of Gly-X-Y repeats (12 triplets out of a possible 13) 
and hence is similar in genetic structure to collagen genes, which 
are made up of many short exons each usually containing just 
6 Gly-X-Y repeats but occasionally containing 12 repeats”. The 
distinct structural similarity of PSAP to collagen suggests that 
these genes, or portions of them, are evolutionary related. PSAP 
may, therefore, be a member of the collagen-like gene family 
which includes acetylcholinesterase”* and Clq of complement”, 
both of which are distinguished by Gly-X-Y repeating triplets. 
Four nucleotide differences exist between the cDNA and gene 
sequences. One of these changes is silent. Three other changes 
alter codon choice; the three alternative codons all occur in the 
second or third position of Gly-X-Y triplets (Fig.2). The 
observed differences presumably reflect individual allelic vari- 
ation, polymorphic or multiple genes. 

The 22-residue amino-acid sequence derived from the N- 
terminus of a 32K protein isolated from lung lavage of a 
patient with alveolar proteinosis corresponds exactly with a 
segment of the protein sequence encoded by the PSAP clones 
that begins with predicted amino-acid 21 (Fig. 2). This perfect 
sequence homology indicates that the glycoprotein present in 
excess in patients with alveolar proteinosis”® is identical to PSAP 
secreted in normal lungs, and we infer that the N-terminal amino 
acid of mature human PSAP is the glutamic acid predicted at 
residue 21. A recent study of peptide maps by Whitsett et al.’ 
demonstrated homology of alveolar proteinosis protein and 
human PSAP isolated from lung lavage. Similar to canine PSAP®, 
the N-terminus of mature human PSAP is preceded by a highly 
hydrophobic signal sequence that tags the protein to be pro- 
cessed for secretion’. Lynn has proposed”? that the 32K 
alveolar proteinosis protein is derived from a larger precursor. 
Because PSAP and the alveolar proteinosis protein seem to be 
identical and as the human PSAP gene encodes an unmodified 
protein of ~28K which has been confirmed by in vitro transla- 
tion of adult lung mRNA (ref. 30 and our unpublished observa- 
tions), we find it unlikely that the alveolar proteinosis protein 
is contained within a larger precursor. While there are 
similarities (molecular size, glycosylation, hydroxylation of pro- 
lines) between human PSAP and the protein described by Lynn 
and co-workers, it is evident from amino-acid sequence com- 
parison that they are not identical. 

We have recently demonstrated that, as a result of variable 
glycosylation®’, canine PSAP is heterogeneous with respect to 
relative molecular mass (36-28K). Our own observations indi- 
cate a similar heterogeneity in the human protein, which appears 
as a complex of proteins with the 32K protein being the major 
species when examined by SDS-polyacrylamide gel electro- 
phoresis. The protein sequence of human PSAP as deduced 
from the nucleotide sequence contains a site for N-linked gly- 
cosylation (Asn 198, Fig. 2) based on the consensus glycosyla- 
tion site Asn-X-Ser/Thr (ref. 32). 

Benson and coworkers’ have demonstrated that purified 
canine PSAP when added to synthetic lipids in the presence of 
calcium ions generates a mixture with both surface spreading 
and surface lowering capabilities. We are presently expressing 
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the human PSAP gene and plan to test the recombinant protein 
both in vitro and in vivo for activity. 
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The development of methods for introducing foreign genes into 
the germ line of mice provides an approach for studying mechan- 
isms underlying inducible and developmental gene regulation’. 
Transgenic animals expressing foreign genes have thus been used 
to test models of the role played by specific DNA sequences in 
determining cell-specific expression. Results from these experi- 
ments suggest that tissue-specific expression is the consequence of 
a cis-acting regulatory sequence**'. However, these results do not 
exclude the possibility that cell-specific expression of some genes 
might be ‘coded’ by combinations of regulatory elements. We have 
previously described the production of transgenic mice from eggs 
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microinjected with metallothionein-I/growth hormone (MGH) 
fusion genes'”, and now demonstrate that the juxtaposition of 
sequences from two different genes can be deciphered by cells to 
generate novel tissue specificities. Although expression of the 
endogenous metallothionein and growth hormone genes has not 
been detected in neuronal cells, transgenic mice clearly express 
an MGH fusion gene in a restricted subset of neurones. These 
results suggest a model in which tissue-specific patterns of 
expression of certain genes are determined by combinations of 
cis-acting regulatory sequences. 

For the plasmids used in the present experiments, the struc- 
tural part of the growth hormone (GH) gene was fused to the 
promoter region of the mouse metallothionein-I (MT-I) gene 
(Fig. 1a; refs 12, 13), and it was anticipated that the fusion gene 
would be expressed in tissues in which endogenous levels of 
metallothionein are high, for example the liver (Fig. 1b, c). It 
was, therefore, unexpected to find in transgenic animals excep- 
tionally high levels of the fusion gene expressed in the brain, a 
tissue normally expressing low levels of MT and no GH (Fig. 1c). 
These findings led us to examine in more detail the cellular 
distribution of fusion gene expression, and to determine whether 
this specificity is a consequence of sequences within the gene 
or the site of insertion in the genome. 

Initial exploration led to the surprising observation that the 
expression of the fusion gene was highly restricted to several 
anatomically defined areas of the brain. The most obvious pat- 
tern of cell staining was observed in the hypothalamus: 
immunopositive cells were concentrated in three parts of the 
hypothalamus including the large neurones in the paraven- 
tricular and supraoptic nuclei (Fig. 2a, b). These cells almost 
certainly synthesize oxytocin or vasopressin, project to the pos- 
terior pituitary and are involved in the integration of neuroendo- 
crine and autonomic responses”. In addition, small cells in the 
suprachiasmatic nucleus were even more brightly stained, and 
scattered large neurones were seen throughout many parts of 
the hypothalamus. In all cases, neuronal staining was blocked 
by the addition of rat GH (rGH) to both of the anti-GH sera 
used. No glial or vascular cell types were stained. Identical 
results were observed with eight animals from five generations 
of a single transgenic parent (MGH-10 in ref. 12), demonstrating 
that the MGH fusion gene 1s consistently expressed in specific 
subpopulations of neurones in the brains of this pedigree 

The prominent but highly restricted expression of the MGH 
gene in the hypothalamus led us to examine possible expression 
in other areas of the brain. Unexpectedly, specific immunostain- 
ing was observed in several areas including regions of the 
neocortex, hippocampus and olfactory cortex in the MGH-10 
pedigree. Each animal examined showed a similar pattern of 
GH immunostaining that was greatly enhanced by colchicine 
pretreatment, which blocks axonal transport and leads to 
accumulation of peptides in cell bodies. 

Immunoreactive pyramidal cells restricted to layer V of the 
neocortex (Fig.2d) were found in all animals expressing the 
fusion gene in liver and hypothalamus. The cortex is broadly 
divided into six layers with unique cell types that are mor- 
phologically and physiologically distinct. The hypothalamus 
and neocortex are extensively interconnected with a ring of 
forebrain structures called the limbic region, which is broadly 
concerned with the maintenance of homoeostasis and includes 
the complex structure of the hippocampal formation. In the 
brains of transgenic mice, specific immunostaining was seen in 
the pyramidal cells of hippocampal field CA3 (Fig. 2c), which 
is a region dominated by mossy fibre afferents from the adjacent 
dentate gyrus. Pyramidal cells in the other hippocampal fields 
(CA1, 2 and 4) were negative, although some interneurones 
were stained. 

Neurones in several other areas of the brain consistently 
express the fusion gene; these include cells in layer II of the 
olfactory cortex, the central nucleus of the amygdala, the pars 
compacta of the substantia nigra and adjacent parts of the ventral 
tegmental area, and finally, the dorsal motor nucleus of the 
_ vagus nerve. 
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Fig. 1 Structure and expression of metallothionein-growth hor- 
mone (MGH) fusion genes. a, Restriction fragments from MGH 
fusion genes that were injected into the male pronucleus of fertil- 
ized eggs Terminal restriction enzyme sites are indicated The 
genes are aligned according to the MT-GH fusion boundary Solid 
boxes are exons, open boxes are intervening sequences and solid 
lines are flanking chromosomal sequences. b, Relative amount of 
MT RNA in livers and brains of transgenic (1 and 2) and normal 
control (3) mice, as detected by slot-blot hybridization with nick- 
translated MT-I complementary DNA as probe çc, Relative levels 
of GH RNA in livers and brains of transgenic (1 and 2) and normal 
(3) mice Rat growth hormone cDNA was used as probe. 

Methods. The MGH-10 pedigree was established from a single 
founder mouse’” and has been maintained continuously for 3 years 
The fusion gene is inherited as a single autosomal dominant allele. 
Two transgenic mice from the MGH-10 pedigree and one non- 
transgenic littermate were maintained on 76mM ZnSO, in their 
drinking water for 1 week to induce maximally’ heavy metal- 
dependent MT and MGH gene expression The animals were killed 
and total RNA was prepared from the livers and brains. For 
quantitation, samples were denatured ın formaldehyde and 0.5, 5 
and 10 ug of RNA from each tissue were slot-blotted onto nitrocel- 
lulose. The blot with 05 yg of RNA was hybridized with 5x 
10°c.p.m ml7' of a nick-translated 18S RNA genomic clone to 
ensure that we were applying equivalent amounts of RNA from 
each animal. The blot with 5 pg of RNA per slot was hybridized 
with a nick-translated DNA fragment containing the MT gene at 
2x10°c.pm ml! (ref 17) The blot with 10 yg of RNA was 
probed with a nick-translated rat GH cDNA fragment!® at 2x 
10°c p.m ml7!. The blots were hybridized and exposed to X-ray 
film, and bands were quantitated by scanning densitometry with 
a Helena optical densitometer. Results are reported as relative 
levels, arbitrarily assigning the liver of animal 1 at 10 In this 
pedigree the fusion gene was almost exactly twofold more tran- 

scriptionally active than the endogenous MT-I gene’? 


In situ hybridization studies were initiated to examine 
independently the expression of the MGH gene. The regions of 
most intense immunoreactivity (paraventricular nucleus and 
suprachiasmatic nucleus) were also the most intensely reactive 
by hybridization analysis with growth hormone probes. Tissue 
sections from non-transgenic animals were completely negative. 
Figure 3 shows both in situ analyses and a schematic representa- 
tion of the remarkably discrete neural expression of the fusion 
gene. 

To determine whether the site of chromosomal integration 
has a critical role in determining the pattern of MGH expression 
in neurones, five other integrations of the MT-rGH gene into 
hybrid mouse strains'*, one into the dwarf (lit) mouse’’, and 
two integrations of the MT-hGH gene’, were examined in 11 
animals. In each brain, the pattern of GH immunostaining ın 
the hypothalamus was examined in detail, and was identical to 
that described for the MGH-10 pedigree, although the intensity 
of staining was variable. 

These data suggest strongly that the precise site of integration 
into the genome does not have a critical role in determining 
which neurones in the brain express the fusion gene, although 
it could influence the relative level of gene expression. 

If sequences ın the MT promoter determine the specific pattern 
of MGH gene expression in the brain of transgenic mice, 
expression of the endogenous MT-I gene should have an iden- 
tical distribution. Antiserum to rat MT-I consistently stained 
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Fig. 2 a,b, Frontal sections through the hypothalamus of an 
MGH-10 animal. Large neurones in the paraventricular (a) and 
supraoptic (b) nuclei stained with an antiserum to mouse growth 
hormone. Small bright patches of staining outside the nuclei were 
autofluorescent, and cannot be distinguished from specific 
immunofluorescence in these black-and-white photomicrographs. 
x75. c, Growth hormone immunostaining in cell bodies in the 
hippocampus is confined to the pyramidal cell layer in field CA3, 
and to the region of interneurones in the hilus of the dentate gyrus 
(DG), and in fields CAl and CA3. The arrowhead shows the 
boundary between fields CA1 and CA2; the fimbria is in the lower 
left-hand corner. x38. d, Stained pyramidal cell bodies in layer V 
of the junctional region between the somatic sensory (upper half) 
and motor (lower half) cortex on the left side of the brain. The 
corpus collosum is to the far left and the pial surface is to the 
right. x38. 

Methods. Animals were deeply anaesthetized with an intra- 
peritoneal injection of chloral hydrate, and perfused through the 
heart according to a modified pH change method that uses 
mixtures of paraformaldehyde and glutaraldehyde at 4°C'’. This 
method was specifically designed for cytoplasmic proteins such as 
metallothionein, and for peptides*’. The brains and livers were 
postfixed overnight in 4% paraformaldehyde/0.1% glutaraldehyde 
(pH 9.5) with 15% sucrose. The tissue was frozen with dry ice and 
20-4.m-thick sections were cut on a sliding microtome and collected 
in ice-cold potassium phosphate-buffered saline (KPBS). Free- 
floating sections were then processed for indirect immunofluores- 
cence, using conventional methods described in detail elsewhere'”. 
Stained sections were mounted on glass slides, coverslipped with 
glycerol (pH 8.6), and viewed with a Leitz Dialux 20 fluorescence 
microscope equipped with Ploem illumination and a 100 W Hg 
light source. Five antisera to growth hormone were used. Three 
antisera raised in monkey against rGH were provided by Dr A. F. 
Parlow (Harbor-UCLA Medical Center, Torrance, California): 
one (NIH,) was used at a dilution of 1: 400, another (NIH,) was 
used at a dilution of 1;4,000, and a third (LA) at a dilution of 
1:4,000. The fourth antiserum was raised in a monkey against 
mouse GH, and was provided by Dr W. P. Vanderlaan (Whittier 
Institute, La Jolla, California); it was used at a dilution of 1:400 
and showed the same staining pattern as the anti-rGH sera. The 
fifth antiserum, also given by Dr W. P. Vanderlaan, was raised in 
a rabbit against human GH, and was used at a dilution of 1: 10,000. 
Three of these antisera showed no immunostaining in the brain or 
liver of control mice and rats, and staining in transgenic mice was 
completely blocked by the addition of 100 pg of GH to a 1:400 
dilution of the antiserum. All the transgenic mice with a rGH 
fusion gene were stained with the anti-mouse GH serum, and the 
staining pattern in the brains described in the text was not affected 
by the addition of 100 pg of synthetic vasopressin or oxytocin 
(Sigma) to a 1: 400 dilution of the antiserum. All antisera to mouse 
or rat GH gave the same staining pattern as judged on adjacent 
sections. An antiserum raised in a rabbit to rat liver metallothion- 
ein-I was supplied by Dr P. C. Huang (Johns Hopkins University), 
and was used at a dilution of 1:2,500. Staining in the liver and 
brain was considerably reduced by the addition of 20 ug of MT-I 
to a 1: 2,500 dilution of the antiserum*'. Secondary antisera raised 
in goats included an affinity-purified, anti-rabbit IgG conjugated 
with fluorescein, purchased from Tago (Burlingame, Louisiana) 
(1: 200 dilution); an anti-monkey IgG conjugated with fluorescein, 
from Cappel (Malvern, Pennsylvania) (1:200 dilution); and 
affinity-purified anti-mouse IgG conjugated with either fluorescein 
or rhodamine, purchased from American Qualex (La Mirada, 

California) (1: 100 dilution), 
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Fig. 3 Summary of the discrete neuronal localization (dots) of 
GH immunostaining and in situ hybridization in a frontal section 
through the forebrain of a rodent. The upper inset shows that while 
the cerebral cortex contains many cell types that are distributed 
through six layers, unequivocal GH staining is confined to large 
pyramidal cells (black region) in layer V. The lower inset shows 
the discrete hybridization of a single-stranded GH probe to a 
coronal section of the hypothalamus of a transgenic mouse. 
Abbreviations: AHA, anterior hypothalamic area; CeA, central 
nucleus of the amygdala; HIP, hippocampus; LHA, lateral 
hypothalamic area; PIR, piriform cortex; PVH, paraventricular 
nucleus; SCH, suprachiasmatic nucleus; SO, supraoptic nucleus; 
THAL, thalamus. 

Methods. Tissue was fixed as described in Fig. 2 legend. Sections 
(20 um) were mounted on chrome alum-subbed slides'”, air-dried, 
digested for 30 min at 37 °C with 1 pg ml proteinase K, acetylated 
for 10 min at room temperature with 0.25% acetic anhydride in 
0.1 M triethanolamine pH 8.0, and dehydrated with ethanol. Slides 
were hybridized with a single-stranded RNA probe prepared from 
a SP6 vector containing a GH cDNA insert. Sections were exposed 
to 10° c.p.m. ml™! at 48 °C for 16 h****; washes included treatment 
with 20 ug ml~' RNase A at 37°C for 30 min and incubation in 
0.1 SSC at 48 °C for 30 min. Dehydrated slides were exposed to 

(Kodak) XAR film at 4°C for 14 days before developing. 


small cells with the appearance of astrocytes in all parts of the 
white and grey matter, both in normal and transgenic animals; 
this tentative identification was confirmed in double immuno- 
staining experiments with a monoclonal antibody'® to the 
astrocyte marker, S-100, and a polyclonal antiserum (raised in 
rabbit) to MT-I. Essentially all cells were doubly labelled in this 
material (Fig. 4), and no evidence for MT staining of neurones 
was obtained. These results indicate that although the fusion 
gene and MT-I appear to be co-expressed in hepatocytes, their 
expression is independently regulated in the brain. 

Because the neurones that express the MGH gene are not 
thought to share a common developmental precursor, do not 
appear to use a Common neurotransmitter, and do not manifest 
functional or cytological similarities, there is at present no 
obvious explanation for the fact that the fusion gene is coordin- 
ately expressed in these particular neurones. It should be noted, 
however, that many neuropeptides are also expressed in multiple 
regions of the central nervous system with no obvious explana- 
tion for the origin of the wide variety of patterns observed. 

Our results show that the integration sites of the fusion genes 
do not seem to control the neuronal specificity because the 
pattern of fusion gene expression was identical in the brains of 
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Fig. 4 Co-localization of metallothionein (MT) and the astrocyte- 
specific marker protein S-100 in the same section through the 
corpus callosum (a fibre tract) of an MGH-10 animal. The section 
was incubated in a mixture of a rabbit antiserum to MT and a 
mouse monoclonal antibody to S-100. MT and S-100 were revealed 


with a fluorescein-conjugated secondary antiserum and a 

rhodamine-conjugated secondary antiserum, respectively. The con- 

trol (CON) panel shows the corpus callosum after incubation in 
anti-MT serum that was blocked by the addition of MT. x216. 


unrelated transgenic animals. We have further examined the 
role of the MT-I promoter in directing independently the 
neuronal specificity by fusing it to other genes. We have recently 
described the generation of transgenic mice harbouring MT-I 
linked to the structural gene encoding human growth hormone 
releasing factor™*; although this fusion gene is efficiently 
expressed in visceral tissues, no evidence for discrete neuronal 
expression has been found, suggesting that neuronal expression 
is not simply a consequence of the intrinsic specificity of the 
metallothionein promoter. 

Because metallothionein expression in the brain fails to co- 
localize with expression of the fusion gene, it is tempting to 
propose a model that requires sequences within both the 5' 
flanking and the 3’ structural regions of the fusion gene for the 
observed cellular specificity. According to this hypothesis, 
sequences present in downstream regions of the growth hormone 
gene are capable of promoting expression outside the anterior 
pituitary. 

Whatever structural elements are finally identified, the results 
presented here suggest a model in which developmental 
expression of some genes may be coded by specific combinations 
of regulatory sequences. Thus, alterations of unique combina- 
tions could alter the patterns of gene expression. Similarly, 
association of the regulatory sequences from multiple genes 
could generate novel specificities such as those observed here 
with the MGH fusion gene. One advantage of such com- 
binatorial regulation would be that it would allow for adaptation, 
acquisition and expansion of tissue specificity by events that 
alter the combination of developmental sequences. Such a model 
would imply that a relatively limited number of such sequences 
and factors could yield a large and diverse range of tissue 
specificities. 
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Lentiviruses are a subfamily of retroviruses which have been 
aetiologically linked to the induction of arthritis, encephalitis, 
progressive pneumonia and slow neurological diseases in certain 
species’. Relatively little is known about their genome structure, 
mechanisms of pathogenesis or evolutionary relationships with 
other retroviral subfamilies. In an effort to understand better the 
mechanisms by which these viruses induce such a variety of chronic 
diseases, we have molecularly cloned and physically characterized 
the genomes of caprine arthritis-encephalitis virus (CAEV)? and 
equine infectious anaemia virus (EIAV) (A.Y. et al., in prepar- 
ation). The latter, which bears some morphological similarity to 
the lentiviruses, has yet to be classified definitively as one’. Here, 
we have determined the nucleotide sequence of a highly conserved 
region within the CAEV and EIAV pol genes. We demonstrate a 
much closer relationship of their predicted pol gene products to 
that of the presumed aetiological agent of human acquired immune 
deficiency syndrome (AIDS) than to those of other retroviruses. 
Additional pairwise comparisons allowed us to generate an 
evolutionary tree showing that the pol genes of lentiviruses and 
oncoviruses have evolved from a common progenitor. 

Previous studies have indicated that the pol gene is highly 
conserved among oncoviral genomes*”. For example, molecular 
hybridization studies have revealed that a 5’ pol gene segment 
of mouse mammary tumour virus (MMTV), a prototype type B 
retrovirus, detects corresponding regions of viruses representing 
each of the major oncoviral genera*. Recently, we have shown 
that this MMTV segment detects homologous sequences within 
the cloned CAEV genome also”. We extended these findings, 
localizing by reciprocal hybridization the regions within both 
CAEV and EIAV genomes that shared homology with this 
MMTV pol sequence (data not shown). These homologous 
regions were used as landmarks for nucleotide sequencing aimed 
at determining the evolutionary relationships of CAEV and 
EIAV with other retroviruses. 

The 217 amino-acid stretches deduced for the CAEV and 
EIAV pol genes are shown in Fig. 1. The two sequences were 
compared by using the PRTALN program of Wilbur and Lip- 
man”. These sequences were compared with analogous regions 
of MMTV (K. Dean, personal communication), as well as pro- 
totype mammalian type C (Moloney murine leukaemia virus, 





* Present addresses: Meloy Laboratories Inc, Revlon Health Care, 6715 Electronic Drive, 
Springfield, Virginia 22151, USA(1.-M.C.)}; Department of Human Microbiology, Sackler School 
of Medicine, Tel Aviv University, Tel Aviv 69978, Israel (A.Y., A.G.). 
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Fig. 1 The alignment of predicted amino-acid sequences encoded by the pol genes of CAEV, EIAV, HTLV-I, HTLV-II, HTLV-I, BLV, 
MMTV, RSV and M-MuLV. The sequences were aligned by the PRTALN program of Wilbur and Lipman®. The gaps were introduced to 
achieve maximum alignment. Amino acids identical to those of either CAEV or EIAV are shaded. The nucleotide sequences of CAEV and 
EIAV, from which the amino acids are derived, have been deposited in the NIH Nucleic Acid Sequence Data Bank and are available through 
GENBANK. There is a stretch of 65 nucleotides in MMTV that shows 80% and 70% sequence identity with EIAV and CAEV, respectively, 
within the homologous regions. This is the most likely explanation for the hybridization observed. The numbering shown at the beginning of 
each amino-acid sequence corresponds to that given by the original authors. The symbols for the amino acids are: A, alanine; R, arginine; 
N, asparagine; D, aspartic acid; C, cysteine; E, glutamic acid; Q, glutamine; G, glycine; H, histidine; I, isoleucine; L, leucine; K, lysine; M, 
methionine; F, phenylalanine; P, proline; S, serine; T, threonine; W, tryptophan; Y, tyrosine; and V, valine. Asterisks indicate the presence 
of the same amino acid in each sequence. 


M-MuLV)’, and avian type C (Rous sarcoma virus, RSV) 
oncoviruses. In addition, we compared these sequences with the 
as yet unclassified bovine leukaemia virus (BLV)?'°, human 
T-cell leukaemia viruses HTLV-I'' and -II'’, and the presumed 
aetiological agent of AIDS'*"'®, HTLV-II. 

Figure 1 shows an alignment of all of the pol gene sequences; 
it was necessary to introduce gaps to achieve optimum align- 
ment; however, the gaps were located in the same relative 
positions. The alignment starts relative to the amino-terminal 
residue of the BLV reverse transcriptase”'’. As the boundaries 
of the open reading frames for CAEV and EIAV pol genes have 
not been established, we arbitrarily assigned the amino acid 
corresponding to the N-terminal residue of the BLV reverse 


transcriptase as their respective first amino acids (see Fig. 1). 
The NH, termini of the pol gene products of HTLV-I'', MMTV 


(K. Dean, personal communication) and RSV* are within 30- ~ 


amino acids upstream from that shown in Fig. 1. AIDS retro- 
virus'*"'°, HTLV-II’? and M-MuLV’ pol genes encode > 100 


additional amino acids upstream from this point. In the case of y % 5 
M-MuLV, this upstream region encodes a protease responsible = 


for cleavage of gag gene products”. 

As shown in Fig. 1, the pol gene sequences of CAEV, EIAV 
and HTLV-III were found to be significantly more similar to 
each other than to any of the other retroviral sequences analysed. 
Thus, in each pairwise comparison between CAEV, EIAV and 
HTLV-II, there was over 50% amino-acid sequence identity 





Table 1 Sequence similarity at the amino-terminal regions of retroviral reverse transcriptases 





CAEV EIAV HTLV-II 


CAEV $1.2 51.8 29.4 
EIAV 52.8 31.2 
HTLV-II 29.3 


HTLV-H 
HTLV-I 
BLV 
MMTV 
RSV 


HTLV-I 





HTLV-I BLY MMTV RSV M-MuLV 
30.4 28.0 30.4 32.2 22.3 
30.0 28.2 33.6 33.1 28.6 
29.2 26.0 31.6 35.8 25.4 

[75.9 53.7 39.8 37.0 32.6 
51.8 39.4 38.9 32.6 

35.6 34.2 29.8 

30.3 


32.1 





- The percentage sequence identity value shown for each pair of retroviruses was obtained from the pairwise amino-acid sequence alignments 


‘shown in Fig. 1. 
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Fig. 2 Evolutionary tree of retroviral pol genes. The tree was 

constructed based on the percentage homology shown in Table 1 

for each pair of retroviruses. The distances between the branch- 

points do not reflect actual divergence times. HTLV-I, LAV 

(lymphadenopathy-associated virus) and ARV (AIDS-associated 

retrovirus) are prototype AIDS retroviruses; IAP, intracisternal 
A-particle. 


(Table 1). The homology among different AIDS retrovirus iso- 
lates in this region is >99% (refs 13-16). In contrast, we found 
no more than 36% sequence similarity when the other retroviral 
pol gene sequences were compared with those of either CAEV, 
EIAY or the AIDS retroviruses (Table 1). The predicted pol 
gene product of HTLV-III, the prototype AIDS retrovirus, was 
no more related to that of HTLV-II (29.3%), HTLV-I (29.2%) 
or BLV (26.0% ), than to that of RSV (35.8% ) or MMTV (31.6% ). 
By comparison, the predicted pol gene products of two members 
of the HTLV family, HTLV-I and HTLV-II, exhibited 75.9% 
homology. Using the same computer analysis’, there were only 
short stretches of very limited amino-acid sequence homology 
between HTLV-II and the genomes of oncoviruses in regions 
outside their pol genes. 

Table 1 also illustrates other examples of relatively higher pol 
gene homology such as that between BLV and HTLV-I (51.8%) 
or HTLV-II (53.7%), and that between MMTV and RSV 
(47.7% ). To further substantiate the notion that higher degrees 
of homology observed between certain retroviral 5’ pol gene 
sequences reflected their closer evolutionary relationships, we 
compared available sequences for the 3’ regions of their pol 
genes. Analogous results were derived from such comparisons. 
HTLV-I and BLV show significantly greater homology (45%) 
as do MMTV and RSV (39.2%) in their 3’ pol gene regions’. 
The squirrel monkey retrovirus (SMRV)'*, a prototype mam- 
malian type D virus, also exhibits much closer homology to 
both MMTV and RSV in its 3’ pol region*. We have shown 
previously by nucleic acid hybridization that the pol gene of the 
intracisternal A-particle, the prototype type A viral genome, is 
more closely related to the pol genes of MMTV, SMRV and 
RSV than to those of other oncoviruses'”. Based on all these 
findings, we were able to construct an evolutionary tree in which 
retroviral pol genes derive from a common progenitor (Fig. 2). 

The 3’ domain of the RSV pol gene encodes endonuclease 
and DNA binding activities*’. The demonstration of highly 
conserved regions at the 3’ pol terminus** made it possible, 
through site-directed mutagenesis, to define an important func- 
tional domain of the endonuclease that is involved in the specific 
cleavage of closed circular proviral DNA and integration of the 
proviral genome*’’. The present study demonstrates a higher 
degree of relatedness among 5’ pol gene sequences of retro- 
viruses, uniformly 6-8% greater in pairwise comparisons, than 
at their 3' regions (Table 1; ref. 4). It will be of interest to 
investigate the effect of site-specific mutagenesis of this 5’ region 
in efforts to localize even more critical functional domains of 
this important viral-encoded protein. 

There have been contradictory reports concerning the 
relationship of the AIDS retroviruses to other retroviruses**”*. 
The nucleic acid hybridization” and heteroduplex formation 
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initially observed between HTLV-I and HTLV-II have not been 
reproduced*®, and direct sequence comparisons argue against 
the validity of the earlier reports'*-'®**. Moreover, findings of 
heteroduplex formation between cloned HTLV-III and visna 
virus’, an ovine lentivirus, have been challenged by inves- 
tigators who have failed to detect homology of these viral 
genomes by filter hybridization techniques”’. 

Our present findings provide direct evidence at the nucleotide 
sequence level that the AIDS virus pol gene is much more closely 
related to those of lentiviruses than to those of oncoviruses. As 
there is evidence that recombination between retroviral genera 
has played some part in their evolution’, it will be of interest 
to compare the complete sequences of lentiviral genomes with 
those of other retroviruses to establish more fully their evolution- 
ary relationships. However, there is already immunological 
evidence indicating a closer relationship among the major struc- 
tural proteins of lentiviruses and HTLV-II”, and our sequence 
analysis of the CAEV long terminal repeat (LTR) has revealed 
a lysine transfer RNA binding site that is similar to those of the 
AIDS retrovirus and MMTV (L. Sherman et al., in preparation). 
These results suggest that the greater homology observed by us 
in the conserved pol gene region of HTLV-III and lentiviruses 
probably extends throughout their genomes. 

It is well documented that EIAV and visna viruses can develop 
novel antigenic variants that can escape temporarily from host 
immune surveillance***’. Moreover, genomic analysis of 
different AIDS retroviruses and lentiviruses such as CAEV has 
revealed striking heterogeneity in their restriction enzyme 
maps*"'*-'®. Our present demonstration that AIDS retroviruses 
are closely related to the lentivirus subfamily suggests the useful- 
ness of lentiviruses as experimental models for the development 
of AIDS vaccines. However, our findings also emphasize the 
challenge that these rapidly evolving retroviruses present in 
prevention and control of their associated diseases. 

We thank Meloy Laboratories for providing support for the 

completion of some of this work, and K. Dean and R. Sweet 
for providing us with their unpublished nucleotide sequence 
data for MMTV. 
Note added in proof: After submission of this manuscript, the 
complete sequence of the IAP genome was published*’. Com- 
parisons of the IAP amino-acid sequence within the endonu- 
clease region with those of SMRYV (50%) and MMTV (49%) 
substantiate our molecular hybridization data. 
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Lecture Notes in Earth Sciences, Vol. 2:'Pattern 
Recognition Problems in Geology and Paleontology. 
By ULF BAYER Springer-Verlag 1985 Pp 229 
ISBN 3-540-13983-410-387-13983-4. DM38 

Magnetism at a Plate Edge: The Peruvian Andes. 
WS PITCHER er al (eds) Blackie & Son 1985 
Pp 328 ISBN 0-216-91465-3 Np 

Qcean Wave Modeling. THE SWAMP GROUP. 
Plenum 1985. Pp.256 ISBN 0-306-41685-9, Np 

Rock Mechanics For Underground Mining. By 
B H.G BRADY and E.T. BROWN George Allen & 
Unwin 1985 Pp 527 Pbk ISBN 0-04-622005-4 Pbk 
£15.95 





Biological Sciences 


Acoustic and Vibrational Communication in Insects. 
KLAUS KALMRING and NORBERT ELSNER 
(eds) Paul Parey Verlagsbuchhandlung, D-2000 
Hamburg 1, Germany 1985 Pp 230 ISBN 3-489- 
65936-8 DM 98 
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Advances in Hemostasis and Thrombosis. A. 
CAJOZZO et al (eds) Plenum 1985 Pp 334 ISBN 
0-306-42005-8 Np. 

Advances in Lipid Research, Vol. 21. RUDOLFO 
PAOLETTI and DAVID KRITCHEVSKY (eds) 
Academic 1985 Pp 491 ISBN 0-12-024921-9 $69, 
£69 

Advances in Prostaglandin, Thromboxane, and 
Leukotriene Research, Vol. 14. Chemistry of the 
Prostaglandins- and Leukotrienes JOHN E PIKE 
and DOUGLAS R MORTON Jr (eds) Raven 1985 
Pp 444 ISBN 0-88167-087-1 $70 

Annals of the New York Academy of Sciences, Vol. 
438: Hormone Action and Testicular Function. K J 
CATT and ML DUFAU (eds) The New York 
Academy of Sciences 1984 Pp 708 ISBN 0-89766- 
271-7 $163. 

Autoimmunity and the Thyroid. PAUL G 
WALFISH, JACK R WALL and ROBERT VOLPE 
(eds) Academic 1985 Pp 450 ISBN 0-12-731950-6 
$44, £44 

The Bacteria: A Treatise on Structure and Function. 
Vol. VIO: Archaebacteria. CARL R WOESE and 
RALPH S WOLFE (eds) AcadermicI985 Pp 582 
ISBN 0-12-307208-5 $85, £85 

Bacteria in Nature, Vol. 1: Bacterial Activities in 
Perspective. EDWARD R LEADBETTER and 
JEANNE S POINDEXTER Plenum 1985 Pp 263 
ISBN 0-306-41944-0. Np 

Basic Life Sciences, Vol. 33. Assessment of Risk 
from Low-Level Exposure to Radiation and Chem- 
cals A Critical Overview AVRIL D WOODHEAD 
etal (eds) Plenum 1985. Pp 511 ISBN 0-306-42033- 
1 Np 

Bioactivation of Foreign Compounds. M W. 
ANDERS (ed ). Academic 1985 Pp 555 ISBN 0-12- 
059480-3 $85, £85. 

Biochemistry of Storage Carbohydrates in Green 
Plants. PM DEY and R.A DIXON (eds) 
Academic.1985. Pp 378 ISBN 0-12-214680-8 $79, 
£65 

Biology of Fertilization, Vol. 1: Model Systems and 
Oogenesis. CHARLES B METZ and ALBERTO 
MONROY (eds) Academic. 1985 Pp 391 ISBN0-12- 
492601-0 $75, £75 

Biology of Fertilization, Vol. 2: Biology of the 
Sperm. CHARLES B` METZ and ALBERTO 
MONROY (eds) Academic 1985 Pp 475 ISBN 0- 
12-492602-9 $75, £75. 

Biology of Fertilization, Vol. 3: The Fertilization 
Response of the Egg. CHARLES B METZ and 
ALBERTO MONROY (eds). Academic 1985. 
Pp 467 ISBN 0-12-492603-7 $75, £75 

The Biology of Mutualism: Ecology and Evolution. 
DOUGLAS H BOUCHER (ed) Croom 
Helm 1985 Pp 388 ISBN 0-7099-3238-3 £37 50 

Cambridge Studies’ in Ecology: Physiological Ecol- 
ogy of Lichens. By KA KERSHAW Cambridge 
University Press 1985 Pp 293 ISBN 0521-23925-7. 
£30 


Cell Culture in the Neurosciences. JANE E 
BOTTENSTEIN and GORDON SATO (eds) 
Plenum 1985 Pp.383 ISBN 0-306-41942-4 Np 

Ciba Foundation Symposium: Retinoids, 
Differentiation and Disease. THE CIBA 
FOUNDATION Pitman 1985 Pp.286 ISBN 272- 


,79813-4 £27 95 


Current Topics in Microbiology and Immunology, 
Vol. t14. M COOPER ef al (eds) Springer- 
Verlag 1985 Pp255 ISBN 3-540-15103-6/0-387- 
15103-6 DM 136 

Developmental and Cell Biology, Vol. 15. Genome 
Multiplication in Growth and Development: Biology of 
Polyploid and Polytene Cells. By V YA. BRODSKY 
and IV. URYVAEVA Cambridge University 
Press 1985. Pp 305 ISBN 0-521-25323-3 £39.50 

The Ecology of Natural Disturbance and‘ Patch 
Dynamics. S T A PICKETT and P S WHITE (eds) 
Academic'1985. Pp 472 ISBN 0-12-554520-7 $49, 
£49 

Essays in Biochemistry, Vol. 20, 1985. P N CAMP- 
BELL and RD MARSHALL (eds) Academic 
Press 1985 Pp 176 ISBN 0-12-158120-9 $18, £13 50 

Evolution: Essays in Honour of John Maynard 
Smith. P J GREENWOOD, P H. HARVEY andM 
SLATKIN (eds). Cambridge Umversity Press 1985 
Pp 328 ISBN 0-521-25734-4. $49.50, £30 
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Flora of Karnataka, Vol. 1. Magnoliaceae to 
Fabaceae. By CECIL J SALDANHA Balkema 
1985 Pp 535 ISBN 90-6191-427-2 £29 

Guanidines: Historical, Biological, Biochemical, 
and Clinical Aspects of the Naturally Occurring Guani- 
dino Compounds. AKITANE MORI. B D COHEN 
and A. LOWENTHAL (eds). Plenum 1985, Pp 479 
ISBN 0-306-41920-3 Np. 

Insect Locomotion. MICHAEL GEWECKE and 
GERNOT WENDLER (eds) Paul Parey 1985 
Pp 254 ISBN 3-489-65836-1 DM 98, $32 

Lecithins. BERNARD F SZUHAJ and GARY R 
LIST (eds) American Onl Chenust's Society, 508 S 
Sixth Street. Champaign, IL 61820, USA 1985 
Pp 393. 340. 

Life Sciences Research Report, Vol. 30: Leukemia. 
ILL. WEISSMAN (ed) Springer-Verlag 1985. 
Pp 315. ISBN 3-540-13415-8/0-387-13415-8 DM 48 

Methods in Enzymology. Vol. 3: Steroids and Iso- 
prenoids, Part B. JOHN H LAW and HANS C 
RILLING (eds) Acadenuc 1985. Pp 607 ISBN 0-12- 
182011-4. $66 50, £66 50 

Methods for Estimating Risk of Chemical Injury: 
Human and Non-Human Biota and Ecosystems. 
VELIMIRB VOUK eral. (eds) Wiley 1985 Pp 680. 
ISBN 0-471-90546-1 £57. 

Models, Mechanisms and Etiology of Tumour Pro- 
motion. M. BORZSONY! eral, (eds) Oxford Univer- 
sity Press'1984, Pp 532 ISBN 0-19-723058-X Np 

Molecular Form and Function of the Plant Genome. 
LOUS VAN VLOTEN-DOTING. GERT SP 
GROOT and TIMOTHY C HALL (eds) 
Plenum: 1985. Pp.693 ISBN 0-306-41913-0 Np 

New Comprehensive Biochemistry, Vol. 9: 
Bioenergetics. LARS ERNSTER (ed) Elsevier: 
1985. Pp 389 ISBN 0-444-805796 $68 75, Dfl 179. 

Nutrition and Immunity. By M ERIC GERSH- 
WIN. RICHARD S BEACH and LUCILLE S. 
HURLEY (eds) Academic 1985 Pp.4i7 ISBN 0-12- 
281450-9 $58, £58 

The Oxford Guide to Mammals of Australia. By J 
MARY TAYLOR Oxford University Press 1985 
Pp 148 ISBN 0-19-554584 £7.95. 

The Physical Attractiveness Phenomena. By GOR- 
DON L PATZER Plenum 1985 Pp 308 ISBN 0- 
306-41783-9 Np 

Plant Production in the North. ASE KAURIN, 
OLAVI JUNTTILA and JARLE NILSEN (eds) 
Norwegtan University Press 1985 Pp 356 ISBN 82- 
00-07385-8 Kr 190 

Progress in Behaviour Modification, Vol. 19. 
MICHEL HERSEN, RICHARD M EISLER and 
PETER M. MILLER (eds) Academic 1985 Pp 304. 
ISBN 0-12-535619-6 $49 50, £49 50 

Progress in Molecular and Subcellular Biology, Vol. 
9.F.E HAHN, D J} KOPECKO and W.E G MUL- 
LER (eds} Springer-Verlag 1985. Pp 179. ISBN 3- 
540-15071-410-387-15071-4 DM 118 

Renal Heterogeneity and Target Cell Toxicity. PE- 
TER H BACH and EDWARD A. LOCK (eds) 
Wiley:1985 Pp.571 ISBN 0-471-90740-5 £30 

Reviews in Oculomotor Research, Vol. 1: Adaptive 
Mechanisms in Gaze Control. A BERTHOZ and G 


MELVILL JONES Elsevier 1985. Pp 386. ISBN 0- 


444-80483-8. $109.25, Dfl.295 

Rice Diseases, 2nd Edn. By SH OU Common- 
wealth Mycological Insntute-1985  Pp.380. ISBN 0- 
85198-545-9, $70 

The Secretory Process, Vol. 2: The 
Electrophysiology of the Secretory Cell. A.M. 
POISNER and J M TRIFARO (eds). Elsevier 1985. 
Pp.312. ISBN 0-444-80599-0 $83 25, Dfl 225 

UNEP Reports and Proceedings Series, Vol. 7: 
Water Hyacinth. G THYAGARAJAN (ed ) United 
Nations Environment Programme, Box 30552, Naro- 
bi, Kenya 1984 Pp.1005. ISBN 92-807-1090-6 £60 

Viral Hepatitis. By R. BLAINE HOLLINGER, 
JOSEPH L MELNICK and WILLIAM S ROBIN- 
SON. Raven Press 1985 Pp 213. ISBN 0-88167-125- 
8 $35. 

The Viruses. The Plant Viruses: Polyhedral Virions 
with Tripartite Genomes, Vol. 1. RIB FRANCKI 
(ed.) Plenum 1985 Pp 309 ISBN 0-306-41958-0 Np 

Zoophysiology, Vol. 15. Spermatophores: Develop- 
ment, Structure, Biochemical Attributes and Role in 
the Transfer of Spermatozoa. By THADDEUS 
MANN. Springer-Verlag 1984 Pp.217. ISBN 3-540- 
13583-9/0-387-13583-9. DM 138. 


BOOKS RECEIVED 


Applied Biological Sciences 


Controlled Hypotension ın Neuroanaesthesia. D 
HEUSER. D.G MCDOWALL and V HEMPEL 
(eds) Plenum 1985 Pp 229 ISBN 0-306-42001-5 
Np 

Developments in Ophthalmology, Vol. II. Micro- 
surgery Update 1982-1984. F BIGAR (ed) 
Karger 1985 Pp 206 ISBN 3-8055-4004-3 SwFr 127, 
$54 25, DM 152 

Erythrokinetics: Radioisotopic Methods of Inves- 
tigation and Mathematical Approach. By MARIA 
WAZEWSKA-CZYZEWSKA US Department of 
Commerce, Nanonal Technical Information Service, 
Springfield, Virginia 22161, USA 1984 Pp 221 $30 

Genetic Engineering: Principles and Methods, Vol. 
7. JANE K SETLOW and ALEXANDER HOL- 
LAENDER (eds) Plenum 1985 Pp 359. ISBN 0- 
306-42004-X Np 

Heat Transfer in Medicine and Biology: Analysis 
and Applications, Vol. 2. AVRAHAM SHITZER and 
ROBERT C EBERHART (eds) Plenum:1985 
Pp 436 ISBN 0-306-41695-6 Np 

Hematology, Vol. 3. Bone Marrow Transplantation: 
Biological Mechanisms and Clinical Practice. DIRK 
W VAN BEKKUM and BOB LOWENBERG (eds) 
Marcel Dekker.1985 Pp.546 ISBN 0-8247-7193-1. 
$119 25 

Industrial Aspects of Biochemistry and Genetics. N. 
GURDAL ALAEDDINOGLU. ARNOLD L DE- 
MAIN and GIANCARLO LANCINI (eds) 
Plenum 1985 Pp.240. ISBN 0-306-41934-3 Np 

New Protein Foods, Vol. 5: Seed Storage Proteins. 
AARON M ALSCHUL and HAROLD L WILKE 
(eds) Academic 1985 Pp 471. ISBN 0-12-054905-4. 
$94.50, £94.50 

Nutritional Pathology: Pathobiochemistry of Diet- 
ary Imbalances. HERSCHEL SIDRANSKY (ed ) 
Marcel Dekker 1985 Pp 400. ISBN 0-8247-7303-9 
$83 50, 

The Pharmacological Effect of Lipids If. JON J. 
KABARA (ed ). The American Oil Chemust’s Society, 
508 S, Sixth Street, Champaign, IL 61820, USA 1985 
Pp 353 $45. 

Progress in Mutation Research, Vol. 5. Evaluation 
of Short-Term Tests for Carcinogens: Report of the 
International Programme on Chemical Safety's Col- 
laborative Study on In Vitro Assays. J ASHBY et al 
(eds) Elsevier.1985 Pp 752 ISBN 0-444-80615-6 Np 

Substance Abuse and Psychopathology. ARTHUR 
I ALTERMAN (ed) Plenum.1985 Pp 397 ISBN 
0-306-41849-5 Np 

Surface and Interfacial Aspects of Biomedical 
Polymers, Vol. 1: Surface Chemistry and Physics. 
JOSEPH D ANDRADE (ed.). Plenum 1985 
Pp.470 ISBN 0-306-41741-3 Np 

Tasks for Vegetation Science, Vol. 13: Economics of 
Ecosystem Management. D O. HALL, N MYERS 
and N.S. MARGARIS (eds) Dr W. Junk, Kluwer 
Academic Publishers Group, Sputboulevard 50, PO 
Box 989, 3300 AZ Dordrecht, The Netherlands 1985. 
Pp.244, ISBN 90-6193-505-9. Dfl. 200, $67 50, £50.95 

Tropical Diseases Research: Seventh Programme 
Report. 1 January 1983-31 December 1984, SPECIAL 
PROGRAMME FOR RESEARCH AND TRAIN- 
ING IN TROPICAL DISEASES World Health 
Organization 1985. Pp.300 Np 

Viral Insecticides for Biological Control. KARL 
MARAMOROSCH and K.E. SHERMAN (eds) 
Academic.1985 Pp 809. ISBN 0-12-470295-3 $69 50, 
£69 50 

Wheat Growth and Modelling. W DAY and R.K 
ATKIN (eds) Plenum.1985. Pp 407. ISBN 0-306- 
41933-5 Np 





Psychology 


Annals of Theoretical Psychology, Vol. 3. K B. 
MADSEN and LEENDERT P MOS (eds). 
Plenum 1985 Pp 353. ISBN 0-306-41972-6. Np 

Clinical Applications of Rational-Emotive Therapy. 
ALBERT ELLIS and MICHAEL E BERNARD 
(eds) Plenum:’1985 Pp 353 ISBN 0-306-41971-8 
Np 

Drugs in Psychiatry, Vol. 3: Antipsychotics. GRA- 
HAM D BURROWS, TREVOR R NORMAN and 
BRIAN DAVIES (eds) Elsevier 1985 Pp 278 ISBN 
0-444-80635-0. $72.25, Dfl 195. 
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Handbook of Psychiatry, Vol. 5: The Scientific 
Foundations of Psychiatry. M SHEPHERD (ed) 
Cambridge University Press 1984 Pp 359 ISBN 0- 
521-23304-6 $59 50, £42 50 

On the Way to Self: Ego and Early Oedipal Develop- 
ment. By JOHANNA KROUT TABIN Columbra 
University Press 1985 Pp 362 ISBN 0-231-05944-2. 
$39 

Progress in Psychobiology and Physiological Psychol- 
ogy, Vol. 11.J M SPRAGUE and A N EPSTEIN 
(eds) Academic 1985 Pp 327. ISBN 0-12-542111-7 
$49, £49 

Psychiatry: The State of the Art, Vol. 1. Clinical 
Psychopathology, Nomenclature and Classification. P 
PICHOT, P BERNER, R WOLF and K THAU 
(eds) Plenum 1985 Pp.1122. ISBN 0-306-41601-8. 
Np 

Psychiatry: The State of the Art, Vol, 2. Biological 
Psychiatry, Higher Nervous Activity. P PICHOT, P. 
BERNER, R WOLF and K. THAU (eds). 
Plenum 1985 Pp 961 ISBN 0-306-41602-6 Np 

Psychiatry: The State of the Art, Vol. 3. Pharmaco- 
psychiatry. P. PICHOT, P. BERNER, R WOLF and 
K THAU (eds) Plenum 1985 Pp.860 ISBN 0-306- 
41603-4 Np 

Psychiatry: The State of the Art, Vol. 4. Psychother- 
apy and Psychosomatic Medicine. P. PICHOT, P. 
BERNER, R. WOLF and K. THAU (eds). 
Plenum 1985. Pp 533 ISBN 0-306-41604-2 Np 

Psychiatry: The State of the Art, Vol. 5. Child and 
Adolescent Psychiatry, Mental Retardation, and 
Geriatric Psychiatry. P PICHOT er al. (eds) 
Plenum.1985 Pp 514 ISBN 0-306-41605-0 Np 

Psychology in Progress: Brain and Mind. DAVID 
A OAKLEY (ed ) Methuen:1985 Pp.265 ISBN 0- 
416-31630-1 £15 95 

Surviving Schizophrenia: A Family Manual. By E 
FULLER TORREY Harper & Row.1985. Pp.306. 
ISBN 0-06-091217-0. £7.50. 





Anthropology 


Ballena Press Anthropological Papers, No. 29. 
Woman, Poet, Sctentist. Essays in New World 
Anthropology Hononng Dr Emma Louse Davis. 
THE GREAT BASIN FOUNDATION. Ballena 
Press, 381 First Street, Los Altos, California 
94022-1985. Pp 160 ISBN 0-87919-106-6. $39 95 

Culture, People, Nature: An Introduction to Gener- 
al Anthropology, 4th Edn. By MARVIN HARRIS. 
Harper & Row 1985 Pp 608. ISBN 0-06-042656-X. 
£29 25. 





General 


Beyond the Last Oasis: A Solo Walk in the Western 
Sahara. By TED EDWARDS John Murray-1985 
Pp.208. ISBN 0-7195-4205-7. £11.50. 

Careers Using Biology. By JENNY WILLISON. 
Kogan Page.1985 Pp 112. ISBN 0-85038-905-4. 
£2.95. 

Change and Progress in Modern Science. JOSEPH 
C. PITT (ed) Retdel.1985. Pp.398. ISBN 90-277- 
1898-9. Np. 

Current Topics in Chinese Science. Section A, Phy- 
sics, Vol. 3. Section C, Mathematics, Vol. 3. Section F, 
Earth Science, Vol. 3. Gordon and Breach 1984 Sec- 
tion A. pp 486, ISBN 0-677-40375-5, $58. Section C 
pp.869, ISBN 0-677-40405-0, $98. Section F: Pp.889, 
ISBN 0-677-40435-2, $96. 

The Dark Abyss of Time: The History of the Earth 
and the History of Nations from Hooke to Vico. By 
PAOLO ROSSI. University of Chicago Press1985. 
Pp.338 ISBN 0-226-72835-8 £36.75. 

Falkland Islands Shores. By EWEN SOUTHBY- 
TAILYOUR. Conway Maritime Press 1985. Pp.269. 
ISBN 0-85177-341-9. £12.95 

Food Analysis: Principles and Techniques. DIE- 
TER W GRUENWEDEL and JOHN R. WHITAK- 
ER (eds) Dekker 1985. Pp 395. ISBN 0-8247-7183-4 
$90. 

Gauge Theory on a Lattice: 1984. April 5-7,1984. 
Proceedings of the Argonne National Laboratory 
Workshop. COSMAS ZACHOS et al. (eds). National 
Technical Informanon Service, US Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 
22161 1984. Pp.338 Np 
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UNITED MEDICAL AND 
DENTAL SCHOOLS 


and ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


POSTDOCTORAL `‘ 
RESEARCH ASSISTANT 


required by the Department of 
Chemical Pathology at Guy’s and the 
Department of Pathology at the 
Royal College of Surgeons to work 
on the immunobiology of Plas- 
modium vivax malaria Experience 
of cell culture, particularly the pro- 
duction of monoclonal antibodies 
and of immunochemical techniques 
an advantage. 


The P is funded by the Well- 
come Trust for two years in the first 
instance from January 1986. Salary 
within first four points Range 1A 
plus £1,297 London Weighting. 


Applications giving full curricu- 
lum vitae and the names and 
addresses of two referees should be 
sent to the Staffing Officer, Guy’s 
Hospital Medical School, London 
SE1 9RT, quoting ref G/CP/98. 

(7T19)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
MICROBIOLOGY DIVISION. 


POST DOCTORAL 
RESEARCH ASSISTANT 


required to work on a co-operative 
MRC- Wellcome Biotechnology Ltd 
financed project investigating the 
pathogenicity of Neisseria gonor- 
rhoae. Applicants should have an in- 
terest in bacterial virulence factors 
and will be expected to have ex- 
perience in microbiology and bio- 
chemical techniques Preference will 
be given to candidates with a back- 
pound in polysaccharide research 

e post is available for 3 years, 
starting on soon as possible. Salary 
range £7,980 — £8,920 (under re- 
view i 


Applications, together with cv and 
names and addresses or two referees 
should be sent to The Superinten- 
dent, Department of Pathology, 
Cambridge CB2. 1QP. Please quote 
RG 8920. Closmg date 5 October 
1985 (7722)A 


CAMBRIDGE HEALTH 
AUTHORITY 


Addenbrookes Hospital, Hills Road, 
Cambridge, CB2 200 


POST DOCTORAL 
SCIENTIFIC OFFICER 


Required to join an NRC-funded 
research project into the use of cult- 
ured Keratinocytes in the treatment 
of surgical patients The work will be 
carried out in the laboratories of the 
Department of Dermatology 


_ Applicants should have extensive 
tissue culture experience and PhD in 
a related subject 


The post is tenable for 3 years 
Salary: £9,415 to £10,037 pa. 


Further information: Dr Pye Tel: 
Cambridge 245151 Ext 501 


Applications including a full CV 
and names of 3 referees should be 
sent to Dr Pye, Department of 
Dermatology, Addenbrookes Hosp- 


‘ital, Cambridge, CB2 2QQ 


Closing date: 14th October 1985 
(7738)A 


Y 


__ THE ROYAL SOCIETY 


requires an 


EDITORIAL ASSISTANT 


on a | year contract to work on the 
preparation of papers in its pres- 
tigious biological journals Can- 
didates must have a good degree ina 
biological subject. Some experience 
of editorial work would be an advan- 
tage, but it ıs not essential, appropri- 
ate training will be given An eye for 
detail, a broad general knowledge 
and a command of good Enghsh style 
are essential A non-smoker would 
be preferred. 


The appointment will be made at 
an appropriate pomt on the Admin- 
‘istrative Assistant grade (salary scale 
£7,693 — £10,574 including London 
Allowance) depending on age and 
experience. 


Applications, with curriculum 
vitae and details of 2 referees should 
be sent to The Assistant Secretary 
(Finance & Establishment), The 
Royal Society, 6 Carlton House Ter- 
race, London SW1Y 5AG to arrive 
by 11 October 1985. (JIALA 











As a result of expansion of the medicinal chemistry 
department, GODECKE, Freiburg, FRG, has an opening foran 
outstanding organic chemist as Section Head; ideally with 
about 5-year postdoctoral experience gained within the 


pharmaceutical industry. 


The prime responsibility of the position will be to actively 
engage in drug discovery and to lead and direct a team 
involved in the design and synthesis of biologically active 


compounds. 


The candidate must have specialised in synthetic organic 
chemistry and should possess above-average knowledge in 
medicinal chemistry. The applicant should be a highly innova- 
tive, dedicated chemist and capable to collaborate across the 


GODECKE 


PHARMACEUTICALS 


\ 


PhD Medicinal Chemist 


Pharmaceutical Research 


disciplines. Some workingknowledge of the German language 


is an essential requirement 


The GODECKE Research Institute is located in Freiburg, West 
Germany, a pleasant university town in the neighbourhood of 
the Black Forest, Switzerland and France. 


Applications, including afull curriculum vitae, should be sent to 


GODECKE AKTIENGESELLSCHAFT 


Werk Freiburg 


Bereich Personal- und Gehaltspolitik 


Mooswaldallee 1-9 
D-7800 Freiburg i.Br. 


(W2249)A 
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Britoil is a dynamic, progressive oil 
company with major commitments in 
the North Sea anda growing portfolio 
of overseas interests. To keep pace 
with these developments, our 
Stratigraphic Laboratory has exciting 
` opportunities for you to ally your skills 
` asasedimentologist to a state-of-the- 
_ arttechnological environment. 


Sedimentolo 








. For key roles in exploration 


You will be joining a team of specialists 
engaged in facies analysis, diagenetic studies 
and modelling in conjunction with exploration, ’ 
production, and reservoir engineering 
personnel. In-house facilities in support of these 
activities include petrographic, reflected light 
and cathodoluminescence microscopy; a 
scanning electron microscope with energy- 
dispersive and backscattered electron analytical ` 
systems; core radiography; an advanced image 
analysis system; and a computer database. 
Access is also available to instrumentation for- ` 
X-ray diffraction, microprobe, fluid inclusion 
and stable and radiogenic isotope studies. 


You will need a strong background in clastic 
or carbonate facies analysis and diagenesis with 


+ 
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a willingness to become familiar with all aspects 
of applied sedimentology. An MSc or PhD in’ 
Sedimentology is a minimum qualification. A 
knowledge of modern hydrocarbon exploration _ 
techniques would be an advantage, though not 
essential. l ; 

Based in Glasgow, you will be playing a key 
role in Britoil's success and can expect ali the 
security and long-term career prospects that go 
with such a demanding position. You will also 
have a highly competitive salary and benefits 
package, including BUPA, life assurance and 
pension schemes. Where appropriate, generous 
assistance with relocation is available. 

Toapply, write giving details of background 
and experience and quoting reference 194/PW/N 
to: Paul Wilkinson, Personnel Officer, Britoil pic, 
150 St Vincent Street, Glasgow G2 5LJ, 
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Energy at work for Britain 


(7726)A 





b a4 lil. d. “a a 


Classified 2 





GROUP LEADER 


LOS ALAMOS NATIONAL 
LABORATORY 


The Life Sciences Division of the Laboratory is seeking a 
manager to assume the scientific leadership and 
technical management of the Experimental Pathology 
Group composed of 50 staff personnel including 20 
principle investigators This group performs a broad 
range of basic research and programmatic efforts in 
the life sciences and provides advanced flow 
cytometry concept for biochemical applications Tne 
group also maintains a major role in sustaining and 
enhancing established national resources in flow 
cytometry and chromosome specific recombinant 
DNA libraries. 


Responsibilities: 

eReport to the Life Sciences Division Leader and pro- 
vide scientific leadership for major programs in basic 
cellular and humoral immunology, molecular 
mechanisms relating to the development of abnor- 
malities in chromosome structure and function, 
molecular dynamics and regulation of cellular pro- 
liferation and differentiation, with application to 
basic and clinical problems. 

e Provide scientific guidance in the development of 
advanced flow cytometric systems and advanced ap- 
plications of cytometric analysis to basic and applied 
problems tn immunology, pathology and cell biology 

e Recruit outstanding staff members and postdoctoral 
fellows in order to even more effectively address the 
broad scientific mission of the Experimental 
Pathology Group. 

eA major responsibility will be to identify, obtain and 
maintain funding support commensurate with the 
scientific goals and objectives of the group 

e Should communicate and interact effectively with 
sponsoring and collaborative agencies including 
DOE, DOD, NIH, academia and the private sector as 
well as with all levels of Laboratory management, 
staff and support personnel. 


Requirements: 

s Strong technical background In the above described 
activities with potential expertise in the applications 
of flow cytometry to problems in cellular im- 
munology, pathology and cell biology highly 
desirable 

e Must have significant research accomplishments in 
the biological sciences related to the group’s mission 

e Proven ability to initiate and develop new research 
programs and work effectively with DOE and 
Laboratory management personnel 

eRequires a strong combination of scientific leader- 
ship and demonstrated interpersonal skills. 

e Excellent written and oral communication skills 

e Ph.D. in cellular immunology, cell biology, biophysics 
or medicine, or an equivalent combination of educa- 
tion and relevant experience 

eU.S citizenship required 


The Laboratory, a national resource for multifaceted 
scientific research, is operated by the University of 
California for the United States Department of Energy 
Our beautiful location in the mountains of northern 
New Mexico offers a relaxed lifestyle with exceptional 
outdoor recreational activities. 


To apply, please send your resume with salary history in 
confidence to: 
Sandra Harding 
DIV 50855-El 
Personnel Administration Division 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 


‘ 


University of Calitormtia 
— Ed 
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TOSWATAMOS 


Affirmative Action / Equal Opportunity Employer 


(NW310)A 
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AUSTRALIA 
THE UNIVERSITY OF WOLLONGONG 


Equality of employment opportunity Is University policy Applications are 
invited for the following positions The University reserves the right to fill 
any advertised position by Invitation 


PROFESSOR OF BIOLOGY 


Applicants should be outstanding scholars in any field of biology and 
should have a broad perspective of biological systems Appointment as 
Chairperson of Department may also be offered. 


PROFESSOR OF STATISTICS 


Applicants should be outstanding scholars tn any field of statistics and 
should preferably have a backgrouhd.n applied statistics and/or have an 
Interest tn consulting and co-ordinating with other disciplines, commerce 
and industry This is the second Chair within the Department of Math- 
ematics 


General Conditions: 


The successful applicants will be required to provide academic leadership 
by taking an active part in both teaching and research and will have a 
particular responsibility for fostering the research programme Subject to 
the consent of the University Council, professors may undertake a limited 
amount of higher consultative work. Fares to Wollongong for the ap- 
pointee and dependants are paid and relocation allowance is payable. 
Salary is $454,948 per annum 


Applications should contain details of qualifications, employment history, 
research interests, publications list and the names and addresses of three 
referees and should be forwarded to the University Secretary, The Univer- 
sity of Wollongong, P O. Box 1144, Wollongong, New South Wales, 2500, 
Australia. Please mark envelope ‘Confidential — Appointment’. Further 
information ıs available from Mr R M. Walker, Academic Appointments 
Officer — 042-270934. Applications close 1 December, 1985 
(W2251)A 


CENTER FOR BIOLOGICAL NMR, 
TEXAS A&M UNIVERSITY 


An interdisciplinary team studying enzyme-catalyzed reactions 
by high-field NMR spectroscopy has openings for the 
following personnel: 


RESEARCH SCIENTIST OR 
SENIOR RESEARCH SCIENTIST 


This position calls for experience in organic synthesis with stable 
and radio-isotopes, enzyme mechanism and a good background 
in NMR spectroscopy. The successful applicant will assist in the 
supervision of a group of postdoctorals and technicians studying 
in vitro and in vivo applications of NMR to bio-synthetic 
problems. The job is available for a period of up to 3 years and can 
become permanent. Salary in the range of $25,000—$30,000 
depending on age and experience. 


MICROBIOLOGIST/ENZYMOLOGIST 


To prepare batches of bacterial and plant cell cultures (50—100 
liter scale) and carry out preliminary purification of enzymes from 
cells. Masters degree or equivalent experience in fermentation/ 
enzymology required. The salary for this position Is in the range 
$14,000— $16,000 depending on experience. 


POSTDOCTORAL 
FELLOWS (2) 


One should have experience in enzyme purification, assay and 
mechanism, and site specific mutagenesis. The second should be 
experienced in 2D—-NMR methods applied to molecular structure. 
Salary in the range $20,000—$22,000 per annum depending on 
experience. 


For the above positions, send curriculum vitae and the names of 
two referees before October 31, 1985, to: Professor A. I. Scott, 
Center for Biological NMR, Department of Chemistry, Texas 
N&M University, College Station, Texas 77843. 


TEXAS A&M UNIVERSITY IS AN AFFIRMATIVE ACTION/EQUAL 
OPPORTUNITY EMPLOYER 
(NW311)A 
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@ omon Biotech — 


Grow with us 


The Damon Biotechnology Centre 


Damon Biotech is aleading 
biotechnology company 
engaged in the development 
and production of biomedical 


products from mammalian cells. 


We recently announced the 
establishment of the Damon 
Biotechnology Centre in 

' . Livingston near Edinburgh.. 


The Centrewillemployour 
ENCAPCEL® technology for the 
development and large scale 
manufacture of biological 
products for diagnostic and , 
therapeutic applications 
worldwide. 


The first priority is to recruit key 
people to become familiar with 
the company’s technologies in 
the USA. After working with our 
scientists in Boston or San 
Francisco candidates will return 
to Scotland and lead the 
company’s development and 

` production programmes. 


The positions we expect to fill 
immediately are: 


Director of Research and 
Development T. 

Director of Clinical Affairs 

Director of Production 

Production Team Leaders 

Scientific Managers and 

Development Scientists for: 

— Molecular biology 

— Hybridoma technology 

— Protein chemistry 


Candidates for these positions 
must be graduate calibre and be 
able to demonstrate a genuine 
interest in developing their 
careers in the rapidly growing 
bio-medical industry. Damon 
Biotech will make a long-term — 
commitment to these people 
and is'seeking outstanding 
individuals with strong 
interpersonal skills and proven 
ability to apply their technical 
knowledge and experience. 


GROSVENOR STEWART - 


To obtain further information please send a 

‘comprehensive curriculum vitae quoting reference DB100 

to: Dr. John Padbury, Grosvenor Stewart Limited, 

Hamilton House, 15 Tilehouse Street, Hitchin, Herts 

SG5 2DU or enone him on 0462 55303 arr hour anaworlog): 


(7755)A 


Classified 4 


INSTITUTE 
i OF ANIMAL 
AIRG TECHNOLOGY 


DEPARTMENT OF MOLECULAR EMBRYOLOGY 
BABRAHAM, CAMBRIDGE CB2 4AT 


POSTDOCTORAL MOLECULAR/ 
DEVELOPMENTAL BIOLOGIST 


Applications are invited for a postdoctoral research position to join a team 
working on aspects of gene expression during mammalian 
embryogenesis Applicants should have an interest in this type of work 
and preferably have a background In cellular, developmental or molecular 
biology The appointee will be required to perform collaborative studies 
and explore areas of research relating to gene expression dependent on 
parental origin of chromosomes and/or control of expression of specific 
genes introduced into eggs or embryonic cells The work 1s primarily on 
mouse embryos but may involve some participation in work on domestic 
species 


Appointment will be for 3 years with starting salary according to 
qualifications, age and experience within the pay scales HSO (£9,004— 
£10,541) or SSO £9,772-£12,653) There is a non-contributory 
superannuation scheme Application forms available from the Director's 
Office quoting ME/ST3/NI. Closing date for applications 25th October 
1985 {7714A 


PLANT GROWTH AND 
DEVELOPMENT 


FACULTY POSITION 


The Department of Plant Biology, University of Illinois at Urbana-Cham- 
paign, invites applications for a tenure-track position at the assistant pro- 
fessor level by appointment by 21 August, 1986 or earlier. Applicants 
should have a Ph D , with research experience in the control of growth and 
differentiation of plant cells and tissues The appointee will be expected to 
conduct research tn the above area and to contribute to the graduate and 
undergraduate teaching programs His or her research interests should 
complement those of the existing members of the plant physiology and 
molecular biology programs in the department Salary ıs open, depending 
on the applicants’ qualifications 


Applicants should send a curriculum vitae, a summary of research experi- 
ence and interests and at least three letters of reference to. Dr Colin A. 
Wraight, Search Committee Chairman, Department of Plant Biology, Uni- 
versity of Illinois, 505 S. Goodwin, Urbana, Illinois 61801; telephone (217} 
333-3245 or 333-3261. in order to ensure full consideration, applications 
must be received by 15 November 1985 
THE UNIVERSITY OF ILLINOIS IS AN 
AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER 
{NW316})A 


Harvard University 


ASSISTANT PROFESSOR 


CELLULAR AND DEVELOPMENTAL 
BIOLOGY (CDB) 


The Department of Cellular and Developmental Biology intends to make 
one and possibly more appointments at the assistant professor level effec- 
tive July 1, 1986 Our department covers a broad range of topics in cellular 
biology and developmental/ molecular genetics We are seeking outstand- 
ing candidates ın these fields We are particularly interested in possible 
appointments ın the areas of vertebrate development, neurobiology, plant 
molecular biology, and cell biology. However, we will consider exception- 
ai applicants in other fields as well We encourage applications from 
women and minority groups Applications should include curriculum 
vitae, reprints of publications, and a statement of research plans. Com- 
plete applications and three letters of recommendation, solicited by the 
applicant, should be received no later than October 31, 1985 by’ 


Diane Baldwin, Administrator 
CDB Search Committee 
Cellular and Developmental Biology 
The Biological Laboratories 
Harvard University 
16 Divinity Avenue 
Cambridge, MA 02138 
Harvard University 1s an Affirmative Action/Equal Opportunity Employer 
(NW102)A 
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THE ANIMAL VIRUS RESEARCH INSTITUTE 
TWO POSTDOCTORAL POSITIONS 


Applications are invited for two posts at postdoctoral level to 
study the molecular and antigenic nature of rinderpest virus, a 
negative-strand RNA virus closely related to measles virus. Virus 
isolates will be analysed uang monoclonal antibodies and gene- 
tic engineering techniques, from which the antigenic and ge- 
nomic structure of the virus will be determined and related to the 
epidemiology of the disease and the design of novel vaccines 
The posts are funded by the Wellcome Trust for 3 years. Can- 
didates should have experience either in molecular biology or the 
production and use of monoclonal antibodies. Experience in 
virology would also be an advantage. 


The salary for each post will be in the scale of £7,788-—-£10,541 
(Higher Scientific Officer grade). Sick leave and non-contributory 
superannuation scheme, 22 days annual leave. Accommodation 
may be available. 
» 4 Application to include a curriculum vitae 
and the names of two referees should be 
sent by Monday 7 October 1985, to: The 
Secretary, The Animal Virus Research In- 
stitute, Ash Road, Pirbright, Woking, 
Surrey, GU24 ONF. Tel. 0483 232441. 
Raricet (7667)A 


Fin is® 


` 


THE CENTRAL LABORATORY 
OF THE SWISS RED CROSS 
BLOOD TRANSFUSION SERVICE 


invites applications for a 
POSTDOCTORAL POSITION IN 


MOLECULAR BIOLOGY 


The candidate should have a strong background in DNA tech- 
nology and preferably have some experience with mammalian 
tissue culture. The successful candidate will be funded for an 
intial period of three years, with the possibility of further ex- 
tension. Work will be performed in well equipped laboratories 
belonging to the University of Berne. Candidates must either be 
Swiss citizens or eligible for a work permit in Switzerland. 


Address, curriculum vitae, names of two references, and list of 
publications to: 

Central Laboratory 

Blood Transfusion Service 

Personnel Division 

Wankdorfstrasse 10 

CH-3000 Bern 22 


Switzerland (W2252)A 


UNIVERSITY OF QUEENSLAND 


CHAIR OF COMPUTATIONAL 
MATHEMATICS 


The university is seeking a mathematician with an outstanding 
research record and with considerable experience in the practi- 
cal applications of mathematics. Specialisation is expected in at 
least one major area of applied computational mathematics 
such as numerical analysis, operations research and mathemat- 
ical programming. 
The Professor will lead the computational mathematics group 
within the department and will be required to engage in teach- 
ing of undergraduates and the promotion of research and post- 
graduate studies. Consultation with industry ts strongly en- 
courged, 
Salary: $454,948 per annum. Closing date: 31st December, 1985. 
Ref. 36785 
The University provides prescribed travelling and removal ex- 
penses, superannuation, housing assistance, and special studies 
programs. 
Additional information and application forms are available from 
the Secretary-General, Association of Commonwealth Univer- 
sities, 36 Gordon Square, London WC1H OPF. 
The University of Queensland is an Equal Opportunity Employer 
(W2248)A 
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Classified 5 


The Howard Hughes Medical Institute 
The National Institutes of Health — 


again announce 
The Program for Research Opportunities for 
: Medical Students 

| | 1986-87 


HHMI-NIH Research Scholars can spend 9-12 months in one of the 1,000 research laboratories located at the 
NATIONAL INSTITUTES OF HEALTH, Bethesda, MD. 


Salary, fringe benefits and travel will be provided. 
Further information and application forms may be obtained by writing to the 


Howard Hughes Medical Institute, PO. Box 330837, Coconut Grove, FL 33133 


Your request for the application information should be received by December 2nd, 1985. 


Final deadline for return ofall application matérials is January 15th, 1986. 





Director 
Banbury Center 


COLD SPRING HARBOR LABORATORY 


A unique and challenging position which will utilize a 
strong background in the biological sciences in combi- 
nation with writing, publishing and administrative skills. 

The Director is responsible for generating, overseeing 
and facilitating small scientific conferences and the 
selective publication of proceedings emanating from 
these. The Director will also arrange for and administer 
workshops and other educational and writing projects. 


Unusually attractive setting on 45-acre estate overlook- 
ing Long Island Sound, close by the Cold Spring Harbor 
Laboratory grounds proper. Excellent fringe benefits. 
Salary fully commensurate with leadership nature of the 
position and background and qualifications of the 
selected candidate. Starting date: 1 January 1986. Nomi- 


nations for the position or curriculum vitae may be - 


forwarded to: 


J.D. Watson, 

Administrative Director 

Cold Springs Harbor Laboratory 
P.O. Box 100, `: 

Cold Springs Harbor, NY 11724 


+ 


Cold Spring Harbor Laboratory 


An equal opportunity employer 





(NW322)A 





ie.}{ -| LOUGHBOROUGH 
“a1 UNIVERSITY 
z X OF TECHNOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the 


above post, funded by the MRC, to ` 


study the metabolism and phar- 
macology or opioid peptides ; 
Applicants should have a degree or 
equivalent qualification in Phar- 
macology, Physiology Biochemis- 
try or a related subject. 

Salary will be:on the Grade 1B 
Scale (starting at £6,865) Suitable 
applicants may register fora higher 
degree. 

Please apply with curriculum vitae 
and the names and addresses of 
two referees to: Dr. J R Taylor, 
Department of Chemistry, Univer- 
sity of erste Loughborough, 
Leics., LE13TU (7725)A 


CENTER FOR 
NEUROLOGIC STUDY 


-VIROLOGIST/ - - 
MOLECULAR BIOLOGIST 


CNS invites applications for the 


position of Staff Scientist. Ap- 
licants must wish to pursue studies 
of human disorders such as ALS, 
MS and Alzheimer’s disease Con- 
tact: Richard Smith M.D., Director, 


Center for Neurologic Study, 11211 


Sorrento Valley Road, Suite H, San 
California, 92121. (NW315)A 





(NW273)A 


STAFF 
RESEARCHER 


to conduct basic and applied re- 
search on dosage form design 
{conventional and controlled re- 
lease) of new drugs in food pro- 
ducing and other animals. Pro- 
prams will include design and col- 
ction of kinetic and thermo- 
dynamic data, its interpretation the 
development of approaches to 
overcome pharmaceutical for- 
mulation A apa eer and may in- 
clude studies involving diffusion, 
controlled release devices design, 
complexation, use of cosolvent, 
salt identification and formulation, 
prodrug design, lyophilization and 
other pharmaceutical acceptable 
approaches; development and use 
of sophisticated analytical pro- 
cedures; set up and monitoring of 
accelerated and long-term stability 
studies. Ph.D. harmaceutical 
Chemistry plus at least 1 year of 
postdoctoral or equivalent re- 
search experience in areas of new 
drug dosage form design. Strong 
background and experience in 
chemical kinetics, analytical phar- 
maceutical chemistry in use of, 
HPLC, NMR and UV spectroscopy 
and experience with paper tech- 
nology, such as paper coating, 
paper making and paper dis- 
integrating, which can be applied 
to both to the rumen bolus con- 
trolled release system and feed 
premix. $38,500 a year. Job site in- 
terview Palo Alto. Send resume to: 
Job No. 1682, P.O. Box 9560, Sacra- 
mento, CA 95823-9560, no later 
than October 11, 1985. WE ARE AN 
EQUAL OPPORTUNITY EM- 
PLOYER, (NW314)A 
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G.D. Searle is a major international 
pharmaceutical company whose Research 
& Development Division at High Wycombe 
is involved with the discovery of new 
chemical and biological entities. 


A vacancy has arisen within our PROTEIN 
ENGINEERING DEPARTMENT for a Post- 
Doctoral scientist to join an established team 
involved in the design and production of 
modified proteins using molecular graphics 
and recombinant DNA techniques 


Applicants should have demonstrated 
research experience in gene cloning and 
expression coupled with a knowledge of 
protein structure/punification 


SEARLE 





RESEARCH OFFICER 


Required to participate on projects concerned with gene expres- 
sion, differentiation and development in the mouse. Relevant 
experrence of mammalian embryology and tissue culture 
techniques required. 


Applicants must have a proven record for independent work and 
be interested in developing their skills and knowledge in new 
areas. 


Salary will be in the range of £6,483 — £8,492 + £648 London 
weighting taking into account at least two years post qualification 
relevant experience. 


Send full curriculum vitae, to- 
gether with the names of two 


professional referees to: Prof- 
essor A Muggleton-Harris, MRC 
Experimental Embryology & 
Teratology Unit, Wood- 


mansterne Road, Carshalton, Medical Research Council 
Surrey SM5 4EF. (7703)A 


QUANTITATIVE GENETICIST 


The Department of Botany and Plant Sciences, University of Cali- 
fornia, Riverside announces a position as a Quantitative Ge- 
neticist, available July 1, 1986. The position is a tenure track, 11- 
month appointment in the College of Natural and Agricultural 
Sciences and in the Agricultural Experiment Station. Appoint- 
ment will be at Assistant, Associate or Full Professor level, de- 
pending on the experience of the successful candidate. Ph D is 
required, and postdoctoral experience is preferred. The ap- 
pointee will be expected to develop a vigorous, innovative, in- 
dependent research program in basic quantitative genetics with 
applications to plant breeding. He/she will be expected to offer an 
advanced course in Quantitative Genetics and Biometrics and to 
contribute to the departmental undergraduate teaching pro- 
grams. Guidance of graduate students will also be expected. 


Send relevant information, including curriculum vitae and official 
transcripts, and arrange to have at least three letters of recom- 
mendgation sent to: Dr R. K. Soost, Search Committee Chairman, 
Department of Botany and Plant Sciences, University of Califor- 
nia, Riverside, CA 92521. 


Application deadline is December 15, 1985 or later if a suitable 
candidate has not been selected. 


THE UNIVERSITY OF CALIFORNIA, RIVERSIDE, IS AN — 
AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER, 
MINORITIES AND WOMEN ARE ENCOURAGED TO APPLY. 

(NW312)A 





The Company offers competitive salaries, 
23 days holiday, contributory pension fund, 
health insurance scheme, subsidised 
cafeteria, recreation club and modern offices 
in avery pleasant location Generous 
relocation assistance will be available in 
appropriate cases 












Please apply to the 

Personnel Manager, 

Searle Research & Development, 
Lane End Road, Sands, 

High Wycombe, Bucks. 

(Tel. High Wycombe 21124, Ext. 3372). 
Please quote reference R30/242. 


(7757)A 


THE UNIVERSITY OF 
MANCHESTER 
CHAIR OF IMMUNOLOGY 
The University invites applications 
for the Chair of Immunology tn the 
Faculty of Medicine, tenable from 
January tst, 1986, or as soon as 
possible thereafter The University 
wishes to consider candidates with 
interests in any field of immunol- 
ogy Applications {one copy 
suitabie for photographic reprod- 
uction) giving full details of qualtf- 


cations and experience together 
with the names and addresses of 
three persons to whom reference 
may be made, should be sent to the 


Registrar, The University, 
Manchester M13 SPL, from whom 
further particulars may be obtain- 
ed, and be received by him not later 
than October 3ist, 1985. Please 
quote ref 201/85/N Overseas 
candidates may apply by air mail 
letter in the first instance 
{7701)A 
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TWO POSTDOCTORAL 
POSITIONS 


are available immediately for a 
PhD biochemist and a molecular 
biologist to participate in studies of 
gene regulation by steroid recep 
tors Projects include the purifica- 
tion and characterization of human 
estrogen and progesterone recep- 
tors, cloning of the corresponding 
genes and preparation of mono 
clonal antibodies 

Expenence with steroid receptors, 
protein purification and analysis, 
monoclonal antibody production 
and/or recombinant DNA tech 
niques is desired. Salary ts 
negotiable 

Send curriculum vitae and three 
letters of reference to: Dr G. L. 
Greene, The University of Chicago, 
Ben May Laboratory for Cancer Re 
search, 5841S Maryland, Chicago, 
Illinois 60637. (NW326)A 





POSTDOCTORAL 
RESEARCH POSITION 


is available tn Molecular Parasit- 
ology to study developmental 
regulated proteins of the protozoan 
parasite Plasmodia Strong back- 
ground in recombinant DNA tech- 
nology required Starting salary 
$20,000-$25,000 based on ex- 
perience Position avaiable now. 


Applicants should send currtc- 
ulum vitae and the names and ad- 
dresses of three references to: Dr 
Donald F H Wallach, Director of 
Radiobiology Division, Tufts-New 
England Medical Center, 171 Har- 
rison Avenue, Box 824, Boston, MA 
02111 Tufts University is an Equal 
Opportunity/Affirmative Action 
Employer (NW325)A 











BIOCHEMISTRY 


The Department of Biochemistry and Molecular Biology 
at The University of Texas Health Science Centre at 
Houston invites: applications for a tenure-track faculty 
position, at a rank to be commensurate with experience, 
from qualified individuals with a commitment to excel- 
lence in teaching and research in biochemistry and mol- 
ecular biology. 


Responsibilities will include participation in the medical 
school curriculum and in the graduate training program 
within the Graduate School of Biomedical Sciences, as 
well as developing and conducting a high quality in- 
dependent research program. 


Applicants should send a curriculum vitae, list of publica 
ions, a summary of research interests and have three 
letters of recommendation submitted on their behalf to 
Dr. John A. DeMoss, Department of Biochemistry and 
Molecular Biology, The University of Texas Medical 
School at Houston, P.O. Box 20708, Houston, Texas 
77225. 

Applications will be accepted until December 31, 1985, 
Opportunity/Affirmative Action 


An equal Employer. 


Women and minorities are encouraged to apply. 


(NW320)A 
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nature — 





the international journal of science seeks a science journa- 
list for the Washington office of Nature. 


Essential qualifications: 


@ University or equivalent science education, ideally 
with research experience. 


@ Knowledge of and an interest in scientific equipment or 
computers and/or the companies that make them. 


@ Evidence of literacy in English, preferably as published 
work. 


Previous experience of journalism not essential. 


Applications with full curriculum vitae by 9 October 1985 
to the Editor, Nature, 1134 National Press Building, 
Washington, DC 20045. 


+ 


“(7684)A 





ASSISTANT 
SPECIALIST 


It is anticipated that funds will be available from a National 
Institutes of Health or National Science Foundation grant for two 
years, starting December 1, 1985, with possibility of renewals, to 
support a three-quarters to full-time individual ($17,739— 
$27,096) to study DNA from ancient remains and to refine the 
high-efficiency cloning techniques required for this work Appli- 
cant must be proficient at DNA purification, cloning, and se- 
quencing, with documented expertise at working with paleo- 
biological DNA. Candidate must have at least three years work 
beyond the Ph.D., experience tn supervising and teaching, a 
background in methods of evolutionary analyses, and a pub- 
lication record testifying to expertise in the areas involved in the 
project Skills at electron microscopy, specimen photography, 
and computer analyses desirable. Send résumé, names of three 
references, copies of relevant publications by 15 October 1985 to 

Dr Allan C. Wilson, Department of Biochemistry, University of 
California, Berkeley, CA 94720. 


UC BERKELEY IS AN EQUAL OPPORTUNITY 
AFFIRMATIVE ACTION EMPLOYER 
(NW313)A 





Molecular Peptide Design 


Bissendorf Peptide GmbH invites organic chemists, biologists 
and biochemists to apply for a position tn the newly established 
peptide research laboratory. Applicants should posses an excel- 
lent knowledge of protein chemistry and should be able to 
demonstrate a comprehensive knowledge of molecular model- 
ing of peptides. The work will include application of super- 
computers, computergraphic analysis, and expert systems to 
molecular design development of new peptide synthesis 
methods. Applicants should be innovative, respond to challenge 
and should be able to solve biomedical problems rapidly and 
effeciently. Applicants, giving details of qualifications and ex- 
perience, should be sent to: 


Dr. H. Nagtegaal 
ba Bissendorf Peptide GmbH 
® Burgwedeler Straße 25 
Y D-3002 Wedemark 
West Germany 
(W2250)A 
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CSIRO 


AUSTRALIA 
RESEARCH FELLOWS 


(2 positions) 
A$26,001 — A$38,243 
DIVISION OF HORTICULTURAL RESEARCH 


ADELAIDE SA 


GENERAL The aim of the Division’s research is the improvement of 
horticultural crops in Australia The Division undertakes applied and basic 
research on a range of perennial horticultural plants {deciduous and 
evergreen) from both temperate and sub-tropical regions Emphasis 1s 
placed upon the development of new techniques for the selection and 
breeding of improved plant types and on understanding the complex 
Interaction between plant performance and the environment. The Division 
Is using recombinant DNA facilities in investigating the interaction of 
plastid and nuclear DNA and ın a newly initiated programme of Horticul- 
tural Virology. 
LOCATION The Division has laboratories at Adelaide, South Australia 
(Headquarters), Merbein (Victoria) and Darwin (Northern Territory). The 
appointees will be located at Adelaide. 
REFERENCE No A2946 — MOLECULAR BIOLOGIST-PLANT 
VIROLOGIST 
The Virology group is developing research in two areas 
— Characterisation of viroid and virus-like diseases of horticultural 
crops, aimed at the study of their genome structure and the develop- 
ment of nucleic acid probes 
— Manipulation of plant genomes for generating virus resistant lines 
using a Ti transformation system. 
The group has collaboration with virologists at the University of Adelaide 
and Adelaide University Centre for Gene Technology 
DUTIES As a member of the Virology Group, undertake collaborative 
research in the characterisation of disease specific nucleic acids and the 
cloning of viral sequences 
QUALIFICATIONS. A PhD degree or equivalent qualifications in an 
appropriate field such as molecular biology or virology with proven 
research ability and with experience in the application of recombinant 
DNA techniques, 
REFERENCE No A2955 — CELL BIOLOGIST 
DUTIES. To undertake a program of research concerned with the replicat- 
ion of chloroplasts and of chloroplast DNA tn higher plants 
QUALIFICATIONS, A PhD degree or equivalent qualifications with proven 
research ability in botany, biology, plant physiology or biochemistry 
Specialised training in electron microscopy, freeze fracturing, audio- 
radiography, microspectrophotometry and/or DNA technologies would be 
an advantage 
TENURE. Both positions are for a period of three years with the possibility 
of a further term Australian Government Superannuation benefits 
available. 
APPLICATIONS. Stating relevant personnal particulars, including details 
of qualifications and experience, the names of at least two professional 
referees and quoting the relevant reference number should be directed to’ 
The Chief 
CSIRO Division of Horticultural Research 
GPO Box 350 
ADELAIDE SA 5001 
By 4 weeks from date of publication 


CSIRO ts an equal opportunity employer (W2243)A 


MOLTENO INSTITUTE 
MEDICAL RESEARCH COUNCIL 
UNIVERSITY OF CAMBRIDGE 


Graduate Research Assistant 


required for work on trypanosomiasis. General laboratory 
experience required in biochemistry and/or microbiology as well 
as handling animals. The appointment will be funded by the 
World Health Organisation and the Medical Research Council for 
a period of 18 months starting as soon as possible but certainly 
not later than 1 January 1986. The appointment will be on the 
University of Cambridge’s R5 or R6 salary scales with a salary 
probably tn the range of £6,016 — £6,666, depending upon 
experience. 


Applications should be sent to Dr R A Klein, Medical Research 
Council, Biochemical Parasitology Unit, Moiteno Institute, Uni- 
versity of Cambridge, Downing Street, Cambridge, CB2 3EE . 
(0223 — 350577) and two referees asked to write ae | 
7752)A 
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MENZIES SCHOOL OF HEALTH RESEARCH 


Darwin Australia 


RESEARCH OFFICER/ 
POST-DOCTORAL FELLOW 
IN MOLECULAR GENETICS 


The Menzies Schoo! of Health Research is a Post-Graduate Research 
Institute affillated with the University of Sydney Present areas of re- 
search in the school include trachoma and chlamydial disease, nutrition 
and infectious disease in aboriginal populations, heart disease and dia- 
betics, alcohol-related disease, and the molecular basis of susceptibility 
to different diseases, The school has facilities and expertise in computing, 
biostatistics, epidemiology, immunology, microbiology and molecular 
biology, and ıt ts thus able to bring the most up-to-date methods to bear 
upon health problems that are particularly relevant tn the Northern Terri- 


tory 


The School is seeking a Research Officer or Post-Doctoral Fellow in mole- 
cular genetics to work on the ongotng projects such as molecular biology 
of chlamydia trachomatis, human immune response gene or genetics of 
alcohol metabolism in man. Excellent facilities are available which include 


an automated DNA Synthesiser. 


Salary ıs in the range of A$22,614 — 29,764 p.a. The school will pay air- 
fares and a territory allowance for the successful applicant. 


Applications: should include deatails of academic background, research 
experience, and the names of three professional referees. 
To: The Director (Professor J. D. Mathews) (Phone 089-208612) 


Menzies School of Health Research 


PO Box 41096 
Casuarina NT 5892 


Closing Date: 30 October, 1985 


















































FACULTY POSITIONS IN 
MOLECULAR BIOLOGY 
AND BIOCHEMISTRY 


Applications are invited for two 
tenure-track faculty positions at the 
Assistant or Associate Professor 
level in the Department of Mole 
cular Biology at the Northwestern 
University Medical and Dental 
Schools 
Applicants should have a PhD or an 
MD degree and several years of 
postdoctoral training. Candidates 
having research interest and exper- 
ience in the molecular biology of 
eucaryotic differentiation and dev- 
elopment or in membrane struc 
ture and function are especially 
encouraged to apply 
The successful applicants will be 
expected to establish vigorous 
independent research programs 
and to participate tn the teaching of 
graduate, medical and/or dental! 
courses and in the training of grad- 
uate and postdoctoral students 
Applicants should send a complete 
curriculum vitae, a brief descrip 
tion of previous research and 
teaching interests (three to four 
pages), a bibliography and reprints 
of significant published work or 
preprints of manuscripts in press, 
and recommendations from at 
i least three references by October 
31, 1985, to. Dr Robert H Rownd, 
Professor and Chairman, Depart 
meni of Molecular Biology, North 
western University Medical and 
Dental Schools, 303 E Chicago 
Avenue, Chicago, Illinois 60611 
Northwestern University is an 
equal opportunity / affirmative 
action employer and invites 
applications from all qualified 
individuals (NW317)A 


(W2257)A 





UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 


NURSING PRACTICE 
RESEARCH UNIT 


RESEARCH FELLOWS 


The Nursing Practice Research Unit 
funded by the Department of Health 
and Social Security ts undertaking 
research into the Nursing care of 
established pressure sores, catheter- 
acquired urinary tract infection and 
its prevention, and the development 
of measures of nursing care. There 
are vacancies for two research fel- 
lows tn the current research prog- 
ramme. Applicants should be 
science graduates with post-graduate 
research experience preferably in 
areas allied to the Unit’s projects It 
would be an advantage. but not a 
ieee basa for the applicants to 

ave a working knowledge of nurs- 
ing or the health service. 


The posts will both be for a period 
of three years. Salary will be on the 
Research & Analogous Staff Range 
LA (7,520 — £12,150 pa, under 
review) depending upon age, qual- 
ifications and experience with super- 
annuation under USS conditions. 
Interested applicants are invited to 
contact Professor R Crow, Director, 
Nursing Practice Research Unit, on 
Guilford 571281 ext 474. 


Applications in the form of a cur- 
riculum vitae (3 copies) including the 
names and addresses of two referees, 
should be sent to the Personnel 
Office (JLG), University of Surrey, 
Guildford, Surrey, GU2 5XH by 18 
October 1985 quoting reference 
436/N. Written further particulars 
can be obtained from the same 
address or by telephoning Guildford 
571281 Ext 452. (7733) A 


THE UNIVERSITY OF 
MELBOURNE 


DEPARTMENT OF VETERINARY 
PRECLINICAL SCIENCES 


LECTURESHIP 
(CONTINUING) IN 
VETERINARY ANATOMY 


Applications are invited for this 
position. The appointee will be re- 
quired to lecture and conduct prac- 
tical classes ın an integrated course 
of anatomy for veterinary students, 
including the supervision of classes 
involving dissection and other 
aspects of gross anatomy, and to 
develop a programme of research in 
some branch of the anatomical 
sciences. 


Applicants should possess a basic 
degree in veterinary science, agricul- 
tural science or biology: a graduate 
in veterinary science, preferably 
with some clinical experience, would 
be preferred. Substantial post- 
graduate experience ın some field 
related to vertebrate anatomy 1s 
required, and a higher degree would 
be a major advantage. 


Salary in the range $A26,236 — 
$34,467 per annum. 


The appointee will be expected to 
take up the position on or shortly 
after lst January 1986 


Further printed information re- 
garding details of application pro- 
cedure and conditions of appoint- 
ment ıs available from the Appoint- 
ments Officer (Academic), Univer- 
sity of Melbourne, or from the Sec- 
retary General, Association of 
Commonwealth Universities 
apps). 36 Gordon Square, London 
WCIH OPF. 


Applications, in duplicate, includ- 
ing names and addresses of at least 
three referees and quoting position 
number 260 0026, should be 
addressed to the Staff Officer, Uni- 
versity of Melbourne, Parkville, Vic- 
toria 3052, Australia, and close on 31 
October 1985 


Equal opportunity in employment 
is the policy of the University of 
Melbourne. Selection 1s based on 
merit and all applications will be 
assessed regardless of sex, race, 
ethnicity or disability 


Applications from both men and 
women are invited for all vacancies. 
(W2254)A 


UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF GENETICS 


POSTDOCTURAL 
POSITION 


Applications are invited for a post- 
doctoral position funded by SERC 
for an experimental analysis of 
molecular coevolution between 
promoters/enhancers and RNA 
polymerase in the rDNA multigene 
family in species of Drousophila. 


Applications, including curricu- 
lum vitae and names of two referees, 
to Dr G A Dover, Department of 
Genetics, Downing Street, Cam- 
bridge CB23EH.UK. (7716)A 
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UNIVERSITY OF THE WEST 
INDIES 


Mona, Jamaica 


Applications are invited for the 
following posts 


LECTURER/ASSISTANT 
LECTURER IN GEOLOGY 


Primary consideration will be given 

to persons with postgraduate qualifi- 

cations in more than one of the fol- 

lowing: Paleontology, Petroleum 

Geology and Stratigraphy Duties to 
be assumed as soon as possible 


LECTURER/ASSISTANT IN 
ZOOLOGY 


Successful applicant will be expected 
to develop a strong programme of 
research in his/her own speciality 
and to participate in general teaching 
in Zoology. 


Salary Scales (under review): Lec- 
turer J$23,688 x 768 — 28,296 (Bar) x 
825 — 33,246, Assistant Lecturer 
J$20,379 x 717 - 21,813 


Conditions of service (under re- 
view): Up to five full economy class 
passages plus baggage allowance up 
to US$900 on appointment and 
normal termination. Special allow- 
ance up to US$300 for shipment 
of academic books and teaching/ 
research equipment on appointment 

WI 


contribution of equivalent of 10% of 
salary to Superannuation Scheme. 
Unfurnished accommodation at 
10% of pensionable salary (or fur- 
nished at 12⁄2% in Trinidad) or 
housing allowance of 20% of pen- 
sionable salary Subsidized Health 
Service. Annual Book Allowance. 
Annual Study and Travel Grant for 
self, spouse and three children 
Transportation allowance to persons 
who own and operate a motor 
vehicle. 


Detailed applications (three 
copies) giving full particulars of qual- 
ifications and experience, date of 
birth, marital status, and the names 
and addresses of three referees 
should be sent as soon as possible to 
the Campus Registrar, UWI, Mona, 
Kingston 7, Jamaica. Applicants in 
the U.K. should also send one copy 
to the Assistant Secretary General 
(Appointments), Association of 
Commonwealth Universities, 36 
Gordon Square, London WCl1H 
OPF. Further details obtainable from 
either source (W2256)A 





UNIVERSITY OF GENEVA 
MEDICAL SCHOOL 
Geneva. Switzerland 
DEPARTMENT OF MORPHOLOGY 


RENAL 
CELL-BIOLOGIST 


A tenure-track position at the level 
of Research Associate fora M D or 
Ph D with expertise in the cell bi- 
ology of the renal tubule Large facili 
ties for EM, cryofracture and ım- 
munocytochemical techniques 


Send résumé with a recent photo- 
graph to the Chairman, Department 
of Morphology. University Medical 
Center, 1. rue Michel Servet. 1211 
Genéve 4, Switzerland 

(W2247)A 
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OHIO UNIVERSITY 
Three tenure track faculty positions 
at the Assıstant Professor level be- 
ginning September 1986. (1) Bio- 
chemistry, (2) Physical Chemistry; 
(3) Analytical Chemistry 
The chosen candidates wil! be ex- 
pected to contribute to under- 
graduate and graduate teaching tn © 
Ph.D programs and will be expec- 
ted to develop vigorous indepen- 
dent research activities com- 
plementary to those of the present 
members of the Chemistry Depart- 
ment. Candidates with the Ph.D. 
and appropriate postdoctoral ex- 
perience should submit a detailed 
curriculum vitae together with an 
outline of research plans and three 
letters of recommendation to: Dr P 
Johnson (Biochemistry), Dr P. D. 
Sullivan (Physical), or Dr W. D. 
Huntsman (Analytical), Depart- 
ment of Chemistry, Ohio Uni- 
versity, Athens, Ohio 45701, USA. 
The final closing date for com- 
pleted applications is December 
31, 1985. Ohto University is an 
Equal Opportunity/Affirmative 
Action Employer (NW318)A 


The Wellcome Trust 
Scientific Officer 


The successful candidate will 
probably be under 35 and will have 
had first-hand acquaintance with the 
academic scene in the United 
Kingdom Applicants should have 
UK residence status. The post 1s 
either full-time (but may include a 
limited amount of academic work) or 
possibly could be considered on a 
part-time basis Salary related to age 
and experience within Trust scales 
which in turn relate to equivalent 
positions ın medical/scientific 
admunistration. Non-contributory 
pension and private medical 
insurance, 





A medical or screntific graduate 1s 
1equuied to join the staff of the 
Wellcome Trust to assist the Assistant 
Director responsible for the 
management of 1ts Biochemical and 
Cell Biology programme 


Post-graduate qualifications ın a 
relevant field and an established 
research record or a wide general 
interest ın science and medicine are 
essential attributes. An interest ın the 
career development of research 
workers 1s highly desirable. 


This 1s a new post arising from the 
increase 1n funds available for 
distribution by the Wellcome Trust 


Applications, including full curriculum vitae, present salary and the names and 
addresses of two referees, should be sent, marked confidential, to: 

DR. M. J. Morgan, The Wellcome Trust, 1 Park Square West, London NW1 4LJ. 
Tel: 01-486 4962. 


Closing date for applications: 1st November 1985. 


1986-87 High Altitude Observatory 
scientific visitor research appoint- 
ments are available for up to one 
year in solar-terrestrial physics 
(including ionospheric physics and 
aeronomy), and related astro- 
physics. Due by January 15, 1986 
are: 1) a statement of proposed 
research at HAO, 2) a curriculum 
vitae; 3) a list of publications; 4) 
recommendation letters from three 
scientists familiar with applicant's 
work; and 5) transcripts of gradu- 
ate courses and an abstract of Ph.D. 
thesis if applicant has less than two 
years post-Ph.D. experience. 

Send applications to: HAO Visitor 
Committee, High Altitude Observ- 
atory, National Center for Atmos- 
pheric Research, P.O. Box 3000, 
Boulder, Colorado 80307-3000. 

NCAR is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW246)A 


(7759)A 





POSTDOCTORAL 
POSITION 


available immediately for PhD in 
plant microbiology or physiological 
plant pathology to study the physi- 
ology and biochemistry of endo- and 
ecto- mycorrhiza. Previous exper- 
tence with mycorrhiza is desirable. 
Salary approximately Sfr20’000 
Send curriculum vitae and names of 
three referees to: The Director, 
Botanisches Institut, Universitat 
Basel, Hebelstrasse 1, CH-—4056 
Basel, Switzerland. (W2258)A 


PLANT MOLECULAR BIOLOGY 


The Department of Botany, The University of Texas at Austin, is 
seeking applicants for a full-time faculty position to direct 
research, develop a graduate program and teach in the area of 
plant molecular biology. Rank and salary are open, based on 
qualifications. Applicants should possess demonstrated capa- 
bilities for research in some molecular aspect of plant biology 
involving the use of recombinant DNA technology. 


Send curriculum vitae, statement of future research goals, and 
names of three references by 31 December 1985 to: Dr. Tom 
Mabry, Chairman, Department of Botany, The University of 
Texas at Austin, Austin, Texas 78713. (NW321)A 


nature — 


the international journal of science seeks a science journa- 





INSTITUTE 
OF ANIMAL 


PEA 
AIRG TECHNOLOGY 


DEPARTMENT OF MOLECULAR EMBRYOLOGY 
BABRAHAM, CAMBRIDGE CB2 4AT 


POSTDOCTORAL MOLECULAR/ 
DEVELOPMENTAL BIOLOGISTS 





Applications are invited for two postdoctoral research posts in a group 
working on gene expression during embryonic development. The existing 
team ıs active in a number of areas including studies on mammalian 
homeobox containing genes, preparation of cDNA libraries from early 
embryonic RNA and construction of hybrid genes for injection into the 
embryos of mice and domestic species. Applicants should have an interest 
in this type of work and preferably have a background in cellular, 
developmental or molecular biology. The new appointees will be expected 
to pursue research topics within the existing framework. Good facilities for 
molecular biology, tissue culture and DNA injection exist. Facilities for 
large and small animals are on site 


Appointments will be for 3 years with starting salary according to 
qualifications, age and experience within the pay scales: HSO (£9,004— 
£10,541) or SSO (€£9,772-£12,653) There is a non-contributory 
superannuation scheme Application forms available from the Director's 
Office quoting ME2/ST3/Ni Closing date for applications. 25 October 1985. 
(7713)A 





list to work as a general reporter in the London office of 
Nature. 


Essential qualifications: 
@ University or equivalent science education, ideally 
with research experience. 


@ Evidence of literacy in English, preferably as published 
work. : 


Previous experience of journalism not essential. 


Applications with full curriculum vitae by 15 October 1985 
to the Editor, Nature, 4 Little Essex Street, London WC2R 
SLF. 


(7685)A 
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Through advanced teaching and 


Cranfield 


applied research, Cranfield has created centres of excellence 
in high technology and management which provide an 
increasingly valuable service ta industry, commerce, 


agriculture and defence 






RESEARCH 












AG 
pee ASSISTANT 


A UNIQUE OPPORTUNITY FOR CAREER 






ERIAL 


ADVANCEMENT IN MANAGEMENT OF 
SCIENCE 


As a result of continued expansion, the Joint Director of the Crantield 
Biotechnology Centre and the Leicester Biocentre is seeking a 
Managerial Research Assistant to provide support in the management 
and development of the Centres especially in relation to academic and 
research aspects, but also liaising with other personnel involved in 
laboratory management The appointee would also be heavily involved 
in the creation of new business ventures 


Detailed responsibilities include - 


© Close liaison with and support for the Director in his 


duties atalllevels 


@ Researching and writing project proposals, reports, papers 


and publications 


@ Co-ordination of finance, preparation of annual budget, 


costings of contracts etc 


@ Publicity, production of brochures, press releases, exhibition 


organisation 


© Organisation of visits to the Centre and seminar programmes 


The successful applicant will have a scientific/ftechnical background 
with a first degree tn an appropriate scientific subject, knowledge of a 
research environment and a desire to move into Management As the 
post wil involve travel and irregular hours, he/she will need to be 
completely mobile and highly committed Preference will be given to 
applicants with research expenence and business expenence/ 


awareness 


Initial salary in the range £7,820 - £12,635 per annum with cpporiunities 


for promotion/career advancement 


For an application form and further information please contact the 
Personnel Department, Cranfield Institute of Technology, 
Cranfield, Bedford MK43 GAL. telephone Bedford (0234) 750111 


ext. 3343, quoting reference 5143K. 


(7758)A 


Biotechnology Centre 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


(University of London) 


DEPARTMENT OF DIAGNOSTIC 
RADIOLOGY AND CLINICAL 
PHARMACOLOGY 


TECHNICIAN 


Technician ts required to work on 
the devclopment of contrast agents 
for use in the measurement of renal 
blood flow and lung function in 
animals This will involve the meas- 
urement of biochemical and physiol- 
ogical parameters to assess the funct- 
ion of these organs. Some of the 
contrast agents will also be used in 
the development of clintcal X-ray 
scanning techniques. One year's ex- 
perience in general biochemical or 
physiological techniques and the 
possession of a Home Office licence 
would be an advantage Candidates 
should have a degree or equivalent in 
a relevant subject 


The post 1s for two years ın the first 
instance. Salary up to £5,795 plus 
£1.084 London Allowance 


Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Postgradu- 
ate Medical School. [50 Ducane 
ova: London W12 OHS quoting ref 
20/T 


Closing date 10 October 1985 
(7737)A 


THE UNIVERSITY 
OF LEEDS 


DEPARTMENT OF ANIMAL 
PHYSIOLOGY AND NUTRITION 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above post for work on the endo- 
crinology of growth in farm and 
laboratory animals. involving the use 
of hormone radioimmunoassay tis- 
sue culture and immunological tech- 
niques 


A good honours degree in a bio- 
logical saence and a Ph D in some 
aspect of anımal science are re- 
quired. 


Post available immediatcly for a 
fixed term of up to threc vears 


Salary on the 1A Range for Re- 
search and Analogous Staff (£7,520 
—£12.150. under review). according 
to age. qualifications and experi- 
ence 


Informal enquiries may be made 
to Dr R G Rodway (tel (0532) 
431751 ext 7388). 


Application forms and further 
particulars may be obtained from the 
Registrar. The University. Leeds 
LS? IJT. quoting reference number 
61/25 


Closing date for applications 24 
October (7704)A 


ROTHAMSTED 
EXPERIMENTAL STATION 


Harpenden, Herts ALS 2JQ 


The Plant Pathology Department of 

Rothamsted Experimental Station ts 

seeking applicants for the following 
three year appointments: 


HIGHER SCIENTIFIC 
OFFICER 
and SCIENTIFIC OFFICER 


required to develop novel tech- 
niques for detecting and character- 
ising fastidious intravascular pro- 
karyote pathogens of tropical crops 
The project aims to develop diagnos- 
tic tests suitable for use ın developing 
countries using cDNA probes (dot 
blotting) and monoclonal antibodies 
prepared from both cultured and 
non-cultivable bacterial or muco- 
plasma-like pathogens of plants. A 
comprehensive taxonomic study will 
also be made with some of these or- 
ganisms. The project is funded by 
the Overseas Development Adminr- 
stration and will involve short visits 
to Africa and the Far East. 


Post Ref. 603 


Qualifications: Bacteriologist/bio- 
chemist with experience in DNA 
cloning and hybridisation or mono- 
clonal antibody techniques and in 
the identification of bacteria The 
post is suitable for candidates who 
have completed a PhD or expect to 
do so shortly. 


Salary: On Higher Scientific Offt- 
cer scale £7,788 — £10541 


Post Ref 604 


Qualifications Immunologist/bac- 
teriologist, with experience in gen- 
eral bacteriological and biochemical 
techniques, preferably including use 
of monoclonal antibodies or molec- 
ular biology 


Salary: On Scientific Officer scale 
£6,190 — £8,561. 


Applications, with full career de- 
tails and the names of two referees 
should be sent ot the Secretary 
quoting the relevant reference num- 
ber Closing date. 18 October Fur- 
ther details on request 


We are an equal opportunities 
employer. (7728) A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF PHYSIOLOGY 


TECHNICIAN 


is required to assist in a cardiovas- 
cular laboratory working in a Re- 
search Group investigating aspects 
of the nervous control of the circula- 
tion under the direction of Professor 
K. M. Spyer The post, funded by 
the M R.C. ıs available for two 
vears from | October, 1985. 


Further particulars and applica- 
tion forms are available from the 
School Office R.F H.SM. Row- 
land Hill Street. London, NW3 2PF 
(01-794-0500) Extn 4262) Closing 
date for applications 10 October. 
1985 Please quote reft PHY/T. 

(7708)A 


UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF BOTANY 


Wolfson Unit of Plant 
Molecular Technology 


POSTDOCTORAL FELLOW 
IN IMMUNOCHEMISTRY 


A postdoctoral research associate 
with a background in immunochem- 
istry 1s required to establish a mono- 
cional antibody laboratory This pro- 
ject is supported by the Wolfson 
Foundation and 1s linked to two re- 
search groups in plant molecular 
physiology/biochemistry and plant 
genetic manipulation. The successful 
applicant should be experienced ın 
immunological techniques. prefer- 
ably monoclonal antibody method- 
ology The appointment will be on 
the Research 1A scale for a duration 
of three years commencing as soon 
as possible 


Informal enquines and applica- 
tions, including C V and names of 
two referees, to Dr John Draper. 
Department of Botany. University 
of Leicester, University Road. Ler- 
cester. LE] 7RH Tel (0533) 554455 
Aad Closing date: 20 October 
1985 


RESEARCH TECHNICIAN - 
IMMUNOCHEMISTRY 
GRADE 3 


A research technician is required to 
assist a postdoctoral worker in a 
monoclonal antibody labora- 
tory The successful candidate will 
preferably have some ex-pertence in 
animal cell culture and monoclonal 
antibody tech-niques This post will 
be for three vears commencing as 
soon as possibic. 


Informal enquiries and applica- 
tions. including C V and names of 
two referees, to Dr John Draper. 
Department of Botany. University 
of Leicester. University Road. Ler- 
cester, LEI 7RH. Tel (0533) 554455 
ext 327 Closing date: 20 October 
1985 (7739)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
VIROLOGY DIVISION 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to joi a small group 
studying coronavirus gene 
expression and replication. The 
position which is funded by the 
Agricultural and Food Research 
Council, is available immediately for 
three years in the first instance with 
the possibility of renewal for a 
further period Experience in nucleic 
acid or protein biochemistry and 
recombinant DNA work would be 
an advantage. Salary in the range 
£7,980 — £8,920 (under review) 
according to age and experience 


Applications (with = curriculum 
vitae and the names and addresses of 
two referees) should be sent to The 
Superintendent, Department of 
Pathology. Tennis Court Road, 
Cambridge CB2 1QP. Please quote 
RG 8152 Further details from Dr 
Inglis. Tel (0223) 245171 Ext. 313. 

(7721)A 
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MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


Physical Biochemistry Division 


Applications are invited for a post of 


POSTDOCTORAL 
SCIENTIST 


to work on a project using high res- 
olution nuclear magnetic resonance 
(NMR) spectroscopy to investigate 
the specificity of nucleotides binding 
to proteins Excellent NMR facilities 
(Bruker AMS00, WM200 and 
WH270 spectrometers) are available 
for these protein-ligand binding 
studies in the Biomedical NMR Cen- 
tre at the Institute. 


Candidates should have experi- 
ence of modern NMR techniques 
(such as two dimensional methods) 
and preferably have postgraduate 
experience in an NMR laboratory 
working on biological problems 
Those with experience in protein 1so- 
lation and purification or in the use 
of molecular graphics are particu- 
larly urged to apply but all applicants 
with biological NMR experience will 
be considered. 


The salary depending on age and 
experience will be within the range 
of £8,920 pa — £10,720 pa plus 
£1,233 London Weighting pa (Pay 
award pending). The position will be 
for three years. 


Further details about the post can 
be obtained by contacting Dr J 
Feeney at the Physical Biochemistry 
Division Applications, together 
with Curriculum Vitae, research ex- 
perience and interests, plus the 
names of two professional referees 
should be made before 1 November 
to the Asststant Director, The Na- 
tional Institute for Medical Re- 
search, The Ridgeway, Mull Hill, 
London NW7 1AA quoting refer- 
ence PB/1 (7730)A 


UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


LECTURER 
IN PHYSIOLOGY 


Applications are invited from gradu- 
ates with a research interest ın exer- 
cise physiology 


Salary within the following scale: 
Lecturer Science NZ$28,000 — 
$35.000 per annum 


Further information may be ob- 
tained from the Secretary General. 
Association of Commonwealth Uni- 
versities (Appts), 36 Gordon 
Square, London WCIH OPF., or 
from the Registrar of the University. 
P.O. Box 56, Dunedin, New Zea- 
land Additional detailed inform- 
ation may be obtained from Profes- 
sor A D C Macknight, Chairman, 
Department of Physiology. Univer- 
sity of Otago Medical School, P O 
Boa 913. Dunedin. New Zealand. 


Applications close on 30 Novem- 
ber 1985 (W2255)A 


Rheumatoid Disorders 


Key Research Post 


ICI is committed to the discovery of a new 
generation of drugs for the treatment of 
rheumatoid arthritis and related disorders. 
To help us in this important task we need a 
post doctoral bioscientist with a background 
in the pathology of connective tissue 
diseases and/or inflammation research 

It would also be helpful to have an interest in 
and appreciation of the immunobilogy of 


these areas. 


Preference will be given to candidates with 
two or more years of post doctoral 
experience although graduate students 
expecting to complete their doctorates in 
1985 or 1986 will also be considered if they 
have an appropriate research background. 
Candidates must be able to demonstrate a 


research. 


of practical ability and evidence that they 
can Initiate and execute independent 


The successful candidate would joina 
substantial interdisciplinary research team 
within which there ıs ample scope for a 
personal contribution to drug discovery 
and long term career development. 


Salary and conditions of employment will 


capacity for. original thought, a high level 


Project “Onocogen and oncoprotein 
expression in human tissues” offers: 


2 POSTDOCTORAL 
POSITIONS 


for molecular biologists with experi- 
ence in tissue culture and immuno- 
logical techniques or protein chem- 
istry, alternatively 


Salaries according to the rules of 
the German public service (BAT) 


Applications including CV and 
names of two referees should be sent 
to. Harald Stein, M D Professor of 
Pathology, Klinikum Steglitz. Free 
University of Berlin, Hindenburg- 
damm 30, D-1000 Berlin 45, West 
Germany (W2240)A 


UNIVERSITY OF BATH 


SCHOOL OF PHARMACY 
AND PHARMACOLOGY 


RESEARCH OFFICER 


Applications are invited for the post 
of Research Officer to work'on a 
project investigating ‘cholinergic 1n- 
fluences on social behaviour ın the 
guinea-pig ` Expertise im behav- 
1oural techniques ıs essential, and a 
knowledge of pharmacology an ad- 
vantage. The 3 year Arpo armen 
will be at a Post-Doctoral level. 


Commencing salary up to £8.920 
pa (under review) 


Application forms from the Per- 
sonnel Officer, University of Bath. 
Bath, BA2 7AY. quoting ref no: 
85/152 Closing date 10 10.85 In- 
formal contact may be made wıth Dr 
P H Redfern on Bath (0225) 61244 
ext 797 (7717)A 


reflect the importance of this post and the 
experience of the appointee. 


Our Laboratories are situated ın pleasant 
parkland but within easy reach of main road, 
rail and air routes 


Applications, including a comprehensive 
cv., should be addressed to: 


The Personnel Officer (Ref RD/RY), 


ICI Pharmaceuticals Division, 


Mereside, Alderley Park, 


Macclesfield, Cheshire SK10 4TG. 


ICI is an equal opportunities employer 





UNIVERSITY COLLEGE 
DUBLIN 


POSTDOCTORAL FELLOW 


A Postdoctoral Fellow 1s required to 
study gene transter in pituitary tu- 
mour cells in culture using retroviral 
vectors Experience in Molecular Bi- 
ology or Cell Culture is desirable 


Send curriculum vitae and names 
of two referees to: Dr F Martin, De- 
partment of Pharmacology, Univer- 
sty College Dublin, Fosters 
Avenue, Blackrock. Co Dublin 
Phone 693244, ext 557 betore Octo- 
ber 31. 1985 (7706)A 





UNIVERSITY 
OF MANCHESTER 


LECTURER 
IN CELL BIOLOGY 


Applications invited for this post 
tenable from a date to be arranged in 
the Department ot Oncology, 
Christie Hospital and Holt Radium 
Institute. Manchester M20 9BX 
(head of department. Professo: D 
Crowther) The appointee will join a 
team studving epithelial-stromal ım- 
teractions in the control of human 
tumour proliferation and metastasis 
Salary according to qualifications 
and experience in the range £7.520— 
£14.925 pa (under review) Super- 
annuation. Particulars and applica- 
tion torms (returnable by October 7) 
from the Registrar. The University, 
Manchester M13 9PL Quote tet 
218/S3/N (7710)A 


(7753)A 


UNIVERSITY OF 
HONG KONG 


LECTURER IN 
BIOCHEMISTRY 


Applications are invited for a Lect- 
ureship in Biochemistry at the Uni- 
versity of Hong Kong. Candidates 
from any field of research will be 
considered although experience in 
molecular genetics and/or immunol- 
ogy would be an advantage Dep- 
artmental accommodation and facil- 
ities are good. and a high degree of 
co-operation exists among members 
of staff in both teaching and res- 
earch Annual intake comprises 150 
medical students. 60 dental students 
and approximately 30 science stud- 
ents 


Annual salary (superannuable) ıs on 
an llI-point scale HK$160.980 - 
269.100 (approx £14,910 - 24.920. 
sterling equivalent as at September 
4.1985) Starting salary will depend 
on qualifications and experience At 
current rates. salaries tax will not 
exceed 17% of gross income Hous- 
ing benefits at a rental of 7% of sal- 
ary. children’s education allowance. 
leave. and medical benefits are 
provided 


Further particulars and application 
forms may be obtained from the Sec- 
retary eneral, Association of 
Commonwealth Universities 
Ce 36 Gordon Square. London 
WCIH OPF. or from the Appoint- 
ments Unit. Secretary's Office. Uni- 
versity of Hong Kong. Hong Kong 
Closes. 25 November 1985 
(W2244)A 
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FLOUR MILLING AND BAKING 


D 
FMBRA RESEARCH ASSOCIATION 


CURE 


PHYSICAL SCIENTIST 
(Rheology) 


The FMBRA carries out cooperative basic and applied research 
on behalf of the UK flour milling and baking industries A position 
is available in the Fundamental Research Group. (Group Head. Dr 
J.D. Schofield) for a physical scientist. The research will examine 
the rheology of individual components of bread dough and other 


flour-based systems and interactions between components in 
relation to processing characteristics and baked product quality. 
Experience in the application of rehology to food systems is 
desirable but not essential. 


Applicants should have or expect to obtain a PhD and possibly up 

to 4years post-doctoral experience; the ability to devise research 

projects and to communicate effectively with colleagues in other 

disciplines is important. 

Please write for further details to Professor Brian Spencer, 

Director General, FMBRA, Chorleywood, Herts. WD3 gh | 
7750)A 





THE UNIVERSITY and relocation in Melbourne may be 

OF MELBOURNE ia appointee from interstate 
SCHOOL OF PHYSICS ae 

Further printed information re- 

RESEARCH FELLOW garding details of application pro- 

GRADE | cedure and conditions of appoint- 

: ( ) ment 1s available from the Appoint- 

(Extendible Tenure (Readver- ments Officer (Academic), Univer- 

tised) sity of Melbourne, or the Secretary 


Applications are invited for appoint- 
ment as a Research Associate in the 
School of Physics to work on ARGS- 
funded physics programme ~— 
“Theoretical Studies in Intermediate 
Energy Nuclear Physics”. 


The position is tenable for two 
years from date of appointment tn 
1986. Applicants should hold a PhD 
in theoretical nuclear physics or a re- 
lated discipline. 


Further details of the position may 
be obtained from Dr Ken Amos on 
(03) 344 5087. or Dr lain Morrison 
on (03) 344 7403 


Salary up to $A24.591 per annum 
within the range of $A22,614 to 
$A25.905 per annum A contrib- 
ution towards the cost of travel to 


General, Association of Common- 
wealth Universities (Appts), 36 Gor- 
don Square, London WC1H OPF 


Applications, im duplicate, 1n- 
cluding names and addresses of at 
least three referees and quoting posi- 
tion number 640 A564, should be ad- 
dressed to the Staff Officer, Univer- 
sity of Melbourne, Parkville, Vic- 
toria 3052, Australia, and close on 30 
November 1985. 


Equal opportunity in employment 
is the policy of the University of Mel- 
bourne Selection is based on merit 
and all applications will be assessed 
regardless of sex, race, ethnicity or 
disability. 


Applications from both men and 
women are invited for all vacancies. 
(W2253)A 


A rapidly expanding international biotechnology firm 
located in Lyon, France with research facilities in Europe 
and in the US has a vacancy for: 


MOLECULAR GENETICIST 


The functions of this position includes the responsibility 
of following up research made within or without the firm in 
the fields of genetic engineering. 


The research performed in this company is of an extreme- 
ly high standard. . 


The candidate should have a PhD with a post-doctoral 
experience or at least 3 years and have excellent know- 
ledge of genetic engineering and molecular biochemistry 
along with practical experience. Previous business orient- 
ed experience is an asset. A good command of the English 
language is required and knowledge of French an addi- 
tional asset. Compensation is attractive. This is a position 
for career development. 


All applications will be treated in absolute confidence and 
should be sent with a résumé and photo to: Dr Bonneau, 
Director of Research, Transia, 119 Avenue De Saxe — 
69003 Lyon France whowillforwardthem.  (W2259)A 





MONASH UNIVERSITY 


MELBOURNE - AUSTRALIA 
POST-DOCTORAL 
RESEARCH IN 
MOLECULAR BIOLOGY 
OF FLAVIVIRUSES 


NH&MRC position available 
now and funded until Dec- 
ember 1987, for research in 
flaviviruses replication and 
mole-cular basis of expression 
in conjunction with research 
group characterizing cDNA lib- 
raries of Kunjin RNA and den- 


gue 2 RNA in plasmid vectors. 
Salary: $422,614 - $A32,115. 
Letter or phone enquiries to Dr 
E G Westaway (03) 541 3228, 
Department of Microbiology. 


Applications including Ref No 
30962, qualifications, experi- 
ence and 3 referees to the Reg- 
istrar, Monash University, 
Clayton, Vic, 3168, Australia, 

by 25th October 1985. 

AN EQUAL OPPORTUNITY 

EMPLOYER 

(W2242)A 





UNIVERSITY OF SURREY 


DEPARTMENT 
OF MICROBIOLOGY 


RESEARCH OFFICER 


Applications are invited for the 
above three year post which 1s fund- 
ed by the Medical Research Council 
The successful candidate will work 
with Dr P G Sanders (in collabora- 
tion with Dr J Best, St Thomas’ 
Hospital, London) on the molecular 
biology of rubella. Candidates 
should have relevant experience in 
molecular biology or virology and 
will be expected to register for a 
higher degree 


The starting salary will be £6.600 
pa (under review) on the Research & 
Analogous Range IB with superann- 
uation under USS conditions. 


Applications in the form of a cur- 
riculum vitae (3 coptes) including the 
names and addresses of two referees 
should be sent to the Personnel Of- 
fice (JLG), University of Surrey. 
Guildford, Surrey, GU2 SXH by 11 
October 1985 quoting reference 
437/N. Further details can be ob- 
tained from Dr Peter Sanders, tele- 
phone 0483 571281 ext 812. 

(7734)A 


UNIVERSITY OF LONDON 


St George’s Hospital 
Medical School 


DEPARTMENT OF PHYSIOLOGY 


DEPARTMENTAL 
TECHNICIAN — GRADE 5 


required primarily to assist Drs M 
Stock and S Whitehead on brown fat 
metabolism and on reproductive 
neuroendocrinology Experience in 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from surt- 
ably qualified men and women for 
appointment to the following posit- 
ion’ 


RESEARCH SCHOOL OF 
PHYSICAL SCIENCES 


DEPARTMENT OF NUCLEAR 
PHYSICS 


POSTDOCTORAL FELLOW 
GRADE 1/RESEARCH 
FELLOW 


The Department (Head. Professor 
J.O. Newton, FAA) carries out 
research m heavy-ion nuclear phys- 
ics with beams provided by the 
14UD pelletron tandem (14.3 MV 
terminal) The main areas are: react- 
ions, scattering and exotic nuclei, 
measurements of quadrupole 
moments through Coulomb excitat- 
ion; high angular momentum 
phenomena through y-ray fission 
and fusion measurements. 


i rt 30 October 1985 
ef: PS 12 9.1 


Conditions of appointment Salary 
will be in accordance with qualificat- 
ions and experience within the 
range. Postdoctoral Fellow Grade 1 
A$22,614— $25,905 pa, Research 
Fellow A$26,236-$34,467 pa; cur- 
rent exchange rate: AS1l = UK 50p 
aa aly will be: Research 
Fellow normally up to three years 
with the possibility of extension to 
maximum of five years; Postdoctoral 
Fellow normally two years, with the 
possibility of extension to maximum 
of three years. Grants are provided 
towards travel and removal Assist- 
ance towards housing 1s given to an 
appointee from outside Canberra 
Eligible appointees will be required 
to join the Superannuation Scheme 
for Australian Universities Matern- 
ity leave 1s available The University 
reserves the right not to make an 
appointment or to make an appoint- 
ment by invitation at any time 


Applicants should quote the 
advertisement reference when re- 
questing further particulars and 
when submitting applications. which 
should be sent to the Acting Regis- 
trar of the University, GPO Box 4. 
Canberra, ACT 2601, Australia 
Further particulars also available 
from the Secretary General, Asso- 
ciation of Commonwealth Universit- 
ies (Appts). 36 Gordon Square, 
London WC1H OPF. 


The University is an equal oppor- 
tunity employer 
(W2260)A 


biochemical, pharmacological and 
hormone assay techniques desirable 
Candidates should be appropriately 
eee Salary scale £6,581 — 
7,684 pa plus London Allowance 
£765 pa 


Application form and further de- 
tails from the Personnel Officer, St. 
George’s Hospital Medical School, 
Cranmer Terrace, London SWI17 
ORE. Tel No 01-672-1255 ext 4873 
Closing date 17th October. 


Please quote reference number 
23/85. (TT3L)A 
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THE UNIVERSITY OF 
LEEDS 


Biotechnology Unit 


MEMBRANE-PROTEIN 
ENGINEERING 


Applications are invited for a post of 
POSTDOCTORAL 
RESEARCH FELLOW 


to work on a protein engineering 
project to study membrane anchor 
regions in hybrid enzymes. This 
work will involve recombinant DNA 
methods (including the use of oligo- 
nucleotides), enzymological and 
immunological techniques 


Applicants should have a PhD in 
Biochemistry, Genetics or a related 
field preferably with experience in 
membrane protein biochemistry and 
experience in, or willingness to learn 
recombinant DNA techniques. 


Post available immediately for a 
fixed period of up to two years 


Salary within the range £7,520 — 
£9,860 (under review) on the 1A 
Range for Research and Analogous 
Staff according to age, qualifications 
and experience. 


Informal enquiries may be made 
to Dr M J McPherson (tel (0532) 
431751 ext 402). 


Application forms and further 
oe may be obtained from the 

egistrar, The University, Leeds 
LS2 9JT, quoting reference number 
201/6. Closing date for applications 
17 October 1985 (7748)A 


THE CITY UNIVERSITY 
DEPARTMENT OF PHYSICS 


POST DOCTORAL 
RESEARCH FELLOW 


Applications are invited for an Ap- 
plied Mathematician or Seismologist 
to join the Ultrasonics Group. The 
project 1s to undertake theoretical 
studies of diffraction effects associat- 
ed with the propagation of short 
ultrasonic pulses in solid media The 
Group applies knowledge gained 
from such studies to develop 1m- 
proved techniques for high- 
resolution non-destructive testing. 
Previous theoretical work “in the 
Group has made use of finite differ- 
ence methods as well as a good back- 
ground knowledge of numerical 
techniques for evaluating complex 
integral expressions. 


The project is funded by the 
SERC and ıs tenable ın the first 
instance for two years from Ist 
October 1985. Salary will be within 
the Research scale 1A (under 
review) £8,817 to £13,447 per annum 
inclusive of London Allowance. The 
starting salary will depend on age 
and experience but will not be less 
than £10,217 Applications with CV 
and the names of two academic ref- 
erees should be sent to Dr J P 
Weight, Department of Physics, The 
City University, Northampton 
Square, London, EC1V 0HB 

(7732)A 


UNIVERSITY OF SUSSEX 


RESEARCH FELLOW IN 
MICROBIAL GENETICS 
(M/F) 


Applications are invited for the 
above post to study the effects of 
certain “non-essential” genes of 
bacteriophage Mu on transposition 
and DNA synthesis This project is a 
collaborative one with laboratories 
in the Universities of Rome and 
Alabama, and will involve cloning of 
the genes of interest followed by pro- 
tein purification and “in vivo” and 
“m vitro” studies of their gene 
products. 


The post ıs funded by the Medical 
Research Council and is available for 
3 years from an agreed date. Salary 1s 
on the [A range of research staff 
(£7,520 to £12,150 per annum) 


Applicants should hold, or expect 
shortly, a PhD in a relevant discip- 
line Informal enquiries can be made 
to Professor N Symonds (Tel: 0273 
606755 ext. 487) to whom applicat- 
ions, including a CV and the names 
of two referees, should be sent 
(Microbial Genetics Group, Biology 
Laboratory, University of Sussex, 
Brighton, Sussex BN1 9QG) 

(7702)A 


UNIVERSITY OF BATH 
School of Biological Sciences 
RESEARCH OFFICER 


Applications are invited for a Post- 
doctoral Research Officer to work 
with Dr R G Board on natural anti- 
microbial systems and their applica- 
tion in food preservation. 


The appointment is for one year 
intially. z 


Starting salary up to £9,390 (under 
review). 


Application forms from the Per- 
sonnel Officer, University of Bath, 
Bath BA2 7AY, quoting ref no: 
85/153. Closing date: 10/10/85. 

_  (TT47I)A 


UNIVERSITY OF LONDON 


Royal Free Hospital 
School of Medicine 


DEPARTMENT OF 
NEUROLOGICAL SCIENCE 


TECHNICIAN/ 
SENIOR TECHNICIAN 


required to culture and characterise 
human cell hnes implicated ın auto- 
immune neural damage in cancer 
The applicant would jom an MRC 
programme grant supported group 
of clinical and basic scientists study- 
ing autoimmunity at the neuro- 
muscular junction The post 1s avail- 
able initially for 1 year, and ıs funded 
by the Sir Jules Thorn Charitable 
Trust Salary up to Whitley Council 
Semor MLSO level. according to 
qualifications and experience 


Further details and application 
forms available from the School Of- 
fice. RFHSM. Rowland Hill Street. 
London, NW3 2PF (01-794-0500 Ext 
4262). Closing date: 11 October 
1985 Please quote ref JND/T/ST 

(7745) 


THE INSTITUTE OF OCEANOGRAPHIC SCIENCES 
WORMLEY, SURREY. 


The Institute of Oceanographic Sciences is a component 

© body of the Natural Environment Research Council, a 
government funded body responsible for research into 
environmental sciences. We now have vacancies for the 
following:— 


Marine Sediment 
Geochemist 


3 year period appointment 


The person appointed will be a member of a co-ordinated 
study into geochemical cycling in the marine environment, 
with particular emphasis on the role of sediment com 
ponents in controlling the migration of radioactive waste, 
emplaced in deep ocean sediments. A minimum of 2 years’ 
postgraduate experience in sediment geochemistry, prefer- 
ably, including collection and chemical and mineralogical 
examination of deep-sea cores, is essential. Ref 85/014/661. 


Seismologist 


5 year period appointment 


The person appointed will be involved in research into the 
nature of the oceanic lithosphere using methods of con 
trolled-source seismology, with particular emphasis on the 
“upper crust and sediments, and the structure of positive 
continental margins. A minimum of 2 years’ postgraduate 
experience in solid earth geophysics, preferably tn seis 
mology. Marine experience is not essential, but mathe 
matical ability would be an advantage. Ref 85/015/657. 


Both posts, which are located in Wormley, Surrey, are 
graded at Higher Scientific Officer level, candidates should 
have a First or Second Class Honours degree or equivalent 
qualification, starting salary according to age, qualifications 
and experience, will be in the range £7,788-to £10,541 per 
annum. 


The NERC is not a government department, but conditions of 
service are similar to those of the Civil Service. 


For further information and an application form, please 
contact, The Secretary, Institute of Oceanographic 
Sciences, Brook Road, Wormley, Godalming, Surrey, GU8 
5UB, telephone Wormley (0428-79) 4141 extension 272. 
Please indicate which post you are interested in. 


sang date for completed application forms is 17 October 
i (7756)A 





































Natural 
Environment 
Research 

Council 


















Our major interests are lipid metabolism and 
atheromatous disease, immunopharmacology, 
venous thrombosis and wound healing, and we 
have new projects in gastroenterology and de- 
generative diseases of ageing 

Our Research Centre is based in Dijon, a city with 


LABORATORIES FOURNIER 


We are a progressive, middle-sized French com- 
train). 


pany, firmly committed to innovation, improvement 
and expansion abroad 

For further support of our ATHEROSCLEROSIS RESEARCH GROUP, we 
require 





TWO SCIENTISTS 
PhD level, with post-doctural experience 
1. inthe field of lipoprotein metabolism and biochemistry 
2 inthe field of enzymology of cholesterol and triglyceride metabolism 
Applications should be accompanied by a full up-to-date CV describing 
experience and research interests, together with the names of two 
referees and sent to: i 
Laboratoires FOURNIER, Mr. LEBRE, Direction du Personnel, B.P. 108, 
21302 CHENOVE Cedex, France. {(W2245)A ` 
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ESD 
FMBRA 


ER 
FLOUR MILLING AND BAKING 
RESEARCH ASSOCIATION 


We have a vacancy for a graduate with a BSc or PhD in science or engineer- 


ing to carry out research in our Milling Section. Training will be given in 
technical aspects of flour milling, since the work also involves some par- 
ticipation in assessing the milling quality of home-grown wheat varities, 
haison with Member mills and installing and monitoring of prototype 


equipment 


The initial salary will be related to age, qualifications and any previous job 
experience, with good prospects of promotion for a suitable candidate. 
Piease send your CV to: Martin Yates, FMBRA, Chorleywood, Herts. WD3 


5SH. Closing date for applications is 10 October 1985. 


POSTDOCTORAL POSITION 


available immediately to study 
membrane transport and metabo- 
lism during sepsis. Research will 
involve use of “Ca and fluorescent 
Ca indicators in skeletal muscle 
preparations. Applicants should 
have doctorate in physiology and 
interest m cellular metabolic 
aspects 


Contact: Dr. M Sayeed, Depart- 
ment of Physiology, Loyola Univer- 
sity Stritch School of Medicine, 
Maywood, IL 60153. Telephone. 
312-531-3402. 


An Equal Opportunity/Affirmative 
Action Employer. (NW327)A 


NORTH EAST 
BIOTECHNOLOGY CENTRE 
AT TEESIDE POLYTECHNIC 


LEA RESEARCH 
ASSISTANT 


PROTEIN 
PRECIPITATION 


The following research post is 
available to the North East Bio- 
technology Centre in the Chemical 
Engineering Department. The post 
is tenable for 3 years only. 


The Research Assistant will investi- 
gate factors controlling the particle 
size of protein and nucleic pre- 
cipitates, as and aid to their sub- 
sequent separation from the liquid 
phase. Applicants should have a 
good honours degree in Bio- 
chemistry, Chemica! Engineering 
or a related discipline. 


Salary (which includes payment for 
up to 6 hours per week teaching 
assignment) £5,910 — £6,657 per 
annum. 


Application forms and further par- 
ticulars may be obtained from the 
Personne! Section, Teeside Poly- 
technic, Borough Road, Middies- 
brough, Cleveland, TS1 3BA, Tele- 
phone: (0642) 218121 ext 4114. 


An Equal Opportunity Employer 


Closing date for applications: 16 
October 1985 (7746)A 





(7749)A 





UNIVERSITY OF HULL 


DEPARTMENT OF PLANT 
BIOLOGY AND GENETICS 


AFRC POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a Post- 
doctoral Research Assistant to study 
the enzymology of sesquiterpenoid 
phytoalexin brosynthesis in plant cell 
suspension cultures Candidates 
should have a good knowledge of 
biochemical techniques and exper- 
tise in some of the experimental pro- 
cedures directly relevant to the 
above study 


The post ts available for up to 
three years from | November 1985, 
or as soon as possible thereafter. The 
starting salary ts within the 1A scale 
for Research and Analogous Staff, 
£7,520-—£12,150 per annum 


Applications, including the names 
of two referees and curriculum vitae, 
should be sent as soon as possible, to 
Dr D R Threlfall, Department of 
Plant Biology and Genetics, The 
University, Hull, HU6 7RX (Tel 
0482' 497521), from whom further 
particulars may be obtained. 

(7712)A 


UNIVERSITY COLLEGE, 
CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH ASSISTANT 


A research assistant 1s required to 
work on a project funded through 
the Welsh Scheme for Research in 
the Health and Social Sciences to 
study exopolysaccharide biosyn- 
thesis by mucoid strains of Pseudo- 
monas aeruginosa under the direc- 
tion of Dr P Gacesa and N J Rus- 
sell Candidates having a B.Sc 
(Hons) degree in Biochemistry or 
Microbiology are invited to apply 


The pp is for approxi- 
mately months commencing 11 
November 1985 and the starting sa- 
lary will be in the range £6,.864— 
£7,821 p a. 


Applications (2 copies) including 
curriculum vitae together with the 
names and addresses of two referees 
should be sent to the Establishments 
Officer. University College. P O 
Box 78, Cardiff CF! 1XL Further 
particulars are available from Dr P 
Gacesa or Dr N. Russell Tel Car- 
diff 44211 Ext 2303 or Ext 2294 Ref 
3010. Closing date 17 October 1985 

(7715)A 


UNIVERSITY OF LONDON 


Charing Cross and Westminster 
Medical School 


DEPARTMENT OF BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above post for a 3 year project on the 
action of heparin and heparin sul- 
phate and their derivatives on vas- 
cular smooth muscle cell matrix syn- 
thesis Starting salary up to £8,920 pa 
plus £1,297 pa London Allowance, 
depending on age and experience. 

Applicants should have a PhD 
degree in biochemistry. cell biology 
or related discipline Previous 
experience in tissue culture and/or 
extracellular matrix biochemistry 
would be an advantage. Further 
details from Dr R M Mason, Tele. 
01-741 1858 


Applications including a full cur- 
riculum vitae and the names of two 
academic referees should be sent to 
The Secretary, Charing Cross and 
Westminster Medical School, The 
Reynolds Building, St Dunstan’s 
Road, London, W6 8RP, as soon as 
possible after the appearance of this 
advertisement (7724)A 





Department of Pathology 
RESEARCH ASSOCIATE 


Applications are invited for a 4 year 
research associate post funded by the 
Leverhulme Trust for a project 
aimed at the production of one or 
more video discs and the evaluation 
of interactive video as a teaching 
method in pathology Previous ex- 
perience in histopathology 1s de- 
sirable and an interest in computer 
assisted teaching methods would be 
helpful Applicants could have 
either a medical or basic science 
background and a part-time appoint- 
ment would be possible if requested 
by a suttably qualified candidate. 
The post will be based within the 
University of Leicester Department 
of Pathology but will involve collab- 
oration with at least 7 other Univer- 
sity Pathology Departments. 


Salary on the scale £7,520 — 
£12,150 (full tıme rates) dependent 
upon age and experience 


Further detatls can be obtained 
from Professor I. Lauder, Depart- 
ment of Pathology, Clinical Sciences 
Building, Leicester Royal Infirmary, 
PO Box 65, Leicester LE2 7LX 
Tel: (0533) 551234 ext 459. 

(7740) A 


Please mention 


nature 


when replying to 
these advertisements 





.pharmceutical interest 
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ASSISTANTSHIPS 


IMPERIAL COLLEGE 


DEPARTMENT OF PURE & 
APPLIED BIOLOGY 


Applications are invited for a 


POST DOCTORAL 
RESEARCH 
ASSISTANTSHIP 


tenable from November Ist 1985 
until March 31st 1988 to join an 
active MRC sponsored project on 
the in vitro development of the liver 
stage of Plasmodium falciparum with 
particular reference to its antigenic 
characterisation. The assistantship 
will be located at the College Field 
Station at Ascot for the first year and 
thereafter in a new facility at the 
central College campus in South 
Kensington, London. 


Candidates with experience in 
arasite-, or hepatocyteculture will 
e particularly welcomed, although 

detailed on-site training will be avail- 
able to an early appointee 


Salary in scale £7,520 — £9,860 (+ 
£1,297 London Allowance when 
applicable) and superannuation 


Applications with names of two 
referees in writing to Dr R E Sinden, 
Imperial College Field Station, 
Ashurst Lodge, Ascot, Berkshire, 
SL5 7DE, by October 14th 

(7754)P 


THE OPEN UNIVERSITY 
FACULTY OF SCIENCE 


RESEARCH ASSISTANT 
IN CHEMISTRY 


Applications are invited for a 
University-funded research 
assistantship to work with Dr AR 
Bassindale and Dr P G Taylor on the 
preparation and use of novel 
silylheterocycles ın the synthesis of 
polyfunctional compounds of 
Applicants 
should have an interest in organic 
synthesis, and preferably, at least an 
upper second class honours degree in 
chemistry. The successful candidate 
will be encouraged to register for a 
Higher Degree. 


The post ıs available for three 
years Salary will be on the 1B 
(Research Assistant) scale for 
Research and Analogous staff 
£6,865 — £9,275 pa under review). 
tarting salary will depend on age 
and experience 


Application forms and further 
articulars are available from DrJ W 

Smith, Administrative Assistant 
(Science) (3813/3), Faculty of 
Science, The Open University, 
Walton Hall, Milton Keynes, MK7 
6AA or telephone Milton Keynes 
(0908) 653993 there is a 24-hour 
answering service on Milton Keynes 
653868. 


Closing date for applications: 25th 
October (7718)P 


continued 
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UNIVERSITY OF EXETER 
DLPARIMLNT OF BIOLOGICAL 
SCIENCLS 
AND JOHN INNES INSTITUTE 
NORWICH 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 
in Plant Molecular Biology 


Applications are invited for a three- 
year AFRC-funded project to work 
on the enzymology and molecular bi- 
ology of cauliflower mosaic virus re- 
pheation The project is shared be~ 
tween the Department of Biological 
Sciences, University of Excter (Pro- 
fessor J. A. Bryant) and the John 
Innes Institute, Norwich (Dr R 

Hull); the successful candidate will 
be expected to spend time in both 
places. 


Starting salary within the range 
£7,520-—£7,980 pa; to commence 
not later than I January 1986. 


Further details from Professor A 
J Bryant, Department of Biological 
Sciences, Washington Singer Labor- 
atorics, University of Excter. Exeter 
EX4 4QG, to whom applications, 1m- 
cluding the names of two referees, 
should be made by 21 October 1985 

(7709)P 





UNIVERSITY OF OXFORD 
DYSON PERRINS LABORATORY 


POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


Applications are invited for a post- 
-doctoral research assistantship to 
work on the mechanism of chemical 
and enzyme catalysed sulphuryl 
transfer reactions Experience in 
synthetic organic chemistry is 
essential. The appointment ts on the 
RA 1A scale with a starting salary in 
accord with age and experience and 
would be initially for one year from 
January 1986. 


Applications, with curriculum 
vitae and the names and addresses or 
two referees, should be sent as soon 
as possible to Dr G Lowe, Dyson 
Perrins Laboratory, South Parks 
Road, Oxford, OX1 3QY.(7751)P 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited ` 
for a postdoctoral 

SENIOR RESEARCH 
ASSISTANTSHIP 


tenable for two years, from | Octo- 
ber 1985, to work with Dr H S Munro 
and Dr D Parker on the synthesis 
and characterisation of electro- 
active, polymeric thin films Appli- 
cants should have a strong back- 

round ın electrochemistry and some 
Rnowledge of surface chemistry 1s 
also desirable. The starting salary 1s 
£7,820 — £9,275 interim scale pend- 
ing review on Range 1A plus super- 
annuation (under review) 


Applications (3 copies) naming 
three referees should be sent by 1] 
October 1985 to The Registrar, 
Science Laboratories. South Road. 
Durham DH] 3LE, from whom fur- 
ther particulars may be obtained 


(7744)P 


UNIVERSITY OF LONDON 


British Postgraduate Medical 
Federation 


THE CARDIOTHORACIC 
INSTITUTE 


RESEARCH 
ASSISTANTSHIP IN 
MEMBRANE BIOLOGY 


Applications are invited for a 3-year 
B.H.F. supported research assistant- 
ship commencing in October 1985 
Candidates should possess a first or 
upper second class honours degree in 
an appropriate subject and will be 
expected to register fora PhD The 
research project will involve the 
study of the mechanism of 1on con- 
duction through cardiac membrane 
channels following their incorpora- 
tion into planar phosphohpid bı- 
layers 


Salary on University of London 
Research Assistant scale 1B. Post 
superannuable under USS. 


Further details are available from 
Dr A Wiliams. 


Applications to include full curric- 
ulum vitae and names of three refer- 
ees should reach the Secretary, Car- 
diothoracic Institute, Fulham Road, 
London SW3 6HP by 10 October 
1985 (7736)P 


~ FELLOWSHIPS 


MASSEY UNIVERSITY 


Palmerston North 
NEW ZEALAND 


POST-DOCTORAL 
FELLOWSHIP 


A Post-Doctoral Fellowship for one 
year is offered in the Department of 
Animal Science for a Biochemist/ 
Physiologist/Endocrinologist to 
study the physiological basis of 
superior production in animals of 
high genetic merit 


The Department has divergent 
selection lines of Friesian cattle 
(milk fat production), Southdown 
sheep (lean meat vs fat) and Romney 
sheep (clean fleece weight) available 
for study. Current research objec- 
tives are to elucidate the physio- 
logical and biochemical basis for 
differences in production and to 
develop methods for the early pre- 
diction of genetic merit~ - 


The successful applicant will be 
encouraged to investigate enzyme 
kinetics, enzyme polymorphisms, 
hormone-receptor interactions or 
metabolite turnover in animals from 
the selection lines 


The emolument payable will be 
NZ $23,622. 


Further information available 
from the Secretary General, 
Association of Commonwealth Uni- 
versities (Appts), 36, Gordon 


Square; London WC1H OPF; or 


from the Registrar of the University, 
with whom applications close on 8 
November 1985. (W2261)E 




















i EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 


in molecular biology 


The European Molecular Biology Organisation awards, to scientists 
working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration The fellowships are to support collaborative research 
between laboratories in different countnes and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 
are decided upon soon after the receipt of application 


. Applications for exchanges between laboratories within any one 
country cannot be considered Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances 
Application forms and further details may be obtained from Dr 


J Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022 40, F R.G (WI577)E 





UNIVERSITY OF READING 


DEPARTMENT OF 
MICROBIOLOGY 


Post-Doctoral Research 
Fellowships (2) 


Applications are invited for two 
ieee fellowships supported 
y MRC. The projects are to investi- 
gate the functions of the RNA 
genomes of polio and other picorna- 
viruses and to construct virus chim- 
aeras for vaccine purposes. The 
successful applicants will join an 
active group of young scientists 
studying the molecular basis of virus 


_pathogenicity. Previous experience 


of genetic manipulation techniques 
Silo of virology would be an 
advantage, but ıs not essential. One 
post ıs for a fixed period of 3 years 
and the other for 1 year 11 months. 


Starting salaries up to £8,920 per 
annum or £9,390 per annum (under 
review) plus USS superannuation 


Candidates should send a curricu- 
lum vitae (with the names of two 
referees) to Personnel Officer, 
University of Reading, White- 
knights, PO Box 217, Reading RG6 
2AH. Telephone (0734) 875123 ext 
233 from whom application forms 
are available. More information ma 
be obtained by telephoning Prof- 
essor J W Almond on (0734) 875234 
ext 254. Please quote Ref R42A 

- (7729)E 


- 


UNIVERSITY. OF 
CAMBRIDGE 


DEPARTMENT OF CLINICAL 
BIOCHEMISTRY 


POST DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for the 
above fellowship funded by the 
Wellcome Trust to work on the 
enzymic processes involved in the 
conversion of prohormones to their 
biological active forms The work 
will initially involve the purification 
and characterization of a seres of 
proteinases from transplantable 
insulinoma tissue and structural 
studies based upon recombinant 
DNA techniques 


Applicants should have completed 
a PhD by the starting date of Ist 
January 1986 and have relevant 
experience in protein chemistry or 
molecular biology. 


The appointment will be for two to 
three years. Salary is on the 
Research Range 1A: £7,520 — 
£12,150. A curnculum vitae and 
names and addresses of two referees 
should be sent to Dr J C Hutton, 
Department of ‘Clinical Bio- 
chemistry, Addenbrooke's Hospital, 
Hills Road, Cambridge, CB2 2QR, 
from whom further details are avail- 
able. (Tel Cambridge (0223) 245171, 
Ext. 493) (7720)E 


C.H. BEST FOUNDATION 
POSTDOCTORAL FELLOWSHIPS 


in Diabetes Research, Molecular Endocrinology, Molecular Biology, Dif- 
erentiation, Reproductive Biology, Immunology, Structure and Function of 


Membranes or Lipid Metabolism 


Tenable ın the Banting and Best Department of Medica! Research for two 
years after July, 1986 with a competitive stipend, Available to new Ph,D’s 
or candidates with less than two years postdoctoral training By June 30, 


1986. 


Send curriculum vitae, transcripts and three letters of reference prefer- 
ence preferably before November 1, 1985 to: Dr. Terry Delovitch, Fellow- 
ship Committee Chairman, Banting and Best Department of Medical Re- 
search, University of Toronto, Toronto, Ontario, Canada M5G 1L6. 
(NW328) 





Continued on pages 16 and 17 
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POSTDOCTORAL FELLOWSHIPS: 


A limited number of postdoctoral research positions become available in 
our department from time to time Appointments are funded through 
research grants awarded to faculty members on an NiH-funded Training 
Grant Appointments are ordinarily for one year, sometimes renewable 
Faculty available for training include 

John Berg . ...... Cancer epidemiology 

Steve Carson Protein structure and function, 

cel! membranes, coagulation 

Steroid receptors and hormone 

action In breast cancer 

Organization of cytoskeleton, 

protein chemistry, 

differentiation 


Dean Edwards . 


Robert Evans 


L.E. Gerschenson 
growth factors effects in 

endometrium proliferation and 
differentiation 

Regulation of oncogene activity 

Steroid hormone receptors in 

breast cancer 

Bone biology and pathology 
Differentiation and neoplasia, 

tumor epigenesis and prostatic 
carcinoma 

Molecular biology of steroid 

hormone action, gene’ 

regulation 

Differentiation and neoplasia, 

testicular cancer, basement 

membrane and neoplasia 

Cell injury in kidney, 

electronmicroscopy 

induction of differentiation in 

neoplasia, immunohisto- 

chemistry applications to 

surgical pathology 

Differentiation and neoplasia, 

embryonic and terato- 

carcinoma cell differentiation 
Applications should include curriculum vitae, references and summary of 
research interests Inquiries or applications should be sent to. 

Professor L.E. Gerschenson, Department of Pathology, University of 
Colorado Health Sciences Center, 4200 E. Ninth Avenue, Box B-216, 
Denver, CO 80262. 

The University of Colorado is a non-discriminatory, Affirmative Action 
employer. (NW313}E 


Julius Gordon... 
Kathryn Horwitz... 


Wilham Huffer 
Gary J Miller. . 
Steve Nordeen . 


G Barry Pierce ..... 


Paul Shanley 


om 


WendeliSpeers...... 


Robert Wells . 





CANADIAN INSTITUTE FOR THEORETICAL ASTROPHYSIQUE/ 
INSTITUT CANADIEN D’ASTROPHYSICS THEORIQUE 


UNIVERSITY OF TORONTO 
RESEARCH FELLOWSHIPS 


CITA is a national centre for theoretical astrophysics located at 
the University of Toronto. The Institute expects to award several 
research fellowships with a starting date of September 1, 1986. 
The appointments will be for two or three year terms, with the 
possibility of renewal. Salaries will be commensurate with quali- 
fications and research experience since the Ph.D degree, and 
may accordingly (in some cases) be higher than the usual post- 
doctoral rate. Fellows are expected to carry out original research 
in theoretical astrophysics under the general supervision of the 
permanent faculty, or visitors to CITA, whose interests include 
cosmology, interstellar matter, nuclear and relativistic astro- 
physics, stellar structure, and galactic and solar system 
dynamics. i 

Applicants should send a curriculum vitae and statement of 
research interests, and arrange for three letters of recommen- 
dation to be sent to: Director, Canadian institute for Theoretical 
Astrophysics, McLennan Physical Laboratories, University of 
Toronto, Toronto, Ontario M5S 1A1, Canada. Application dead- 
line is January 1, 1986. 


In accordance with immigration regulations, portions of this 
advertisement are directed in the first instance to Canadian 
citizens or permanent residents, but all qualified candidates are 
encouraged to apply. 


(NW307)E 








Hormones, prostaglandins and - 
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E. B. EASTBURN FELLOWSHIP 


in the Natural Sciences 


Applications are invited for The Hamilton Foundation’s E. B. 
Eastburn Fellowship from persons who have Ph.D. degrees (or 
equivalent), or who anticipate receiving such a degree by Spring 
of 1986, In the natural or physical sciences including medicine. 
The purpose of the Fellowship ts to permit the candidate to 
pursue full-time, post-doctoral study and research in his/her 
chosen field at any recognized university in Canada. The award is 
confined to those holding Canadian citizenship or Permanent 
Resident status at the time of application. The period is one year, 
commencing September 1, 1986 with a stipend of approximately 


$37,000 Applications must be filed by December 31, 1985. For 
full particulars of the award and application procedure, please 
apply in writing to: 
The Hamilton Foundation 
Mrs. Judith McCulloch, Executive Director 
Suite 205, 120 King Street West 
Hamilton, Ontario, Canada L8P 4V2 





UNIVERSITY 
OF SOUTHAMPTON 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a Post- 
doctoral Research Fellowship to 
work in the group of DrC I Ragan 
on the biogenests and assembly of 
the mammalian mitochondrial 
NADH dehydrogenase complex 
The project ts funded by the Well- 
come Trust for a pertod of three 
years Starting a will be up to 
the fourth pomt of the postdoctoral 
research assistant scale 1A (cur- 
rently £8,920 p a ) depending on age 
and experience Applicants should 
preferably have experience in one or 
more of the following areas: protein 
synthesis in whole cells, uptake of 
proteins mto mitochondria, in vitro 
protein synthesis or immunology 


Applications giving full details of 
research interests, experience and 
the names of three referees should 
be sent to Dr C I Ragan, Depart- 
ment of Biochemistry, University of 
Southampton, Southampton SO9 
3TU, from whom further details ma 
also be obtained. Please quote re 
no AJS/85/S5/N (TLE 


(NW309)E 





UNIVERSITY OF EXETER 


DEPARTMENT 
OF BIOLOGICAL SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for the 
above SERC post from suitably 

ualfied Biochemists or Biological 
Chemists for a period of three years 
to begin as soon as possible. The suc- 
cessful applicant will study the mode 
of entry of insect steroid hormones 
(ecdysteroids) into target cells. The 
project will involve the application 
of a wide range of biochemical tech- 
niques (cell culture, HPLC, affinity 
chromatography, etc), and the 
chemical synthesis of hormone de- 
rivatives. Those with experience of 
vertebrate steroid biochemistry/ 
chemistry are particularly encour- 
aged to apply The starting salary 
will be within the range £7,520 — 
£8,450 per annum dependant on age 
and experience 


Applications including C.V and 
the names of 2 referees should be 
sent to. Dr L Dinan, University of 
Exeter, Exeter, EX4 4QG from 
whom further details are available 
Telephone (0392) 264605 f 

(7742)E 





THEORETICAL ASTROPHYSICS — UNIVERSITY 
OF TORONTO 

RESEARCH FELLOWS FOR PROGRAM IN STAR 
FORMATION 


Applications are invited for research fellowships in a new program on 
Physical Processes tn Regions of Star Formation, associated with 
members of the Canadian Institute for Theoretical Astrophysics and the 
Departments of Astronomy and Chemistry These appointments will be for 
two years, with the possibility of renewal, and may begin as early as 1 
January 1986 Salary will be $22,000 Cdn for postdoctoral fellows, and for 
more senior fellows will be commensurate with qualifications and 
research experience. Up to three appointments will be made Candidates 
with research experience tn theoretical problems relating to the program 
area — including interstellar molecules, dynamics and kinetics of chemical 
processes tn interstellar molecular clouds, atomic physics of interstellar 
gas, spectra of gaseous nebulae, particularly H Il regions, interstellar dust, 
and radiative transfer — are encouraged to apply 

Send letter and CV and arrange for three letters of recommendation to be 
sent to" Professor P G Martin, Canadian Institute for Theoretical Astro- 
physics, University of Toronto, Toronto, Ontario M5S 1A7 by 1 December 
1985. This 
advertisement is directed in the first instance to Canadian citizens or 
permanent residents, in accordance with immigration regulations. 

: {(NW308)E 
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POSTDOCTORAL 
RESEARCH 
FELLOWSHIP 


is available to study the 
molecular biology of Na/K 
ATPase, particularly the gen 
etic organization and hor 
monal regulation of Na/K 


ATPase genes. 


Candidates should have train- 
ing in molecular biology, re 


combinant DNA methods, or 
cell biology. 


Send curriculum vitae and 
names of three or more refer- 
ences to: Dr. I. S. Edelman, 
Department of Biochemistry 
and Molecular Biophysics, 
Columbia University, 630 
West 168 Street, New York, 
NY 10032. Cofumbia Univer 
sity is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW323)E 


UNIVERSITY OF OXFORD 
The Queen’s College - 


BROWNE 
RESEARCH-FELLOWSHIP 


The College proposes to elect a man 
or woman to a Browne Research 
Fellowship ın Animal or Plant 
Sciences (but excluding Medical 
Sciences) tenable for three years 
from 1 October 1986. The closing 
date for applications ts | November 


Further particulars may be 
obtained from the College Secre- 
tary, The Queen's College, Oxford 
OXI 4AW. (7723)E 





UNIVERSITY 
OF BIRMINGHAM 


Faculty of Science 
DEPARTMENT OF CHEMISTR Y` 


POSTDOCTORAL 
- RESEARCH . 
FELLOWSHIP (F8) 


Applications are invited for a post- 
doctoral research fellowship. The 
Project. supported by the Ministry of 
Defence, 1s to work on solid-state 
tunable laser materials selection 
using theoretical methods based on 
SCF-X alpha calculations Materials 
will be initially modelled by tonic 
clusters. Experience of large main- 
frame and/or supermicro computers 
will be an advantage: there will be 
some scope for experrmental studies 


The post is tenable for up to three 
years from as soon as possible. 


`N 
Salary will be on the Research 
Fellow 1A scale £7,520-—£12.150 
(under review) plus superannuation 


For further particulars phone ()2 l- 
472-1301. extension 2559, quoting 
reterence number (F8) 


No formal application. Three co- 
pies of application including full Cur- 
riculum Vitae and naming three re- 
ferees to Assistant Registrar 
(Science). PO Box 363. Birming- 
ham, B15 2TT by 11 October 1985 
An Equal Opportunities Employer. 

7705) E 








UNIVERSITA’ CATTOLICA 
DEL SACRO CUORE 


Istituto di Semeiotica Medica 
Scuola di specializzazione 

in Ematologia generale 
Direttore Bruno BIZZI 





ASSOCIAZIONE ITALIANA 
PER LO STUDIO E LA CURA 
DELLE EMOPATIE MALIGNE 
{AIEM} 


DIRECTOR OF THE COURSE 
Ratlaelto BREDA i 


COORDINATOR 
Rosalba MANCINI 


ADVISORY BOARD 


A BERGER Parigi 
B BIZZI Roma 
B DALLAPICCOLA Roma 
PJ FIALKOW Seattle 
§ LAWLER Londra 
F MANDELLI Roma 
G MANGO Roma 
C MAURI Pavia 
F MITELMAN Lund 

E POLLI Milano 
G PRODI Bologna 
R REVOLTELLA Roma 
L SANTI Genova 
A SERRA Roma 
S TURA Bologna 
GF WANDE WOUDE Bethesda 
U VERONESI Milano 


SCIENTIFIC SECRETARIAT 


Ada M D'ADDOSIO 
Stefano MANCINI 
Giacomo MENICHELLA 
Rallaele TARTAGLIONE 


SEMINARS & SYMPOSIA 


CALL FOR PAPERS 


Second International 
Symposium on the 


DEVONIAN SYSTEM 


August 17 — 20, 1987 
Calgary, Alberta, Canada 
Request circulars from 
Can. Soc Petroleum Geologists 
#505, 206 — 7th Avenue S.W. 
Calgary, Alberta, Canada, T2P OW7 
(NW329)M 
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COURSES 
. FIRST ANNOUNCEMENT 


INTERNATIONAL ADVANCED COURSE 


HUMAN PRELEUKEMIA 


ROME, 713th-16th November 1985 
AUDITORIUM - UNIVERSITA’ CATTOLICA DEL S CUORE 


“SCIENTIFIC PROGRAM 


session | -Cellular proto-oncogenes É 
Session II Chromosome alterations 
Session Il] Stem cells and viruses 


Session IV Generation of phenotypic differences in preleukemia, leukemia 
and lymphoma 


Round Table 


"Present-day and future prospects for the diagnosis and treatment of patients 
suffering from oncohaematologic disorders in Italy” 


SPEAKERS 


SA AARONSON (Bethesda), G ALIMENA {Roma}, E. ASCARI (Pavia), 

S ASTRIN (Phiadeiphia), M BACCARANI (Bologna), B BARLOGIE (Houston), 
R BERGER (Pars), GW BORNKAMM (Freiburg), C M CROCE (Philadelphia), 
J CUTTNER (New York}, B DALLAPICCOLA (Roma), 

A DE KLEIN (Rotterdam}, JE DE LARCO {Bethesda}, 

P DUESBERG (Berkeley), A DUNN {Victoria}, PJ FIALKOW (Seattle), 

C FRIEND (New York), F GAVOSTO (Torino), J.D GRIFFIN (Boston), 

WA HASELTINE (Boston), Y HINUMA (Kyoto), S LAWLER (London), 

F MANDELLI (Roma), AT MAIOLO (Milano), B. MINTZ (Philadelphia), 

F MITELMAN (Lund), L MONTAGNIER (Paris), G PAOLUCCI (Bologna), 

G ‘PAPA (Roma), TS PAPAS (Bethesda), M. PAWLITA (Heidelberg), 

C. PESCHLE (Roma), R REVOLTELLA (Roma), M ROMANI (Genova), 

GB ROSSI (Roma), G ROVERA (Philadelphia), J~ROWLEY (Chicago), 

S F‘SCHLOSSMAN (Boston), G SIMON! (Milano), JP TAMBOURIN (Paris), 
N TESTA (Manchester), G TORLONTANO (Chieti), S. TURA (Bologna), 

GF VANDE WOUDE (Frederick), |M VERMA (San Diego), 

R WEISS (London), J.J. YUNIS (Minneapolis), A. ZACCARIA (Bologna) 


~ 


POSTER SESSION Deadline jor submission of abstracts October 15, 1985 
REGISTRATION FEE U.S. $120 


ORGANIZING SECRETARIAT: 


Nicoletta SACCHI -L.MO NCI-NIH - Frederick, MD 21701 USA 
For application and abstract forms please contact: 
Mara Collaro - Sandro Corradini - Manuela De Martino - Stella Macri 
' Centro Studi - Via F Massimo, 9 - 00192 Roma, Italy - Tel (06) 317709 / 382642 


! (NW324)C 


Continued on page 18 










Please mention 


nature 


when replying to 
these advertisements 


EUROPEAN BEHAVIOURAL 
PHARMACOLOGY SOCIETY 


The inaugural meeting will be held 
from July 2-6, 1986 in Antwerp, 
Belgium There will be a satellite 


meeting “Transduction mechan- 

Isms of drug stimulu” from July 

4-7, 1986. Details from Dr F. C. Col- 

| paert, Janssen Pharmaceutica, 
B-2340 Beerse, Belgium. 

(7707)M 
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AWARDS: 





1985 Annual Essay Prize For Students of Biomedical Sciences 


. GOLD PRIZE One Award £500 
SILVER PRIZE One Award £250 
BRONZE PRIZES Number dependent _ £100 


on merit of entries 


The Mental Health Foundation reserves the right not to award prizes if the 
entries are deemed not to reach the required standard. 


TOPICS T 5 


Write on one of the following: ~ 


1. Discuss the personal and family repercussion of the de-insti- - 


tutilisation of psychiatric patients into the community. 

2. The art of psychotherapy. Discuss 

3. The use of computers in psychiatric and psychological 
assessment. 

4. What are the characteristics of employment which are associ- 
ated with the development of psychiatric disorders. 

5. Discuss the advantages and disadvantages of treating anxiety 
with medication. a 


The Essay should be a critical scientific analysis with a literature 
review and suggestions for further clinical or laboratory studies. 
It should not exceed 5,000 words (excluding bibliography) and 
must be typed on A4 size paper. 


f An application form is not necessary. Three copies of the entry 
should be sent by recorded delivery to; The Honorary Secretary 
of the Research Committee, The Mental Health Foundation, 8 
Hallam Street, London W1N 6DH. S 
CLOSING DATE: DECEMBER 31st. 1985 
o! : 5 (7727)N 


COURSES continued 


GULBENKIANINSTITUTE. - 


OF SCIENCE, PORTUGAL 


During 1986 the following advanced 


workshop courses will be offered: 


Regulation of Metabolism in Yeasts. 10-21 March, C.: 
Gancedo (Madrid), K-D. Entian (Tübingen), R’ Hütter 
(Zürich), P. Niederberger (Zürich), P. Labbe (Paris). 


Systematics and Evolution of Basidomycetous Yeasts. 31 
March - 11 April, 
(Tubingen). 


Recombinant DNA Research with Yeast. 30 June - 11 July, 
G. R. Fink (Cambridge, MA) R. Gaber (Cambridge, ue M. 
Rose (Princeton, NJ), R. Serrano (Madrid). : 


Protoplast Fusion i in Yeasts and Filamentous Fungi. 25 


August - 6 September, L. Ferenczy (Szeged), J. F. Belts 


(Nottingham). 


Information and Registration Forms: Professor N. van 
Uden, Gulbenkian Institute of Science, 2781 Oeiras Codex, 
Portugal. 


(W2240)C 








F. Oberwinkler, P. Blanz, G. Deml — 
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GULBENKIAN INSTITUTE 
OF SCIENCE, PORTUGAL 


During 1986 a long term 
UNESCO post-graduate training 
course will be offered on: 


BASIC 
SCIENCE FOR 
BIOTECHNOLOGY 


‘Cl Main topic Physiology, Taxonomy and Molecular Genetics of 


. Yeasts 


CiResearch project and intensive courses 
0) Duration Seven months starting March 1986 


Information: 


Professor N. van Uden 
Gulbenkian Institute of Science 
2781 Oeiras Codex 
Portugal 


‘STUDENTSHIPS 


-|Southampton 
THE 
UNIVERSITY 


SERC CASE 
Studentship. 
A studentship, funded by the SERC 
under the CASE scheme is avail- 
able from 1 october 1985 for gradu- 
ates with the equivalent of a 1st or 
21 honours degree tn Chemistry or 
Biochemistry, to undertake a pro- 
ject tn the area of medicinal chem- 
istry, in collaboration with the Well- 
come Research Laboratories. Per- 
sons interested in this position, 
which would lead to the PhD de- 
gree, after the normal three-year 
period, should write, giving names 
of two referees, to’ Dr J A Robin- 
son, Chemistry Department, The 
University, Southampton S09 5NH 
(or tel. 0703-559122, Ext. 3598). 
(7743)F - 





UNIVERSITY OF 
LONDON 
The School of Pharmacy 


DEPARTMENT 
OF PHARMACOLOGY 


SERC STUDENTSHIP 


‘A SERC Studentshi ip has become 
ies 


available for stu on the 
pharmacological control of voltage- 
dependent membrane currents in 


-sympathetic neurones. 


Enquiries and applications to: 
Professor D A Brown, Wellcome 
Professor of Pharmacology, The 


“School of Pharmacy, 29/39 
Brunswick Square, London WCIN 
LAX. .  (7735)F 
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APPOINTMENTS WANTED . 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 25p a word. 
Personal Box Numbers £2). . 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 4 Little Essex Street, London 
WC2R3LF. (890)B 





LONDON OFFICE ~ 
4 Little Essex Street 

London WC2R 3LF 

Tel: 01 240 1101 

Telex. 262024 


NEW YORK OFFICE 
65 Bleecker Street 
New York, NW 10012 
Tel: (212) 477-9600 


~ 


TORONTO OFFICE 


Peter Drake & Associates 
17 Pine Crescent 
Toronto, Ontario M4E 1LI 
Tel: (416) 690-2423 
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scale-up with FPLC 





from Pharmacia 


Purification of Monoclonal Antibodies 












Partially purified 
bacterial extract 





Columns packed 

with MonoBeads™ for 
Analytical through 
Preparative to 
Production scale. 





Sample load: 4 GRAMS 
s Column Bed Volume: 


200 mi. 








For more information on chromatographic Pharmacia 
scale-up possibilities contact your local onen Sanai Bieler 
Pharmacia representative. S-751 82 Uppsala, Sweden 
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: | free from proteases | 


free from exosglycosidases ; 
reliable supply 
surprisingly economic 


-Look also for the other products from : 
| Beohringer Mannheim for glycoconjugate research, 
| like the inhibitors: Bromoconduritolh si à 
a Swainsonine 
































For details please ask your local representative or 





Boehringer Mannheim GmbH 
Biochemica 

P.O. Box 310120 
D-6800 Mannheim 
W. Germany 
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FLY GENES 
IN MOTHS 





Say goodbye 
tó soft vels 


Trisacryl separates better and faster 


The built-in magic of 
matrix engineering gives 
you form, porosity, 
strength and hydrophilic 
behaviour. Just pure 
Be -—_ chemistry. Hard. Inert. 
Synthetic. The ultimate support — Trisacryl" 
Whether for Affinity, Ion Exchange or Gel Fil- 
2. ss | tration, Trisacryl is engineered to give you better 
as capes riweh | yegults — guaranteed! 
titer Sienen as iet | Get the facts in our new catalogue and give your- 
| self a whole new scenario of problem-free chro- 
matography. 


Trisacryl is developed and manufactured by [ETS 
Pointet-Girard (Rhône Poulenc Group) 


Reader Service No.40 


LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. +46 (8) 98 00 40, telex 10492 


THE INFLUENCE OF FLOW RATE AND 
PARTICLE SIZE/SHAPE 


= optimal flow rate 


ome LKB 2205 CM-Trisacry!® M 
spherical, 40—80 ym, NaC] =0.5M 


— Competitor CM-ion exchanger _ 
cellulose, microgranular, [NaCl] =0.625 M 
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BIOSYSTEMS UPDATE 


Need high purity DNA? 


The Model 380B 
Single Column 
DNA Synthesizer 


The Modei 381A 
DNA Synthesizer 


The Model 380B 
Three Column 
@ DNA Synthesizer. 


æ Y 


Here are three proven DNA Synthesizers 
that deliver quality results, economically. 


Choose Maximum Throughput 

The Model 380B with 3-column capability 
allows simultaneous synthesis of three different 
oligonucleotides. This versatile instrument fea- 
tures independent operation of each column, 
programmable deprotection during synthesis and 
user-selectable automatic cleavage. 


«+» Or Upgradeability 

The 380B single-column synthesizer pro- 
vides an initial cost savings and also has complete 
user programmability of cycles and functions. Up 
to 150 sequences can be stored on a single disk. 
When your laboratory requires higher throughput, 
this instrument can be easily upgraded to full 
3-column capability. 


eee Or a Lower Price 


All the high-yield performance of the 380B 
series is available in the Model 381A. This low 
cost, fully programmable, single-column synthe- 
sizer even allows production of mixed probes 
without any premixing of bases. The addition of 
unusual bases can also be automated. The 381A, 
a remarkable performance/price value, is avail- 
able for immediate delivery. 


Performance, Versatility and 
Multiple-Scale Economy 

Each synthesizer produces high purity DNA 
of equal quality. Probes can frequently be used 


without purification; whole genes can be con- 


structed with longer fragments requiring fewer 
purifications and ligations. Users can select the 
proven, high-yield phosphoramidite chemistry 
using either methoxy or 8-cyanoethyl derivatives. 

Synthesis columns range from a nominal 
0.2 umol to 10 umol. Users can economically 
produce, in single runs, very small amounts for 
probes and primers or up to 10 umol for physical 
studies. 


Proven Reliability, Worldwide Support 

Each synthesizer is a complete instrument- 
reagent system designed for optimum perfor- 
mance. More than 7,000 syntheses are done each 
month on Applied Biosystems synthesizers. High 
purity reagents, in-lab training and precision 
design contribute to the exceptional reliability 
reported by users. In addition to responsive 
service everywhere, each user has access to 
our DNA synthesis technical support group— 
the largest in the world. 


If There is More You Need to Know 


A local Applied Biosystems representative 
has the data to help you select the most cost-ef- 
fective DNA synthesizer for your laboratory. For 
more information, contact the nearest office 
listed below or on the reader service card, write- 
in number 216. 


y r 


APPLIED BIOSYSTEMS, INC.. 850 Lincoln Centre Dr.. Foster City, CA 94404 - (415) 570-66€ 
APPLIED BIOSYSTEMS. LTD. Birchwood Science Park, Warrington ( 
APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany « 0615 


(800) 874-9868 -+ In California (800) 831-3582 « Telex 


/nesthire, United Kingdom + 0925-825650 « Telex 629611 


7-6036 + Telex 4191746 
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vector maps and sequences 


-comprehensive reference materials 


Riboprobe™ and Riboprobe Gemini*™ Gene Analysis systems 


_GemSeq™ Riboprobe Gemini sequencing system* 


- Protoclone™ GT* lambda gtl! cloning system 


_ RNasin? ribonuclease inhibitor 


-Rabbit Reticulocyte Lysat 
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_ GammaPrep™ systems 


< Packagene® Lambda DNA Packaging system 
Restriction Enzymes 
Modifying Enzymes 
-RQI™ DNase* 
ectors and Nucleic 
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The silkmoth (Bombyx mort). 
mulberry leaves. and — fruitfhes 
melanogaster) on fruit. Cloned DNA fragments 
bearing moth chorion genes are correctly expressed 
when transferred into Drosophila germline cells. See 
page 453. (Photo courtesy Maryanne Fenerjian, ) 
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EEC chemicals 
Extraterrestrial intelligence 
Primate research 
| German molecular biology 
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> | US biological weapons 
-j Acid rain 
-UK research 
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Events at surface of the cell 

Peter N Newmark 380 
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_| Rodney Robert Porter 
į (1917-1985) 
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A Rise and fall of geological. é tar 1 | 
once 384 | Photinos from : cosmic sources 
Gene transcription: A pulling 4 | VJ Stenger A Ten cete es eae 
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oc e RPN.1256. Generate a high percentage of 
ull length double-stranded cDNA in three hours 
rom your mRNA. 


_ simple one-tube reaction protocol 
_ overcomes hairpin loop priming problems 
_ eliminates S1 nuclease digestion step 
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con : aa Also available 
ZO eee pu mesons TEQUE NEW RAV 2 Reverse transcriptase, code 1.2610 
f n ful copying of high and low abundance NEW Cloned E coli RNase HA 5d aT 4 50. 
mRNAs 
ted for absence of contaminating activities For further details contact your local 
_ checked for high performance and reproducibility representative or our Research Products 
-complete system for copying 20ug MRNA Technical Service Group. 
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“SPECIAL, ISSUE 


Nature , 


FWENT YFP E 
YEARS OF 
LASERS 


Eg transformation by simian 


-|| A Johnsson, C Betsholtz, 


ə X-ray lasers 
è Optical computers 

-@ Lasers in biology and — 

| medicine 
@ è The birth of masers and: 
lasers 


-These and other topics are addressed 
in Nature’s special Laser issue which 
marks the 25th anniversary of T.H. 
Maiman’s report on the first working 
laser (Nature August 6th 1960), 
Extra copies of this issue are available 
now from the address given below ~ 
price as for back copies. 


Annual Subscription Rates (including Index) 
USA & Canada US$240 


| Orders (with remittance), subscription inquiries 
and change of address to: 
‘Nature - 
- | Order Department 
FPO Box 1501 

|) Neptune 

“PENI OT753 
TUSA 
Call toll-free (USA only); (800) 524-0384 
Please allow 6-8 weeks for your subscription 
to start. 


Personal subscription rates 
| These are available in the USA and Canada to 
subscribers paying by personal check or credit 
card. For details contact the New York 
Circulation Offices (address below). 
Back issues 
US$6.00 
| Binders 
1 Single binder US$11.50; set of three binders 
: US331.00 
. | Annualindexes (197 1-1984) 
US$10:00 
| Nature first issue facsimile 
US$2.00. 
Orders {with remittance) to: 










































Tel: (212) 477-9628 
| Details of subscription rates in all other countries 
` | are available from this address 


Nature in microform 

| For information contact: 

University Microfilms International 
| 300 North Zeeb Road 

| Ann Arbor 


34 National Press Building 
“DC 20045 

USA 
1(202} 737-2 

















TASER ANNIVERSARY _ 


1 Amplification and altered expression 
| of the c-myc oncogene 











4 A Nepveu, P D Fahrlander, 
4J- Q ene Se i B Marcu 


raganas 


Abrogation of IL-3 and IL-2 
dependence by recombinant 
murine retroviruses 
expressing v-myc oncogenes 
U R Rapp, J L Cleveland, 

K Brightman, A Scott 
| &JN Ihle 434 
_ Antibodies against platelet-derived 
‘growth factor inhibit acute 


| sarcoma virus 


H Heldin & B Westermark 





| in A-MuLv-transformed fibroblasts. 


c-myc gene is ; transcribed at high rate 
| inG,-arrested fibroblasts 

and is post-transcriptionally 
regulated in response to 

growth factors 

J-M Blanchard, M Piechaczyk, 

C Dani, J-C Chambard, 

A Franchi, J Pouyssegur 

& P Jeanteur 








An unusual coding sequence from 
a Drosophila clock gene 

is conserved in vertebrates 

H-S Shin. T A Bargiello, 

B T Clark, F R Jackson 

| & MW Young 


Identification of talina asa a major 
cytoplasmic protein implicated 
in platelet activation 

T O'Halloran, M C Beckerle 

& K Burridge 


Sequence-induced DNA curvature 

_at the bacteriophage à origin of 

| replication 

| K Zahn & FR Blattner 451 


445 
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| Regulatory elements controlling 

| chorion gene expression are 

| conserved between flies and moths 
| SA Mitsialis & FC Kafatos 





| Sequence of the precursor of the 
chloroplast thylakoid lumen 
protein plastocyanin 
S Smeekens, M de Groot. 
J van Binsbergen 
& P Weisbeek 


‘DNA sequence at the end of IS? 
required for transposition 
P Gamas, D Galas 

| & M Chandler 


Product review: Nature's 
San Francisco conference 
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Next week in Nature 
@ Distant rings of Saturn? 


@ Martian meteorites 
recounted 
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_ what it seems 
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) Marker for adult poly 
kidney disease 






` Drosophila Minute mutation 





= ° i Hepatitis B virus review ed 


Authors hoth be aware of the diversity of Nature 
readership and should strive to be as widely un 
stood as possible, 


Review articles should be accessible to the w habs: rea 
ership. Most are commissioned. but unsolicited: 
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Scientific articles are research reports whose cone 
sions arc-of general interest or which. represent sit 
stantial advances of understanding. The text sho 
nor exceed 3.000 words. and sis displayed itens 
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heading of about 50 words. 
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SDI at the Geneva summit 


The United States has a month to work out what line to take on the Strategic Defense Initiative at next 
month’s summit. It should unpackage the proposal, and be willing to negotiate. 


PROPAGANDA is not always lies. That ıs what the US administra- 
tion should remember when brushing off the present flurry of 
Soviet protests about the plan to build a US defence against 
ballistic missiles, called the Strategic Defense Initiative (SDI). 
Obviously the welter of talk 1s meant as preparation for the 
summit meeting between President Ronald Reagan and Mr 
Mikhai}] Gorbachev in November, and so qualifies as propagan- 
da of a kind. The difficulty, for the United States, is that the 
Soviet arguments are bound to seem reasonable to third parties 
and perhaps even to some who pay taxes in the United States. 
Who would not trade the uncertain and even risky outcome of 
SDI for the 40 per cent reduction of strategic missiles that Soviet 
spokesmen are hinting at? And the Soviet Union cannot have 
known ın advance that its case would be strengthened by last 
week’s report from the US Congress’s Office of Technology 
Assessment (see Nature 26 September, p. 276), The administra- 
tion 1s boxed in. 

It is in everybody’s interest that the knot should be untangied 
before November. Three questions arise. What is SDI and will it 
function as advertised? Could its products be deployed without 
aggravating present dangers? And, if there are likely to be 
benefits, what would they be worth as trades? The Office of 
Technology Assessment (OTA) says no to the first two ques- 
tions (of which the second is the more important). The third has 
been only inadequately discussed so far. 

The feasibility of SDI, always disputed, remains in doubt. 
Nothing has happened in the past year to clarify the workings of 
a possible system, but that is no surprise. So it remains that the 
only elements of a comprehensive defence against ballistic mis- 
siles to have been demonstrated are at the beginning and the end 
of a rocket trajectory. The US Vela satellites have probably 
shown the military during the past twenty years that it would be 
possible to design a system of infrared sensors based in satellites 
to detect hostile missiles rising through the atmosphere, while 
the anti-missile rockets around Moscow are a sign that terminal 
defence is also feasible, but at ruinous cost. The immediate 
difficulty is that these elements in a comprehensive defence 
would, if deployed, conflict with the Anti-Ballistic Missile 
(ABM) Treaty of 1972, the first with the spirit and the second 
with the letter. But a better early-warning system coupled with 
some terminal defence is not what SDI 1s all about. 


Layered defence 


Layered defence is, rather, SDI’s new slogan The idea is that 
there are several stages in the trajectory of a hostile missile when 
it could (on paper) be destroyed by different means. Ground- 
based rockets aimed at incoming warheads are the conventional 
stage of missile defence, but SDI counts most of all on means for 
attacking missiles as they are rising through the atmosphere, 
when they are most conspicuous and before they have split into 
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separate warheads (plus decoys). Then, the calculation runs, no 
single layer in the defence has to be totally impenetrable; it will 
suffice that each of them should have means of destroying mis- 
siles with substanttal probability. Sixty-six per cent success in 
each of five layers would mean that less than 0.5 per cent of the 
missiles in a hostile force would reach their targets, which would 
make a first-strike impracticable unless missile numbers were 
enormously increased. OTA is a little unkind not to acknow- 
ledge that US spokesmen (but not the President) have been 
saying this for the past two years. But it seems constantly to be 
forgotten that even a successful SDI will not yield a layered 
system providing the kind of defence in depth required. If the 
programme is at all successful, it 1s most likely in the first 
instance to consist of a necessarily leaky means of destroying 
some missiles while still within the atmosphere — coupled witha 
promise that other layers will follow later. But the pressure to 
deploy, after all that money had been spent, would not be easily 
resisted. But even the US administration admits that a half- 
baked defence would be a danger. 

The same dangers would obtain, and for a very long time, 
even if SDI should turn out to be a great success. The array of 
satellites that would have to be deployed, carrying different 
kinds of destructive instruments, could not be put in place 
except over a period of several years. The essence of OTA’s 
conclusion is that the job could only be done with the agreement 
of the Soviet Union, which ıs why its report argues that the 
agreement had better be negotiated now, before all that money 
has been spent, for one thing 


Risks 


What are the risks? President Reagan’s aphorism (said to have 
begun with the Secretary of Defense, Mr Caspar Weinberger) 1s 
that “we aim to destroy missiles, not people”. The implicit 
assertion ts that the assurance that inanimate objects can be put 
out of action must surely be preferable to a strategy based on the 
threat of killing people. The flaw in the argument ıs that ıt takes 
no account of the Soviet Union’s perception of what success for 
SDI would imply. An effective defence against strategic missiles 
would necessarily seem to the Soviet Union as a one-sided 
licence to engage in military adventures (Berlin, Hungary, 
Czechoslovakia, Iran or latter-day versions of those earlier 
trouble-spots) without fear of nuclear retaliation. It would also 
seem a one-sided licence to launch a first strike But no protesta- 
tions of peaceful intentions by the United States, however 
genuine, could set such fears at rest. These were the arguments 
that fifteen years ago persuaded the United States and the Soviet 
Union to sign and ratify the ABM Treaty. Technology may have 
advanced since then, but the principle remains. And while it 
may be only partly credible that the Soviet Union might be 
goaded into launching a pre-emptive strike against the US 
strategic force if there ever Seemed a danger that a full-blown 
missile defence would emerge from SDI, ıt ıs certain that the 
long and uncertain process of deployment would be a powerful 
means of losing friends and allies. 

So what should Mr Reagan be prepared to trade in Novem- 
ber? The administration is right on one point, that arms control 
agreements that seek to ban research of certain kinds are not 
merely worse than useless but dangerous: because they cannot 
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be verified. those who stick by the rules are at a disadvantage 
President Reagan has insisted for the past several weeks that 
SDI. as a research programme. ıs not a negotiating counter He 
should stick to that. letting the US Congress ultimately decide 
the scale on which the research programme ts carried out. (Con- 
gress will probably be even meaner in future years than the likely 
cut of more than a third in the present budget seems to 
suggest.) 

The early-warning part of a missile defence ıs in a different 
case. The ABM Treaty restricts the right of the two parties to 
build early-warning radars except at the periphery of their terri- 
tory (when they must look outwards) for fear that they might be 
used to extend existing terminal defences (of which the Moscow 
system 1s the only one extant) But if it is possible to build 
effective means of telling when strategic missiles leave their 
launching pads. the present strategic balance would not be 
undermined but, rather. strengthened. More warning. if only an 
extra 20 minutes. would allow more effective retaliation, 
perhaps before the first warheads had reached their targets So 
both sides have an interest in effective early warning, and the 
ABM treaty should be amended to allow for that It is by no 
means fanciful to suggest that each side should give the other a 
chance to monitor (and comment upon) the data collected by the 
warning satellites, along the lines proposed ın the 1980 draft of a 
comprehensive test-ban treaty (which came to nothing) Then 
there would be a chance that false warnings would be screened 
out 

So Mr Reagan’s best strategy on SDI ıs to stick with the 
assertion that research programmes cannot be codified by 
treaties, but to offer to unpackage SDI, putting early-warning 
systems at the top of the list and offering to concentrate the rest 
of the programme on the layers most likely to yield quick results, 
conspicuously the boost-phase part of the interception problem 
(That, in any case, 1s probably how the work will go.) It is not 
realistic to suggest, as some have done, that the research itself 
might be carried out collaboratively between the Soviet Union 
and the United States, fears that the other side would keep back 
interesting tit-bits of information would be justified. But if there 
is now to be an agreement to restrict the numbers of strategic 
missiles below the quotas lard down ın the unratified SALT II 
treaty, it should not be beyond the wit of those assembled at 
Geneva to agree that SDI would be deployed only stage by 
stage, and only after a negotiation m which the quotas of 
Strategic missiles were adjusted appropriately. 

Two further qualifications arise, with the question of anti- 
satellite weapons inseparable from that of SDI. The United 
States last month carried out the second successful test of such a 
weapon, justifying the breaking of the self-imposed Soviet 
moratorium by pleading disadvantage. But what are such 
weapons for? The obvious applications are the destruction of 
surveillance satellites and of the kinds of telecommunications 
that might be necessary to give early warning. But if there are 
ever satellite-based missile defences, they will also be vulner- 
able 

It is hard to see how any of these functions could benefit a 
strategic power with no interest in making a pre-emptive strike 
against the other. In short, an agreement not to test and deploy 
anti-satellite weapons should be in everybody’s interest. The 
difficulty, real enough, 1s that of verification. The US admunts- 
tration should say as much 

The way in which the United States talks about the impending 
summit ıs also important. Mr Gorbachev has had the better 
press so far because he and his associates have been saying the 
same things over and over again. The United States administra- 
tion, endearingly open as it is, speaks with a dozen voices, not 
one of which could be mistaken for a conviction that the Novem- 
ber summit is an opportunity to make substantial progress on the 
issues of arms control which have been log-;jammed now for 
close on three years So much is clear, even though it would have 
better for people’s peace of mind (and also more likely to lead to 
a constructive meeting) if less were to be expected of a two-day 
encounter between two people who have never met before. O 
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Money earthquakes 


Mexico's tragic earthquake could cause nasty 
after-shocks for the banks. 


Ir will be a cruel irony if the earthquake that killed more than 
5.000 people in Mexico City two weeks ago should also bring the 
international banking system to another crisis, but that ts how 
events may turn out. The bankers and their governments are 
doing very little to help avoid the trouble The facts are now 
well-known. The nations of Latin America have accumulated 
foreign debts to the international banking system which amount 
to some $350,000 million, of which Mexico owes nearly $100,000 
million The origins of this strange state of affairs are to be found 
in the 1970s, when the newly-rich oil suppliers lent their surplus 
dollars to the commercial banks of the developed world, which 
in turn recycled them (ın part) to the countries in need of cash (in 
order to buy oil) but which could not attract sufficient funds on 
their own account Mexico tsa particularly sad case for, while an 
oul-producer itself, it 1s also the largest debtor 

The accumulated debts of Latın America have been a widely 
publicized headache for the bankers for at least the past three 
years Their difficulty is that ıf too much of what they have lent 
turns out to consist of bad debts, they will make losses instead of 
profits and their capital base will be eroded and their capacity to 
lend fresh funds to productive enterprises will be constrained, to 
everybody’s disadvantage. The danger of old-fashioned “runs” 
on the banks as ın the 1930s are less now than they used to be but 
are not entirely negligible That at least 1s how ıt seemed three 
years ago. 

Since 1982, however, the ever-more ingenious bankers have 
almost made the problem disappear. Payments on loans have 
been “rescheduled”, countries unable even to pay the interest 
have been lent fresh funds, but the arrangements have all been 
backed up by a tough agreement with the International Monet- 
ary Fund whose effect has been to provide access to a modest 
amiount of credit provided by other governments, but which has 
required that the recipients should take draconian measures to 
control inflation and internal costs so as to export their way out 
of trouble 

Even before the earthquake, the Latin American countries 
were resentfully grumbling that the arrangements made tn the 
past few years are too onerous. Mexico itself, on the eve of the 
earthquake, was thought to have failed to meet the conditions of 
the International Monetary Fund, so that it would have been 
disqualified from further access to credit from that source. Since 
the opening of this year’s session of the United Nations General 
Assembly last week, the argument that there must be a new 
global solution of the debt problem has been repeated several 
times. So, indeed, ıt should, but not by the means most attrac- 
tive to the debtor nations, that of forgiving past debts and 
starting with a clean slate 
High interest 
A large part of the trouble ıs that interest rates have remained 
obdurately high during the past five years, with the consequence 
that interest accumulates on outstanding loans at a much faster 
rate than when they were originally contracted. Worse still, 
economic growth in the industnalized countries has not revived 
as quickly as it might have done, with the result that exports 
from Latin America have not grown as quickly as was hoped or 
expected, although Brazil and Argentina have recently done 
well in selling to the United States. Mexico again has been the 
black sheep. Now the difficulties which confront Mexico are 
physical and enormous. The costs of reconstruction will be huge, 
and not covered by the present wave of generosity No doubt the 
bankers will think first of stretching out the loans once more, 
further increasing the ratio of accumulated interest to the origin- 
al debt. Mexico will have other Latin American states on its side 
if it decides to jib at the prospect Then we could all share 
Mexico’s troubles. O 
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AIDS 


NEWS 


US and French institutes 
in patents struggle 


TENSION 1s rising on both sides of the 
Atlantic over the matter of patents and 
royalties on diagnostic kits for acquired 
immune deficiency syndrome (AIDS). 
The dispute centres on the Institut Pasteur 
in Parts and the National Cancer Institute 
in Bethesda. with the Pasteur as the 
agereved party 

Luc Montagmer, the French co- 
discoverer of the virus that causes AIDS. 
believes that the royalties earned on pa- 
tents for AIDS diagnostic kits should be 
divided equally between the Pasteur and 
the United States Department of Health, 
whose National Cancer Institute resear- 
cher Robert Gallo also isolated AIDS 
virus (see page 395) “That would corres- 
pond to the two scientific contributions”. 
Montagnier said last week 

Matters will come to a head this month 
when the Food and Drugs Administration 
ıs expected to approve the Pasteur test, to 
be marketed in the United States by the 
Seattle-based Genetic Systems Inc The 
problem is that whereas Gallo has a US 
patent on the AIDS test kits the Institut 
Pasteur does not —~ even though the Pas- 
teur filed its patent application months 
before the US Department of Health In 
the present state of the patenting argu- 
ment, the Pasteur will be obliged to pay 
royalties to the Department of Health on 
the basis of the Gallo patent, but “that 
would be ndiculous”, Montagnier claims. 
Robert Now:nski, chairman of Genetic 
Systems, ıs clear on the point. “Genetic 
Systems does not anticipate paying royal- 
ties to the US government ” 

Hence there have been increasingly ur- 
gent attempts by the director of the Insti- 
tut Pasteur, Raymond Dedonder, to re- 
solve the patent issue, ın particular by a 
possible attachment of the Pasteur’s name 
to the existing Gallo patent. A letter from 
US Secretary of State for Health Margaret 
Heckler to Dedonder demanding further 
evidence of the French claim before any- 
thing could be settled ied to an explosion 
in Paris last month — with Dedonder 
threatening publically to go to law against 
the US government “to claim our rights”. 
These would be a share — Montagnier has 
said half, others have suggested more — 
of the $100-150 million ın royalties that 
are expected to arise from the use of AIDS 
tests For the Pasteur, which 1s a private 
Institution, this would be no mean sum, 
equivalent to many times its annual 
budget 

As for the claim itself, Montagnier 
points out that HTLV-II (human fT- 
lymphotropic virus III, Gallo’s) and LAV 
(lymphadenopathy—associated virus, Mon- 
tagnier’s) are “extremely similar by any 


criteria” The viral sequences differ by 
only | 5 per cent and an independent US 
group will publish evidence that there is 
no difference between the calculated res- 
iriction maps of HTLV-II and LAV. 
whereas there are differences among all 
the maps of nine other AIDS virus iso- 
lates Montagmier sent Gallo his viral iso- 
late in July 1983. he has claimed (Nature 
310, 466: 1984). and again later in Septem- 
ber that year Montagnier filed his US 
patent application for AIDS antibody 
tests based on enzyme-linked immunosor- 
bent assay (ELISA), using purified viral 
extracts, in December 1983, but Gallo 
filed his similar application only tn April 
1984 Gallo’s application was granted in 
May 1985; but Montagnier is still waiting 

The Pasteur patent application empha- 
sizes a core protein (p25) of the virus, 
rather than an envelope protein, to stress 
differences between HTLV-III and the 
HTLV-I and -II viruses, says Montagnier, 
“but the virus extract should melude all 
viral proteins” Gallo’s patent, in con- 
trast, emphasizes the p41 envelope pro- 
tein If the two tests indeed sought diffe- 
rent antibodies, one possible outcome 
would be two separate patents, but it now 
seems they are too similar for that to be 
feasible. The US Patent Office will prob- 
ably be obliged to declarz an “interference 
period” — which may last a year or more 
— during which time neither side would 
be permitted to take legal action against 
the other and no royalties would be paid 
by either party 

Although the existing tests licensed on 
the US market have the advantage of 
priority, Genetic Systems boasts that in a 
recent clinical trial m Australia the Pas- 
teur test achieved 100 per cent sensitivity 
and specifity on 6,000 samples from 1,000 
patients, a clear improvement on any of 
the existing tests The difference is 
ascribed to the production of the virus in a 
cell line that does not produce contami- 
nating HLA antigens that can lead to false 
positives 

Does Montagnier fee] surprised at the 
delay in granting the patent? “What is 
more surprising 1s the speed with which 
Gallo’s patent was issued”, he says 
Nevertheless, Montagnier emphasized, 
“I'm very confident in the Amenican 
administration doing their duty without 
political interference — and that our pa- 
tent will be accepted very soon.” The 
natural justice of the matter was that 
“we've made a good contribution to this 
problem, and Gallo has made a good con- 
tnbution, and so we should share the 
rights and the royalties.” 

Robert Walgate & Tim Beardsley 


373 





Biotechnology 


New plans for 
regulation 


Washington 


Tue White House's working group on 
biotechnology policy has changed its tune 
over how the federal government ought to 
plan regulation tn the area. Earlier plans 
for a Biotechnology Science Board made 
up of scientific advisers from each of the 
five relevant government agenctes have 
been shelved. and current thinking 
favours instead a committee of federal 
officials at assistant secretary or under- 
secretary level. 

At the end of last year. in a plan that was 
far from universally popular. the Cabinet 
Council Working Group on Biotechnolo- 
gy suggested establishing a scientific 
advisory group analogous to the Recom- 
binant DNA Advisory Committee (RAC) 
of the Natonal Institutes of Health (NIH) 
within each of four agencies — the Food 
and Drug Administration, the Depart- 
ment of Agriculture, the National Science 
Foundation (NSF) and the Environmental 
Protection Agency Representatives from 
each of these four committees and from 
RAC itself would comprise the Biotech- 
nology Science Board Critics of the plan 
feared that the new board would merely 
duplicate on a more elevated plane, and 
eventually supplant, RAC and its equiva- 
lents in other agencies, and many resear- 
chers felt that RAC’s accumulated exper- 
tise sould be protected 

The committee now proposed would 
operate under the Federa! Co-ordinating 
Council on Science, Engineering and 
Technology, which 1s chaired by George 
Keyworth, the President's science advis- 
er. It would restrict itself to defining what 
the scientific issues should be for each 
agency and would not make decisions ab- 
out individual proposals 

As currently envisaged, the new com- 
mittee would include two representatives 
from each agency Ad hoc subcommittees 
of outside advisers could be established as 
necessary to handle specialized questions. 
The committee would be chaired alter- 
nately by NIH and NSF, and the whole 
realm of biotechnology would be within its 
purview. 

The new plans were outlined at a recent 
RAC meeting by Bernadine Healy, until 
last week chairman of the Cabinet Council 
Working Group on Biotechnology. They 
will be formally published next month. 
One issue that has already given rise to 
concern ts how accessible, or at least visi- 
ble, to the public the new committee will 
be According to those working on the 
plan there will be public access to the indi- 
vidual RAC-equivalents, and some provi- 
sion will also be made for access to the full 
committee, but the exact details have yet 
to be settled. Tim Beardsley 
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Environment 


Fae NEWS 


Bankers under pressure 


Washington 

IN an unusual alliance between Congress 
and the administration, the US Senate and 
the Treasury Department are together 
pressurizing the multinational develop- 
ment banks to improve environmental 
safeguards for their loan programmes to 
developing countries by, for example, 
“improving organizational capacity” and 
“more stringently conditional” loan dis- 
bursement. The banks are also criticized 
for their reluctance to discuss their efforts 
in this area with environmentalist groups 
in the United States and in the countries 
concerned. 

The good intentions of the banks are 
not in question, but environmental orga- 
nizations have successfully persuaded 
Congress and the Treasury that guidelines 
set by the banks are often not being prop- 
erly followed, resulting in massıve dam- 
age. Congress, ın the shape of Senator 
Robert Kasten’s (Republican, Wisconsin) 
foreign operations appropriations sub- 
committee, 1s determined that the banks 
should make “institutional changes” in 
their organizations to prevent disasters 
such as the Polonoreste project, a $434 
million loan by the World Bank to build a 
road through the Amazon rain forest of 
Brazil that caused massive deforestation 
of an area the size of Italy. The project was 
halted earlier this year as a result of con- 
tinuous campaigning by environmental 
groups and subsequent congressional 
pressure, but Kasten fears that there are 
other projects where there 1s a “blatant 
disregard” for environmental protection 
and “insensitivity to native peoples”. 

One such project is the Narmada river 
basin dam ın India, to be financed by the 
World Bank. Inadequate resettlement 
plans for more than a million people from 
250 villages and the bureaucracy of state 
government has caused bitterness and 
“does not inspire optimism” in the bank, 
says David Maybury-Lewis, professor of 
anthropology at Harvard University. 
Maybury-Lewis singles out projects in Pa- 
raguay and the Philippines as evidence for 
“bitter and pauperizing consequences of 
bank-financed relocation” and attacks the 
bank’s recent agreement to finance a huge 
Indonesian transmigration scheme 

Kasten’s subcommittee, which oversees 
funding of the development banks, last 
year instructed the World Bank to provide 
a high-level environmental review, to stop 
funding large-scale capital-intenstve pro- 
jects and instead to finance small-scale en- 
vironmentally beneficial schemes and to 
ensure that non-governmental groups in 
the countries involved are consulted. The 
Treasury, directed to work with the bank, 
called progress since then “modest” at re- 
cent hearings of the subcommittee; the 
World Bank has not publicly responded to 
any of last year’s requests 
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Therefore, Kasten is likely to introduce 
“very strong language” into the approp- 
riation for the next fiscal year. One possi- 
bility is that the US directors of the bank 
will be asked to hold a special board meet- 
ing and report to Congress on what actions 
they are taking to ensure that their en- 
vironmental guidelines are being met. 

The World Bank spent $800 million last 
fiscal year (5 per cent of its total lending) 
on environmental projects, mainly impro- 
ving water supplies, sanitation and refor- 
estation schemes. The bank provided a 
detailed discussion of environmental 
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Issues in its annual report as evidence for 
its “great concern” about the detrimental 
impact of some projects. Bruce Rich of 
the Natural Resources Development 
Organization said that although the bank 
describes the problems well, ıt does not 
say how jt is going to avoid contributing 
further to them 

The bank is unhkely to be able to main- 
tain its aloof stance from its critics for very 
much longer. Although more than 100 
countries own the bank, the United States 
is the single largest shareholder and can 
exert “considerable leverage” on the 
bank. Specific projects may soon be under 
more severe public scrutiny before de- 
velopment banks can provide the capital 
toimplement them. Maxine Clarke 


Controversy over controls 


Brussels 

DiFFICULT discussions on controversial 
EEC legislation designed to tighten up 
controls on trade in dangerous substances 
with countries outside the European 
Community have reached an impasse at 
departmental level. The problem 1s now to 
be left to the 14 members of the European 
Commission when they meet in October 
in the hope that European Commissioners 
might achieve what plain reasoning has 
obviously not 

Until now, there have been no legal 
restrictions on EEC companies that wish 
to export to the developing countries che- 
micals whose use ts restricted or banned in 
the Community. But a new and very un- 
official EEC proposal would require that 
before being able to export certain pesti- 
cides and other potentially dangerous 
substances (such as polychlorinated 
biphenyls, polychloroterphenyls and 
asbestos), exporters would have to notify 
the government of the importing country 
and inform it of the hazardous status of the 
substance and the dangers involved in its 
use. The government would then have up 
to ninety days to refuse import permis- 
sion. 

Export authorization would be granted 
by the European Commission for a six- 
month renewable period for a specific 
volume only Subsequent exports would 
have to receive the approval of the desig- 
nated authority set up by the EEC ın each 
of the member states to keep an eye on 
trade in dangerous substances. Each ship- 
ment would also have to carry details ab- 
out the toxicity and risks of the product. 

Not surprisingly, the proposals are 
strongly contested by those with industrial 
interests. Among the objections raised 1s 
the likely impracticability of the scheme in 
developing countries which often lack the 
administrative infrastructure necessary to 
respond within the given time Industrial- 
ists fear that the only result will be a 90- 
day delivery penalty for EEC-based ex- 
porters, who would face unfair competi- 


tion and suffer a loss of markets to non- 
EEC companies (in countries such as 
Switzerland) out of range of such laws 

If adopted, the EEC proposal would 
constitute a volte-face on the part of the 
Commission. Despite pressure two years 
ago from the Dutch and Greek environ- 
ment ministers, the then Environment 
Commissioner, Karl-Heinz Narjes, who 
now has the industry portfolio, tried to put 
the lid on the debate by insisting that res- 
trictions have been urged from the Euro- 
pean Parliament, countries within the 
Community, and from further afield. 

Notification and information proce- 
dures have already been adopted by the 
Organization for Economic Cooperation 
and Development and the United Nations 
Environmental Program but these involve 
prior notification, not the more far 
reaching concept of prior consent. (The 
current EEC draft proposal gets halfway 
there by suggesting a system of prior refus- 
al.) The Food and Agricultural Organiza- 
tion’s code of conduct for pesticides, 
which comes up for adoption in Novem- 
ber, originally contained the notion of 
prior informed consent but has since been 
watered down. 

Even though the EEC proposal goes 
further than anything adopted to date by 
other international fora, 1f adopted in its 
present form it would not be going far 
enough for a coalition of international 
non-governmental organizations known 
as ‘CADE’ (Coalition Against Dangerous 
Exports). Last week CADE published a 
report detailing the impact on developing 
countries of the double standards prac- 
tised by the European Community. It re- 
veals, for example, a current bid for ten- 
ders under the European Development 
Fund for companies prepared to export 
40,000 litres of endrin and 60,000 kilo- 
grams of aldrin (both very dangerous pes- 
ticides) for application on a coffee planta- 
tion on the Ivory Coast. The Community 
debate in coming months promises to be a 
hot one. Anna Lubinska 
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Extraterrestrial intelligence 


——-— NEWS 


Is there anyone out there? 


Washington 

A NEW search for extraterrestrial intelli- 
gence was launched last week at Harvard. 
Massachusetts. A multi-million channel 
receiver operated by the Planetary Society 
will search § 4 milhon radio channels for 
possible signals from an alten civilization. 
6+ times more than the society's existing 
Project Senunel Construction of the new 
receiver. called META (for Megachannel 
Extraterrestrial Array) was financed by a 
£100.000 gift from Steven Spielberg. 
director of “ET”. the blockbuster movie 
about the adventures of an alien stranded 
on Earth. 

The antenna to be used by META 1s an 
84-foot diameter dish at Harvard Uni- 
versity’s Oak Ridge Observatory which 
was due to be dismantled until the Planet- 
ary Society stepped in. The META recerv- 
er was designed and built by Paul Horo- 
witz of Harvard University, and has been 
constructed for a knockdown price be- 
cause it searches only selected “magic fre- 
quencies" — frequencies corresponding 
to emission frequencies of the most abun- 
dant atoms or radicals in the Universe 
According to the argument, an alien civi- 
lization seeking to broadcast its presence 
might choose a “magic frequency” to send 
its messages META will look initially for 
ultra-narrow bandwidth signals (using a 
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0 04 Hz channel width) in the noisy 1,420 
MHz region, corresponding to a major 
emission frequency of hydrogen 
Supporters of the “magic frequency” 
strategy argue further that an intelligent 
alien might correct the frequency of its 
broadcast for its own motion relative 
either to the Galaxy or to the Universe as a 
whole, so that a similarly intelligent listen- 
er, by compensating for its motion, could 
eliminate Doppler shift. The Earth’s mo- 
tion relative to the rest frame of the Uni- 
verse and of our Galaxy is now known, 
and META will be the first receiver to 
search the 1,420 MHz hydrogen band in 
these rest frames. A major emission fre- 
quency of the hydroxyl! radical at 1,700 
MHz might also be examined later. 
Spielberg's gift was made on the condi- 
tion that the Planetary Society continue to 
support operation of META for several 
years. which it plans to do from donations 


by members Other searches for ea- 
traterrestrial intelligence are under way in 
the Soviet Union and elsewhere Ohio 
State University's “Bigear™ radio tele- 
scope. which supports one search. has for 
the past two years been under threat of 
demolition in order to make way for a goif 
course; last month the threat was averted, 
however. and the telescope now looks set 


378 


to continue operations for at least another 
10 years And despite severe budget res- 
trictions. the National Aeronautics and 
Space Administration (NASA) has been 
able to spend around $1.5 million a year 
building a recever that. when it comes 
into operation in 1988. will search all fre- 
quencies that are reasonable for interstel- 
lar communication, from ! to 10 GHz. But 
NASA's search, unithe that of Horowitz's 
instrument. will look for pulsed signals 
and examine individual nearby Sun-lke 
stars. Tim Beardsley 





Primate research 


NIH withdraws support 


Washington 
THe University of Pennsylvania last week 
banned primate research and repri- 
manded Thomas Gennarelli and Thomas 
Langfitt of the head injury research 
laboratory. but rejected allegations of 
cruel and mhumane treatment of animals. 
Representatives of People for Ethical 
Treatment of Animals, who last year stole 
researchers’ videotapes, called the uni- 
versity’s decision “most responsible” In 
studies that were carried out in collabora- 
tion with the University of Glasgow, in 
Scotland, the laboratory has been using 
primates to model the effects of brain 
damage in humans. Financial support for 
the research has now been withdrawn by 
the National Institutes of Health (NIH) 
pending a full enquiry, and the Depart- 
ment of Agriculture (DoA) is suing the 
laboratory for violation of the Animal 
Welfare Act. 

The university has decided that NIH 
guidelines for animal research were not 
met in the supervision and training of staff 


or in sanitation and postoperative care of | 


animals These findings are considered 
“particularly troublesome” in view of wor- 
ries already expressed by the university's 
animal care committee as long ago as 
1982. Research will not be resumed until 
the committee, which is being reconsti- 
tuted according to new public health 
guidelines, NIH and DoA, are satisfied 
Gennarell:i and Langfitt said last week 
that all research programmes at the 
laboratory have been jeopardized as a re- 
sult of the ban on primate projects, which 
represent less than a quarter of the labora- 
tory’s work (the rest is computer simula- 
tion and modelling). Gennarelli and 
Langfitt acknowledge some “minor ın- 
fractions” but refuse to abandon the hope 
of resuming their work on injuries to pri- 
mates. Although the university has reaf- 
firmed its “strong support for the use of 
animals in biomedical research", Gen- 
narelli and Langfitt think that permission 
to continue their “controversial” research 
will be withheld “for a long time“ because 
of public protests. 
Maxine Clarke 





US “big science” looks abroad 


Washington 

Tue US National Research Council (NRC) 
is contemplating launching a major study 
on whether increased international col- 
laboration on “big science” would be a de- 
sirable means of increasing funds for ma- 
jor science and technology facilities. A 
blue-ribbon panel chaired by Frederick 
Seitz, a past president of the National 
Academy of Sclences, and Ralph Gomory, 
of IBM, spent two days last week discus- 
sing the question and will shortly make a 
recommendation for a formal study to 
NRC’s Commission of Physical Sciences, 
Mathematics and Resources. 

The study was Inspired by growing con- 
cern that, with attempts to limit the nation- 
al budget deficit a priority for Congress 
and the spiralling cost of the large facilities 
now required by physicists, some planned 
projects might face long delays unless 
other sources of funds are found. The 
proposed Superconducting Supercollider, 
which would probably cost more than 


$3,000 million, is an obvious case in point. 
Although international partners are un- 
likely at this stage to be interested in shar- 
ing construction costs, they might be will- 
ing to supply instruments for the collider, 
which may themselves cost hundreds of 
millions of dollars, according to NRC’s 
Herbert Freidman. 

Space research is another area with sig- 
nificant potential for international col- 
laboration, according to Freidman; the 
planned International Solar Terrestrial 
Physics Program might become a model 
for future collaboration. Cooperation over 
the planned space station and space-based 
interferometry are also being considered, 
as are areas that might be included in the 
Study. 

The proposed study has yet to be formal- 
ly approved by several layers of NRC 
bureaucracy, which could take months. 
After that, the search will be on for agen- 
cies willing to put up the money needed to 
pay for it. Tim Beardsley 





German molecular biology 
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New centre is launched 


Heidelberg 

DESPITE an attempt to burn it down be- 
fore it was occupied, and still under 
makeshift leadership, the Centre for 
Molecular Biology of the University of 
Heidelberg (ZMBH) has begun to fill up 
and 1s heading confidently for its official 
inauguration in November 

ZMBH has tts origins in the decision of 
the German chemical company Hoechst 
in 1982 to invest US$ 50 million into a new 
department of molecular biology at Mas- 
sachusetts General Hospital in Boston 
Stunned by both the sum of money and its 
export to the United States, University of 
Heidelberg molecular biologists per- 
suaded BASF, best known for cassette 
tapes, to provide the seed money for 
ZMBH. The state of Baden Wurttemberg 
then chipped in with a building and salar- 
tes for 30 technical and administrative 
staff and the federal ministry of science 
and technology (BMFT) provided finan- 
cial support to ZMBH as the first of four 
national gene centres. 

Built ın the shadow of the German Can- 
cer Research Centre, which has about 60 
per cent of its 1,200 staff in permanent 
posts, ZMBH with 200 staff will give te- 
nure only to eight or so senior scientists, 
not all of whom have yet been recruited 
Though full professors of the university, 
their teaching load will be a quarter of the 
standard eight hours a week, which is 
possible because ZMBH has the status of 
a central institute of the university, like 
the botantical garden They will, nonethe- 
less, take both graduate and postgraduate 
students 

Research funds will come from three 
core grants. the biggest one of which has 
been approved ın principle by BMFT and 
will be worth at least DM6 million for each 
of the next four years The other two 
grants are in the form of Sonderforschungs- 
bereich support from the German Re- 
search Society (DFG). One grant, for 
neuroscience, has been approved The 
other, for gene expression, ıs expected to 
be approved soon following a site visit two 
weeks ago. 

BASPF’s contribution of an annual DM1 
million for ten years seems in part to be 
slush money. It 1s likely, for example, to 
help provide a sufficient salary to lure to 
ZMBH a senior German scientist in a 
leading US biotechnology company In re- 
turn for their support, BASF gams only 
the right to attach two of its researchers to 
ZMBH Merck (of Darmstadt), who have 
recently agreed to provide a smaller sum 
of money, will be allowed one attached 
scientist n return. 

Despite various ambitions, there 1s no 
director of ZMBH and it is not clear if one 
will emerge Initial attempts to sort the 
matter out were confounded by possible 
conflicts of interest when some of the 


candidates founded a biotechnology com- 
pany (there is now a rule that industrial 
involvement is acceptable as long as ıt 
does not include membership of an execu- 
tive board) At present there ıs a directo- 
rate of five senior staff with Professor 
Hetnz Schaller as their elected “speaker”. 
But with the imminent arrival of Hermann 
Bujard, one of the mitiators of ZMBH 
and presently at Hoffman-LaRoche in 
Basle, it seems likely that the directorate 
will be slimmed down and that Buyard, or 
perhaps Schaller, will head it 

Above the directorate ıs the rector of 
the university who ts assisted by a scien- 
tific advisory board The board, which ts 
international, advises on senior appoint- 
ments and the scientific programme of 
ZMBH. 

As long as there 1s no repeat of the 
bungled attempt to burn down the build- 
ing —a fuse foiled the unknown arsonists, 
who seem to have been driven by a gene 
phobia — ZMBH should be a good show- 
place for the University of Herdelberg as it 
celebrates its 500th anniversary next year. 

Peter Newmark 


China chases share 


in Eureka 

Beijing 

Tue People’s Republic of China seems an- 
xious to play some part in Eureka, the 
French inspired programme of collabora- 
tive research and development in high 
technology. So much became clear at the 
end of last week, during meetings between 
a French delegation led by M. Hubert Cu- 
rien, the minister of research in Paris, and 
officials of the Chinese government. 

Members of the French delegation said 
they had been surprised at the way in 
which the Chinese side had brought up the- 
issue of participation early in the talks, 
which among other things covered col- 
laboration in biotechnology. Precisely how 
China might play a part in Eureka was by 
no means clear but in circumstances in 
which the French enthusiasm has not been 
matched by that of other European gov- 
ernments, the chances are that some way 
will be found. 

Meanwhile, Chinese researchers are in- 
trigued that one of them, Professor Guang 
Zhao, was promoted to become a member 
of the Central Committee of the Chinese 
communist party at last week’s national 
meeting, that at which veteran members of 
several party organs were replaced by 
somewhat younger people. 

Professor Zhao, once head of the Beijing 
Institute of Theoretical Physics, is 56. and 
is believed to be the intended successor of 
Professor Lu Xiang, now president of the 
Chinese Academy of Science. 

John Maddox 





Rural India 
Longer life for 
thatched roof 


New Delhi 

INDIAN scientists engaged in improving 
the lot of the rural poor have found a 
simple, cheap and effective method for 
extending the life of the perishable coco- 
nut leaf thatch and making ıt fireproof. 
Coconut leaf (with a world production of 
42 million tonnes) 1s a major roofing ma- 
terial in the tropics, and in India alone 
some 38 million houses are thatched. as 
well as thousands of cinemas and schools 

The thatched roofs normally need re- 
placement every year. but their life span 
has now been extended to four years by 
treating the thatch with chemicals that are 
neither washed away by rain nor degraded 
ın sunlight 

“The use of treated thatch will lead to 
enormous savings in materials and 
labour”, says Dr C K.S Pillar, a polymer 
chemist at the Regional Research Labora- 
tory (RRL) in Trivandrum, in the state of 
Kerala During a five-year research pro- 
ject, Pillai and his team found that coco- 
nut leaves deteriorate due to rain, alter- 
nate wet-and-dry cycles and more impor- 
tantly due to attack by fungi entering 
through the stomatal openings of the 
leaves Five types of fungi were isolated 
from decayed thatch and were subse- 
quently identified by the Commonwealth 
Mycological Institute in London So Pillai 
attacked the problem by coating the 
thatch with a combination of fungicide 
and a water repellent. 

In the process recommended by RRL. 
copper sulphate is used as a fungicide be- 
cause it ıs cheap The chemical ts dissolved 
in water and sprayed on both sides of the 
thatch, or the thatch ts dipped in copper 
sulphate solution and dried The dried 
thatch ts then sprayed on both sides with a 
hquid extracted from the shell of cashew 
nuts (CNSL) and mixed with kerosene 
CNSL, a by-product of the cashew nut 
industry, 1s an excellent water repellent 
besides being cheap. Trials conducted by 
Pilla: have shown that roofs made of 
treated thatch survive for four years 
while untreated roofs, under similar 
conditions, collapse in 12 months. 

Chemically treated thatches are now 
being used on a large scale in Mitraniketan 
village in Kerala, and other villages are 
catching up with this new technology 

Although the copper sulphate/CNSL 
combination extends roof life. ıt does not 
provide immunity to fire. To make the 
thatch fireproof. the RRL team converted 
CNSL into its phosphorylated derivative 
—.an excellent fire retardant — by heating 
CNSL with phosphonic acid. A coating of 
copper sulphate followed by spraying of 
phosphorylated-CNSL ıs recommended 
by RRL to give added life to thatch as well 
as to protect it from fire 












ade in several laboratories across the 
world. At least nine methods have 
merged for extending thatch life and 12 
hemical treatments have been suggested 
































































-micals used so far are either costly or a 
-health hazard or leached by rain. The 


-and nonleachable. 

- As well as India, the RRL process may 
benefit Sri Lanka and the Polynesian is- 
lands where coconut leaf is the main roof- 
ing material in rural homes. Longer life 
‘for thatched roofs would result in surplus 
-coconut leaves which, according to RRL, 
‘could be used to make newer products. 
Pillai and his team have already made 
- brown paper from the pulp of the leaves, 


-and door panels directly from the leaves. 
_ “The laminates are made by plaiting the 
 Jeaflets into sheets and using these sheets 
~ vas plys as in the case of plywood”, says 
o>. Pillai. K.S. Jayaraman 





US biological weapons 


Protests over 
US Army lab 


Washington 
. Tue latest attempts by lobbying groups to 
«i persuade Congress to regulate the military 
 use.of biological research has centred on 
the US Army's “aerosol test facility” at 
7 Dugway, Utah. 
- Fourteen groups, coordinated by the 
-Committee for Responsible Genetics, are 
seeking a ban on all classified research and 
development “aimed at producing new or 
altered biological agents with properties 
useful for biological and chemical war- 


allegations that the Soviet Union and its 
allies are developing biological weapons, 
incorporation of the 1972 Biological 
Weapons Convention into US domestic 


A aerosol testing facility. 
_ . Congress has approved a $300 rhillion 
modernization of the Dugway Proving 


~ biological and chemical research. Howev- 
er, the controversial part of the project is 
the proposed special testing laboratory 
for handling “toxic biological aerosol 
_ agents”, and construction of the labora- 
_ tory has been delayed by a court injunc- 
> tion which will remain in force until the 
~ Army produces an “adequate” environ- 
mental assessment. 

The Army has responded by stating that 
at will prepare an “environmental impact 
statement”, a much more detailed study 
than required by law, and will contract out 
work to an ‘independent organization 
an attempt to avoid suggestions of bias. 
rmy spokesman stressed that the 








ttempts to extend the life of coconut | 
thatch have been going on for overa | 


‘Upwind versus downwind 


| Less affected countries relegate acid rain 
| issues to faraway forests: 
‘or making it fireproof. Pillai says the che- | 
| policy designed to handle the chemical | 


“RRL recipe is claimed to be cheap, safe — 


_and laminated products such as table tops . 


fare”. They also want an investigation into- 


law and a complete halt to the Pee 


_ Ground, the Army’s primary test site for 





Acid rain 





those more 
affected have so far failed to implement a 


complexity and long-term effects of acid 
pollution. By drawing together worldwide 
data on the problem. a report published 
this week by the environmental pressure | 
group Earthscan tries to bring the prob- 


| lem closer to home. It argues that acid 


pollution is rapidly spreading to the Third 


| World, that downwind countries will place 


increasing pressure on upwind pollution 


sources, and that buildings and crops are | 


as much damaged as trees and fish. 

These data. according to the report. 
widen the scope of acid pollution. Not all 
acid deposition is wet, for example; one- 
third of sulphur emissions in the north- 
eastern United States is thought to be dry 
deposited, converted to acid on the sur- 
faces of plants and buildings. Not all acid 
deposition is sulphur dioxide from fuel- 
burning plants: nitrogen oxide and ozone 
are among the culprits, and cars and ferti- 
lizers as much a problem as smoke stacks. 
Among the less industrialized countries, 
China faces the greatest risks, especially 
from inefficient combustion of low-quality 
coals; and Brazil, says the report, is one of 
the most polluted countries on Earth. 

“Downwind countries like Norway, 
Sweden, Canada and Germany are simply 
not prepared to have their environment 
destroyed from abroad. There is already 
serious talk in Sweden of taking Britain to 
the International Court, and in Norway of 
offering loans to Britain and Poland to 
finance anti-pollution measures at our 
power stations”, says Jon Tinker, director 
of Earthscan. 

The effects of acid pollution on trees 
and lakes have excited the most research, 
but the tangle of cause and effect has led to 
disagreement about the impact on the en- 


Black Forest, claim that there is enough 










































vironment of such pollution. Last weel 
for example, Dr David Lonsdale, the 
plant pathologist of the Forestry Commi 
sion. claimed that the damage to Britain’s 
beech woods was not caused by acid poll 
tion. Resort areas dependent on the 
trees, however, such as West Germany 





evidence to justify governmental action. 

The damage goes deeper than leaves on 
trees, according to the Earthscan report. 
As chemicals wash through the ground 
the soil becomes more acidic. Soil under 
ice during the last Ice Age. including those. 
in South America, Africa and southern. 
Asia, are young in age and have less buf 
fering capacity. Aluminium is a key prob 


fete herreria anahaha iiaa freind Hit Siti 


lem. Normally tied to soil particles, che- 
mical combination frees aluminium to. 
damage root filaments and enter fresh- 
water, where it has proven toxic through 
out food chains. Lakes can be limed, but 
there are no data on how to treat soils, nor 
on how long they take to recover. 3 

Elizabeth Collins 
Acid Earth, by John McCormick, is published 


hy International Institute for Environment and ; 
Development, London, and costs £3. F310, 25. 





- Dugway programme is “entirely defensive 


in orientation” and that there is no de- 
velopment of “delivery mechanisms” for 
biological agents planned anywhere in the 


| Army’s research programme. 


Environmental and other organiza- 
tions, however, fear that military biologic- 


al research signals a “new spiral in the 


arms race”. The validity of “defensive” 
biological research is questioned. 

“Given the enormous natural variety of 
potentially infectious agents, together 
with the extraordinarily increased varia- 
tion and novelty that genetic engineering 
technology provides, it is not possible to 
protect a population against biological 
warfare” Dr Jonathan King, professor of 
molecular biology at the Massachusetts 
Institute of Technology, told congression- 
al representatives. And Dr Francis Boyle, 
professor of law at the University of Hli- 
nois, challenged the “Reagan administra- 


“evidence for violations of biologi 






















tion’s ... claims that the Soviets cannot be. 
trusted with respect to the conclusion o 
future chemical and biological arms con 
trol agreements”. 

_ Dr Boyle argued that, in the absence 


weapons agreements, there is no need 
support “recombinant DNA biologici 
warfare research in the USA”, althoug! 
he recommended that Congress | shoul 
“continue to monitor” the situation 
well as improving existing treaty arra 
ments. : 
Although the Army says that most of it 
evidence for Soviet involvement in bio 
gical warfare research comes from inte 
gence sources, one much-quoted ex 
is the possible use of mycotoxins in 
low rain” in South-East Asia. The A 
refused to confirm or deny that mycot 
ins would be used at Dugway. 

Maxine 
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UK research 





inaugurated 


With much fanfare. and in the presence 
of the prime minister Margaret Thatcher. 
the Spallation Neutron Source (SNS) at 
the Rutherford Appleton Laboratory in 
Oxford was officially inaugurated this 
week. It is expected to be the last major 
facility constructed by Britain's Science 
and Engineering Research Council 
(SERC) for the forseeable future. 

Despite the delays and doubts that have 
afflicted its seven-year construction 
period, SNS is now acknowledged to be 
potentially the most powerful machine of 
its type in the world. Ebulliently, SERC's 
press office makes much of a quote that 
reportedly originated from the Argonne 
Laboratory. where there is a similar facil- 
ity: “My God, they’re going to blow us out 
of the water!” 

Hitherto, British scientists wishing to 
make use of a neutron beam have de- 
pended heavily on the nuclear reactors of 
the Institut Laue-Langevin, Grenoble, a 
facility that is much oversubscribed. With 
a potential influx at the SNS of 4 x 10" 
neutrons per second and an associated 
proton beam current twenty times greater 
than that available at the Argonne 
Laboratory, Britons would now seem to 
be well catered for. However, financial 
Shortages have led SERC to negotiate 
with other countries, exchanging beam 
time with the provision of capital invest- 
ment in the form of detectors, for exam- 
ple. 

Another trade-off currently being in- 
vestigated involves potential British use of 
the projected European Synchotron 
Radiation Facility. Without such arrange- 
ments, SERC could only operate the SNS 
for about one third of the financial year 
1986-87. As it is, the facility will close 
down — as far as users are concerned, at 
least — from Christmas until early April 
1986, the start of the next financial year. 

The principal users of SNS will be those 
wishing to use elastic and inelastic neutron 
scattering to probe solids and liquids. The 
neutrons are generated by the impact of a 
beam of protons on a uranium target. The 
protons arrive in two 100 ns bunches, 300 
ns apart and repeated at 20 ms intervals, 
each pulse containing about 10" protons. 
Having started off as negative hydrogen 
ions boosted to 70 MeV in a linear 
accelerator, the protons enter a syncho- 
tron from which they impinge on the 
target with energies of 800 MeV or so. As 
the term “Spallation” indicates, the pro- 
tons cause a greater number of neutrons to 
be ejected from the uranium, dissipating a 
quarter of a megawatt of heat in the pro- 
cess and leaving a highly radioactive 
target. Thus water cooling and remote 
handling techniques are essential. 

Philip Campbell 
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Labour’s green charter 


| Joss are a common political lure: less 
| common its the claim that hundreds of 


thousands of them will result from proper 
environmental planning and research, as 
the UK Labour Party's Jobs and Industry 
Campaign promised last week at the 
launch of its environmental charter. 

With proper planning, says Labour, 
economic growth and full employment 
can follow from such policies as product 
recycling, nuclear waste controls, reduc- 
tion in pesticides, and protection of the 
countryside environment. Environmental 
research, says Dr David Clark, Labour 
environmental spokesman, is one source 
of new jobs as well as of the necessary data 
for planning. He criticized the recent 
slashing of the budget of the Natural En- 
vironment Research Council and of the 
Soil Survey, which faces a halving of its 
budget in April. Instead, he said, Britain 
should follow the example of West Ger- 
many, where 300,000 environmentally re- 
lated jobs have been created. 

Health problems around such plants as 
British Nuclear Fuel’s Sellafield should be 
“relentlessly investigated” and the current 
moratorium on the dumping of radioac- 
tive wastes at sea should be continued. 
(The London Dumping Convention voted 
to suspend this method of disposal inde- 
finitely last week but Britain voted against 
the resolution, which is not legally bind- 
ing.) Such policies need a Department of 
the Environment with backbone says 
Labour, which wants the ministry to be a 
Department of Environmental Protection 
and Development. The new name is in- 
tended to signify a change in emphasis and 
inter-departmental clout. 





Labour sees Britain's refusal to join the 
“30% Club” for acid emission reductions 
as “the most glaring example” of unmet 
international obligations concerning the 
environment. Britain is the largest pro- 
ducer of sulphur dioxide in Western 
Europe and yet no effort is being taken to 
retrofit power stations. “Not only is it 
morally wrong to pollute our neighbours’ 
lakes and forests but it is economically 
stupid”, according to Dr Clark. 

In the countryside, “erosion of planning 
control” is manifested in the Forestry 
Commission, whose aforestation policies 
are “beyond control”. Another offender, 
according to the Labour charter, is agri- 
culture, “the largest subsidized industry in 
the country”. Spurred by these subsidies, 
the industry produces “unsaleable sur- 
pluses of grain, butter and beef”, while 
farmers are discouraged from conserva- 
tion efforts and wildlife lose habitat. 

Mrs Angela Rumbold, new Conserva- 
tive Environment Minister, defended the 
government's policies by claiming that 
“management of the environment must be 
by the best practicable means... and 
clear both about the costs and benefits of 
taking action and about the risks of leav- 
ing things as they are”. 

She echoed the Labour charter by call- 
ing for more public disclosure of pollution 
data, particularly from nuclear facilities. 
She also pointed out the dangers Britain 
faces: “A ‘cheap and dirty’ image will be 
of no benefit to our industry at home or 
abroad.” She did not, however, mention 
jobs as an ingredient of the government's 
“practical green policies”. 

Elizabeth Collins 


Père David’s deer which is to be re-introduced into China next spring. In 1900, most of 
the population was wiped out when they escaped from the Imperial Hunting Park near 
Beijing after its walls were damaged by a flood. The last wild specimen was shot in 1939 in 
the marshlands of the Yangzee delta where 30 deer from zoo populations will be placed in 
a new wildlife reserve. (Photograph courtesy of Zoological Society of London). 
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What future for fast reactors? 


Sir—In their article’ last year. Keepin and 
Wynne raised questions about the integri- 
ty of mathematical modelling in the ener- 
gy study” by the International Institute for 
Applied Systems Analysis (IIASA) called 
Energy in a Finite World (Specific refer- 
ences 1n what follows are to page numbers 
in the published report.) The implied 
accusation is that the modelling 1s biased 
to emphasize the potential role of the fast 
breeder reactor. but that only small 
changes in the parameters involved show 
this solution to be unnecessary This re- 
quires a rebuttal 

Keepin and Wynne’s big mistake is to 
have confused mathematical modelling of 
scenarios with the rest of the book. Our 
conclusions are not to be found in the 
chapters on mathematical modelling. 
which are not meant to anticipate the con- 
clusions. which are themselves given at 
the end of the book (chapter 25) 

The conclusion that matters there is that 
“it could be done” (p. 771). The conclu- 
sion 1s not that it will, should or even can 
be done. The use of the conditional rather 
than the indicative verb refers implicitly to 
the overall assumptions, that the world 
will not experience major catastrophes, 
that. overall, ıt will behave rationally and 
cooperatively and that the gap between 
developed and developing countries will 
be closed, albeit slowly In other words, 
we asserted that primary energy supply 
could meet future energy demand. 

Whether the real world develops 1n this 
way is deliberately left open. Indeed, we 
conclude that “the reality of political, 
societal and institutional problems will 
probably make the situation more grim 
than has been described in our two scenar- 
ios” (p. 778) So the study ıs meant to 
serve for purposes of orientation and pro- 
vision of perspective, not as a prediction 
of reality, as was recognized when the 
study was considered “sensible” in an 
editorial note’ in Nature 

The conclusion that “the demand for 
liquid fuels is a principal driving force of 
the energy problem” (p. 779) was a sur- 
prise not in the minds of the authors when 
the study was begun in 1973. They indeed 
expected that fast breeders would assume 
a major role, if not the major role, in the 
future; the study showed something diffe- 
rent, a problem within the energy prob- 
lem 

So much, the authors learned; they had 
come a long way, which led to fossil, not 
nuclear, fuels. If the study makes a case at 
all, it is the case for fossil fuels. On the 
global scale, even low quality fuels were 
recognized to be important, whence our 
concern for environmental issues and the 
issue of the cleanliness of fossil fuel usage 
(pp. 781, 804). Since then, the cleanliness 
of fossil fuel usage has indeed become a 
political issue (the SO,, NO, case). But in 


the late 1970s. when the study was con- 
cluded. that was not in everybody's mind. 

In contrast with these explicit conclu- 
sions. there 1s no such explicit conclusion 
about the fast breeder, which enters only 
indirectly. Nuclear power must fill a gap 
when. by 2030. a total ot between 24 and 
36 TW-years per year of primary energy 
must be provided in our scenarios {p. 
787). If one wants to postpone the use of 
nuclear power. these sources are already 
stretched to their limits. After all. our 
study was not considering just the United 
States as were Keepin and Wynne. but the 
whole globe. Indeed. our study even sup- 
posed that the United States would take 
on the role of coal supplier for Western 
Europe and Japan. 

But if nuclear power 1s to assume the 
role of providing 5-8 TW-yr yr‘, it will be 
necessary to have a large number of 
breeders. They will follow the learning 
curve, so that their costs will decrease. 
This is a top/down approach and not in 
logical contradiction with a bottom/up 
approach which, in a different context, 
would allow that there would not be many 
breeders, so that learning would not take 
place. 

This dichotomy between a top/down 
approach and a bottom/up approach 
points to what ts inevitably lost when there 
is no substantial number of breeders We 
might not be able to provide 3-4 kW per 
head of the world’s population. Indeed, 
the study notes that “nuclear waste and 
proliferation issues could limit the build- 
up of nuclear energy over the next fifty 
years” (p. 779) and so is quite explicit on 
this issue. 

Keepin and Wynne’s underlying prop- 
Osition 1s to do without nuclear power by 
not using energy, that is by energy con- 
servation In the countries of the Orga- 
nization for Economic Cooperation and 
Development (OECD), this leads mostly 
to the substitution of energy by capital and 
to drastic changes of lifestyle. Our study 
concludes that “only radical changes of 
lifestyle could lead to very low energy de- 
mand” (p 773); we also say that “our Low 
Scenario implies strong — but probably 
more realisable —- energy conservational 
measures” (p. 774). We continue to have 
strong doubts about the so-called soft- 
energy paths, but it is possible that their 
advocates could arrive at a comprehensive 
and global energy study, such as Energy in 
a Finite World, dealing not just with the 
OECD countries or only the United States 
but with the world as a whole, including 
the developing countries. Such a study 
might change our minds. 

So far in this rebuttal, we have referred 
only to chapter 25 of our study, which con- 
tains our conclusions. What then was the 
function of mathematical scenario writing 
in the study? Mathematical scenario writ- 
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ing was but one tool among others The 
study considered various strata with both 
qualitative and quantitative insights. The 
quantitative insights, mathematical mod- 
elling matching energy demand and supp- 
ly in various parts of the world, had then to 
be synthesized with the insights derived 
from other levels of the study, elements in 
the formidable task of drawing conclu- 
sions. 

Keepin and Wynne have thus not recog- 
nized the structure of our study. They 
separated a particular part of it and made 
it appear as if the conclusions were de- 
rived exclusively from that. 

The more specific questions of mathe- 
matical modelling in general and linear 
programming in particular have been 
addressed in an earlier rebuttal’; refer- 
ence is made to that for readers who are 
interested in these details. 

This letter was received in the Nature 
office on | February 1985 

W. HAFELE 
Kernforschungsanlage Julich GmbH, 
Postfach 1913, 
D-5170 Julich, FRG 


1 Keepin B & Wynne, B Nature 312, 691-695 (1984) 

2 Halele Wom Energy m a Finue World Vol 2 (Ballinger 
Cambridge, Massachusetts, 1981) 

Nature 290, 349-350 (1981) 

Hafele, W & Rogner, H -H Policy Sct $7.341~365 (1984) 
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Radiation risks 


Str—As a member of the team cooperat- 
ing with the Medical Research Council in 
its study of mortality among people work- 
ing for the UK Atomic Energy Authority, 
may I say how pleased my colleagues and I 
were to see in Nature (22 August, p.666) a 
balanced and generally accurate resume 
of the papers recently published in the 
British Medical Journal. So much could 
certainly not be said for much of the 
national press. 

There is, however, one inaccuracy that 
could lead to misunderstanding. The num- 
ber of deaths from prostate cancer (28 not 
38 as you report) within the authority is 
precisely the number that you would ex- 
pect on the basis of national rates (see 
Table III of the paper) and is clearly not 
excessive. The excess you mention refers 
only to a subgroup of workers who had 
been monitored for tritrum; six deaths 
occurred when the expectation was only 
0.67. Whether or not this is fortuitous 1s 
not known, although further investiga- 
tions are to be conducted. It should be 
noted, however, that the overall mortality 
of tritium workers 1s exceptionally good, 
being only 60 per cent of the nationally 
based expectation (see Table VII). 

L. SALMON 
Environmental and Medical 
Sciences Division, 
Atomic Energy Research 
Establishment, 
Harwell, Oxfordshire 
OX11 ORA, UK 
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Events at the surface of the cell 


Cell diyision requires a simple external signal to be converted into a complex series of internal events. 
Attention to that process would help more than further oncogene sequences in understanding cancer. 


AMONG speakers at last month’s EMBO 
Symposium on Growth Factors, Recep- 
tors and Oncogenes (Heidelberg, 16 -19 
September) the most common currency 
was a figure along the lines of that shown 
here. The exact version differed according 
to the interests and beliefs of individual 
speakers. But all attested to the growing 
recognition that the hard facts of molecu- 
lar biology have, sooner rather than later, 
to be integrated with cell physiology and 
even plain old biochemistry if they are not 
to be biologically sterile 

‘This is nowhere more so than in the case 
of oncogenes, where molecular informa- 
tion on gene and protein sequences has far 
outstripped understanding of how the pro- 
teins are involved in tumorigenesis. And 
exactly the same can be said of the genes 
from which oncogenes are derived (by 
mutation) and whose proteins are in- 
volved in normally regulated cell growth 
Thus we know the sequences of many nor- 
mal growth factors, a few of their cell- 
surface receptors and a number of 
oncogenes that are known or suspected to 
be mutants of growth factor or receptor 
genes, but much less about how the signal 
generated by a growth factor meeting its 
receptor on the exterior surface of a cell’s 
membrane ts converted into internal in- 
structions that lead to cell division. 

At least something ts known, of the ini- 
tial events. Thus the binding of some 
growth factors, including platelet-derived 
and epidermal growth factors (PDGF and 
EGF), to their receptors, activates a tyro- 
sine kinase (TK) activity on'the receptors’ 
internal tail. Some ligand-receptor com- 
plexes, including EGF-receptor, are in- 
ternalized. The PDGF-receptor complex, 
unlike the EGF-receptor complex, acti- 
vates phospholipase C (PLC), which 
generates inositol trisphosphate (IP,) and 
diacylglycerol (DG). IP, leads to the re- 
" lease of intracellularly stored calcium ions 
(Ca**); DG activates protein kinase C 
(PKC), which seems to trigger Na*/H* ex- 
change, accounting for the transient tn- 
crease in pH that characterizes growth fac- 
tor-stimulated cells But some of these 
links are poorly understood and there are 
many others to be forged if the initially 
observed events in a stimulated cell are to 
be explained, let alone the end result of 
regulated or, in cancer, unregulated cell 
division. 

One particular puzzle is where the pro- 
tein products of the ras genes fit in. These 
proteins are located in the cell surface, 


| bind GTP and hydrolyse it Certain muta- 


tions convert the genes into oncogenes, 
the protein products of which are much 
less good at hydrolysing GTP. With the 
collapse (see. Nature’ News and Views 5 
September, p.16) of the idea that ras pro- 
teins might be the GTP binding proteins 
(G) that convert a hormonal signal at the 
cell surface into the production of cyclic 
AMP by adenylate cyclase (AC), atten- 
tion at Heidelberg was turned to the possi- 
bility that ras proteins (RAS) are the link 
between receptors, such as that for 
PDGF, and phospholipase C (PLC). But 
so far it is hopes rather than evidence that 
keep that idea afloat 

- Whereas the rise in internal Ca** that 
rapidly follows PDGF stimulation of a cell 
seems to be a consequence of the release 
of internally stored Ca”, that following 
EGE stimulation ts the result of an inward 
flux of extracellular Ca’*, according to W 


H. Moolenaar of the Hubrecht Labora- 
tory in Utrecht By generating monoclon- 
al antibodies to the EGF receptor that 





Initial events at the surface of a stimulated cell 


mimic EGF in terms of stimulating TK but 
not in raising internal Ca”, he has neatly 
dissociated the two responses. The EGF 
receptor was the focus of attention by 
speakers from several laboratories, in part 


because it provides a good example of re-, 


ceptor ‘transmodulation’. In this example, 
the affimty of EGF receptor for EGF ıs 
decreased by the binding of PDGF to its 
own receptor It seems that the mechan- 
ism hinges on PKC which, activated by 
PDGF binding, phosphorylates EGF re- 
ceptor on a serine residue that lies just on 
the cytoplasmic ‘side of the cells mem- 
brane. (How that decreases the affinity of 
the extracellular binding domain of the 
receptor or, for that matter, how EGF 
binding activates the intracellular TK, are 
pressing questions.) A contrasting exam- 
ple of transmodulation is the binding of 
insulin to adipocytes. This increases the 
number of insulin-like growth factor re- 
ceptors on the cell surface by decreasing 
their phosphorylation, which inhibits their 
internalization, suggested M.P. Czech of 


the University of Massachusetts 

Whereas there is at least some under- 
standing of the initial events mediated at or 
via the surface of a stimulated cell, next to 
nothing ıs known about the process by 
which later events are induced For now, 
the emphasis is on finding out which 
genes, and in what order, are induced by 
stimulation In that respect, a fascinating 
new turn of events, described by C.D 
Stiles of the Dana-Faber Cancer Institute 
in Boston, ts the increase in B-interferon 
and 2’ ,5’— oligoadenylate synthetase gene 
transcripts after the stimulation of fibro- 
blasts by PDGF, although considerably 
later in time than the previously 
documented induction of myc and fos 
(which are both implicated as oncogenes 
in other circumstances). Interferon and 
the synthetase are well known to be in- 
duced by viruses and are thought to medi- 
ate the antiviral response of cells, with the 
synthetase generating 2’,5'-adenylate 
which then activates a ribonuclease that 1s 
supposed to have a specificity for viral 
messenger RNA Stiles suggests that the 
specificity 1s broader and perhaps includes 
myc, fos and other messenger RNAs that 
must only be allowed a transient appear- 
ance in stimulated cells if their growth is to 
be normally regulated. In complementary 
experiments reported by Stiles, vesicular 
stomatitis virus or poly (1:C) induced myc 
and fos before interferon and the syn- 
thetase, and in much the same manner as 
PDGF. 

In fully (serum) stimulated cells there 
are perhaps 100 induced genes according 
to D. Nathans.of Johns Hopkins Universi- 
ty. Either luck or brute force will be 
needed to identify the key members of 
such a large set. Key member or not, one 
of 100 genes is of considerable interest in 
that it encodes a new hormone, proliferin, 
which is related by sequence to prolactin 
In mouse tissues, a proliferin-like protein 
1s found only in the placenta, which con- 
tains messenger RNAs for two proliferin- 
like peptides. 

With the emergence of new hormones 
and reports of new receptors (several 
laboratories have characterized a receptor 
that is closely related to the EGF receptor, 
but none has found its ligand), oncogenes 
(including one that contains a large seg- 
ment of a tropomyosin gene) and inositol 
phosphates (notably a 1,3,4-isomer of the 
usual 1,4,5-IP,), the likelihood 1s that any 
figure ‘of the type shown is destined soon 
to become a palimpsest. Peter Newmark 
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Cometary science 


NEWS AND VIEWS 


ICE encounters Giacobini—Zinner 


from Stanley W Cowley 


On 11 September 1985 the NASA Inter- 
national Cometary Explorer (ICE) 
spacecraft made the first ever close fly-by 
of a comet, passing through the tail of 
comet Giacobini—Zinner 7,800 km from 
its icy nucleus Two days later, the first 
results presented at Godard Space Flight 
Center, Maryland, by the principal inves- 
tigators of seven ICE experiments, re- 
vealed a rich and detailed data set 

The results have already ended more 
than thirty years of speculation on the na- 
ture of solar wind-comet interactions by 
showing how the comet’s atmosphere in- 
teracts with the solar wind, the supersonic 
proton-electron plasma that blows con- 
tinuously outward from the Sun into the 
Solar System at speeds of about 400 km 
s~ In particular, it has been verified that 
the interaction produces copious fluxes of 
energetic heavy ions in the region sur- 
rounding the comet, resulting from solar 
UV ionization of the extended cometary 
atmosphere followed by ion pick-up by 
the solar wind flow The wind flow be- 
comes mass-loaded and slowed in the pro- 
cess; the long, filamentary ion tats of 
comets are formed by the capture of 
magnetic flux from the solar wind result- 
ing from this mass-loading, as first theo- 
rized by H. Alfvén ( Tellus 9, 92; 1957) 

The ICE spacecraft was launched in 
August 1978 as ISEE-3 (International 
Sun-Earth Explorer-3) After a successful 
four-year programme to study particles 
and fields in the solar wind, it made the 
first detailed observations of the Earth's 
extended magnetic tail (see Nature News 
and Views 315, 281; 1985). A final lunar 
swing-by on 22 December redirected 
ISEE-3 towards Giacobini-Zinner On 
successful completion of this manoeuvre 
ISEE-3 was renamed ICE. 

Giacobint—Zinner ıs a periodic comet, 
independently discovered by M. Giacobi- 
min 1900 and E Zinner in 1913 The 
elliptical orbit has a period of 6 5 years, 
and lies between the orbits of Earth and 
Jupiter At the time of the ICE encounter 
the comet was six days past its closest 
approach to the Sun and was crossing the 
ecliptic plane at an angle of about 30° 
Fortuitously, the component of the com- 
et's speed tn the plane of the ecliptic near- 
ly matched that of ICE (30 km s`’). so that 
Giacobini—Zinner made a simple north to 
south pass across the spacecraft at a sedate 
relative speed of 21 km s>’ ICE was 
targeted so that the centre of the comet's 
tail should have passed across it, 10,000 
km from the nucleus. But due to a hiccup 
in the comet's orbital parameters, 
the nucleus was only 7,800 km from the 
spacecraft, causing considerable concern 
that cometary dust would inactivate the 


spacecraft’s solar cells ICE survived the 
encounter with no measureable degrada- 
tion in performance, although plasma 
bursts produced by the impact of 
micrometre-sized particles on the 
spacecraft body may account for the wave 
bursts detected at a rate of about one ev- 
ery second during the hour of closest 
approach, as reported by FL Scarf 
(TRW Systems, California) 

Phenomena associated with the interac- 
tion of solar wind with the cometary 
atmosphere were observed over a much 
longer interval. The atmosphere results 
from sublimation of the icy surface mater- 
ial of the nucleus (itself about a kilometre 
in diameter), and 1s believed to expand 
outwards, essentially unrestrained by 
gravity, at about 1 km s™'. As the gases 
(mainly water vapour) expand, they 
undergo complex photochemical reac- 
tions with sunlight, leading to breakup 
and ionization of the initial molecules. 
Time scales for the latter processes are of 
the order of 10-10° s, so that with about 
1 km s™’ expansion speeds, these phe- 
nomena are expected to extend 10-10" km 
from the nucleus. Upon ionization the 
tons are picked up by the solar wind flow 
(~400 km s') and accelerated to kinetic 
energies proportional to their mass, typi- 
cally a few tens of keV for O* or OH’ As 
reported by R.J.Hynds (Imperial College, 
London), pickup ions with these energies 
were detected by the energetic ion experi- 
ment run by Imperial College/SSD-ESA/ 
Space Research Laboratory Utrecht more 
than one day before the spacecraft's 
closest approach, when it was still 2 mil- 
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Gracobint-Zinner's interaction with the solar 
wind The cold plasma tail 1s about 25,000 km 
across The solid icy nucleus (not to scale) 1s 
probably only a few km across Short arrows 
indicate the direction of plasma flow away from 
the Sun Solid lines indicate magnetic field lines 
lying approximately ım the ecliptic plane 





lion km from the comet These observa- 
tions constituted the first evidence of the 
approaching comet in the ICE data. 
Although bursty in nature. peak fluxes 
generally increased as the comet was 
approached. reaching values higher than 
any seen in the previous seven years of the 
experiment Confirmation that these 1ons 
were low charge-state heavy ions was pro- 
vided by the energetic 10n experiment of 
the Max-Planck Institute, Garching and 
the University of Maryland, as reported 
by D Hovestadt (MPI. Garching). 

Although the production of copious 
fluxes of heavy ions by solar wind pick-up 
1s confirmed to be a umque feature of the 
solar wind-comet interaction, the energy 
and momentum input to energetic ons 
close to the comet may be expected to 
become so large that substantial slowing 
of the flow occurs (the flow becomes ‘mass 
loaded’). The magnetic field which is 
frozen into the highly conducting plasma 
should then become distorted and 
‘draped’ around the cometary obstacle 
(see figure) This was broadly confirmed 
by the ICE thermal-electron and 
magnetic-field expenments, described by 
S.J Bame (Los Alamos National Labora- 
tory) and E.J. Smith (Jet Propulsion 
Laboratory), respectively. 

An overview based largely on these re- 
sults is shown in the figure. No clear shock 
was observed in the magnetometer data in 
the outer part of the mass-loaded region, 
but a broad, turbulent interaction region 
was found 70,000 —120,000 km from the 
comet's nucleus. Intense plasma waves 
were detected in this region Inside this 
broad turbulent layer a less disturbed 
‘sheath’ region of slowed flows was de- 
tected before ICE crossed the cold plasma 
tail of the comet for a 20 min interval 
centred on closest approach. Thus, the tail 
1s 25,000 km across, and 1s characterized 
by draped magnetic fields and cold elec- 
tron densities of about 100 cm*‘. Within 
this region 1s an induced bipolar magneto- 
tail with embedded neutral sheet, which 
presumably results from cometary capture 
of solar wind magnetic flux by mass- 
loading. Electron densities in the heart of 
this tail, deduced from measurements 
made by the radio-wave experiment, were 
reported by J.-L. Steinberg (Pans 
Observatory, Meudon) to exceed 600 cm™ 
in a ~1,000-km thick layer, with energies 
~-3 eV. The predominant ton tn this region 
is from the ‘water group’ though some 
CO’ may also be present, according to 
K.W Ogilvie (Goddard Space Flight 
Center). 

Many more months of study will be re- 
quired before the full implications are 
realized. But it 1s already clear that a 
quantum leap has taken place in know- 
ledge and understanding of the atmos- 
pheres of comets and their interactions 
with the solar wind. m 


Stanley W H. Cowley ıs m the Blackett Labora- 


tory, Imperial College, Prince Consort Road, 
London SW7 2BZ, 
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Virus structure 


First comparison of two animal 
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viruses in three dimensions 


from Stephen C. Harrison 


THE full three-dimenstonal structures of 
two small, positive-stranded RNA animal 
viruses, reported recently in Nature’ and 
in Science’, are dramatic crystallographic 
achievements as well as major.contribu- 
trons to structural virology. The technical 
significance of the human rhinovirus 
(HRV14) structure described by Ross- 
mann and colleagues’ has already been 
detailed in these columns’ With the pub- 
lication of the poliovirus structure by 
Hogle, Chow and Filmen’, the structure of 
these two related viruses can now be com- 
pared. It 1s clear that 

they have many re- 
markable details tn 
common, a number 

of which they also | —. 
share with the RNA 
plant viruses. More- 
over, the structures 
have important im- 
plications for assem- 
bly, antigenicity, re- 
ceptor binding and 
uncoating. 

The so-called pic- 
ornaviruses, of which 
poliovirus and rhino- 
virus are examples, 
are built from 60 cop- 
ies of each of four 
viral proteins, known 
as VPI — 4, and froma 
single genomic RNA 
with a small protein 
(VPg) at its 5’ 
terminus’. All the vir- 
al proteins are synth- 
esized as part of a 
polyprotein precur- 
sor cleaved as shown 
in Fig. la. The cleav- 
ages generating VPO 
(= VP4 + VP2), 
VP3, and VP1 are 
carried out by a virus- 
specific protease. Six- 
ty copies of VPO, VP1 
and VP3 can form 
an RNA-free shell, 
known as a procapsid 
and believed to be a 
precursor to the 
virus particle’ The 
cleavage of VPO to 
VP4+VP2, required 
for RNA incorpora- 
tion, may be, autocat- 
alytic or it may be 
facilitated by some 
other part of the cap- 
sid structure. The ma- 
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ture virion appears to contain one or two 
uncleaved VPO chains. 

How do these proteins fold and how do 
they form a virus particle? The poliovirus 
and rhinovirus structures show that the 
folded polypeptide chains of VP1, 2 and 3 
all have very similar core structures — f 
rolls that are strikingly similar to the S 
domains of tomato bushy stunt virus 
(TBSV) and southern bean mosaic virus” 
(see Fig. 1b). These compactly folded 
cores have long N-terminal extensions, 
shorter C-terminal extensions, and signifi- 





Fig. 1.a, Order and approximate relative sizes of VP1 - 41n the polyprotein from which they are 
cleaved b, Folded structure of the polypeptide chain in the ‘core’ of VPI, VP2 and VP3 
(adapted from Hogle eral , ref 2) Such a domain, hased on two B sheets. 1s sometimes termed 
a ‘swiss roll’ or ‘jelly roll’ The arrows labelled 1. 2 and 3 indicate the positions of significant 
insertions in VP1, VP2 and VP3 respectively, both in poliovirus and HRV14 Since the upper 
part of the diagram corresponds to the outside of the virion, all the insertions. as well as the 
C-termimus, can be seen to project outwards c, Packing of VPI - 41n the capsids of HRV 14 and 
pohovirus Three protomers (1 copy each of VPI - 4) are shown, with the elements of the upper 
right-hand protomer exploded from the icosahedral particle The full capsid contains 60 
protomers, symmetrically covering the icosahedral shell (see Fig 2b ın ref 1) Here special 
attention 1s given to the N-terminal arms of VP1 -3 and to VP4 (drawn as for poliovirus”, 
HRV 14 seems essentially similar'). The arm of VPI 1s shown dotted that of VP3 dashed and 
the arm of VP2 and all of VP4 solid Note the way the arm of VP3 loops under VPI and 
interacts with four other VP3 arms in a twisted tube around the 45-fold axis (indicated by heavy 
curved arrow and outlines of a pentagonal prism) A loop near the N-terminus of VP4 also 
‘backs up’ this twisted tube structure The point at which VP4 1s cleaved from VP2 1s shown by 
an arrow on the exploded VP2 subunit Clearly VP4 1s part of the N-terminal extension of VP2 

In the protomer in the lower half of the figure. positions are indicated of four clusters of residues 
(numerals | ~- 4), identified by Hogle er al ° as principal neutralization sites in pohhovirus Similar 
sites have been identified in HRV 14 (refs 1,13) The insertion and C-terminal extension of VPI 
are also shown, as residues in them contribute to clusters 3 and 4 respectively Note how they 
enhance the overall contribution of VPI to the viral surface 


VPt 


NATURE VOL 317 3 OCTOBER 1985 


cant insertions at the positions of one or 
more loops between ß strands. VP4 ıs, in 
effect, part of the N-terminal extension of 
VP2. The proteins are packed in the icosa- 
hedrally symmetrical particle, as shown in 
Fig. 1c, with the N-terminal extensions 
(including VP4) toward the inside of the 
particle In poljovirus and HRV14, the 
character and length of the extensions and 
insertions are very similar, but compari- 
son with other picornaviruses suggests 
some variability in these elaborations, 
probably significant for antigenicity. 

No features attributable to RNA are 
seen in either of the new electron density 
maps. The crystallographic methods used 
would only have seen RNA segments 
bound ın identical ways to all 60 proto- 
mers. Thus, just as in the plant viruses”, 
there is no fixed way in which RNA in- 
teracts with ordered parts of the protein. 

The disposition of N-terminal arms in 
these structures is re- 
markable. The arm of 
VP1 folds into a large 
loop lying against the 
inner surface of VP3. 
The arm of VP3 ex- 
tends beneath VPI 
from its N-terminus 
near the 5-fold axis of 
the particle, where it 
interacts with four 
other symmetrically 
related structures in a 
five-stranded ß struc- 
ture that Hogle et al’. 
describe as a twisted 
tube. The N-terminus 
of VP4 lies near the 
twisted tube, so that 
five VP4 segments 
contribute to the 5- 
fold structure. The 
remaining part of 
VP4 extends toward 
the particle’s 3-fold 
symmetry axis, and 
its (C-terminus lies 
near the N-terminus 
of VP2, from which it 
is cleaved. This de- 
scription, shown in 
the diagram in Fig. 
ic, implies that the 
arms can fold only as 
the subunits associate 
— that is, the impor- 
tant tertiary structure 
of the N-terminal ex- 
tensions cannot be 
realized without the 
quaternary organiza- 
tion of the capsid. 

What are the im- 
plications of this pat- 
tern of organization 
for viral assembly? 
Steps thought to 
occur in the virion 
formation pathway 
include the initial 
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Rodney Robert Porter (1917-1985) 


Ropney Porter, best known for his land- 
mark elucidation of the structure of anti- 
body molecules, was killed on September 6 
in an automobile accident that tragically 
ended the life of an extraordinarily re- 
spected and beloved scientist a month be- 
fore his 68th birthday. Only weeks earlier, 
a special meeting had been held in Oxford 
to mark his retirement from the Whitley 
Chair of Biochemistry, though he was to 
have continued as director of the Medical 
Research Council’s Immunochemistry 
Unit for another four years. The subjects 
discussed in the meeting by Porter’s for- 
mer Students and associates, along with 
present members of the Unit, were those 
that had been of particular interest to Por- 
ter in recent years, especially the structure 
and genetics of complement components 
and their cellular receptors. 

Porter’s interest in the immune system 
was aroused in 1946 when, as a graduate 
student under the supervision of Fred 
Sanger in the Cambridge University Bio- 
chemistry Department, he read the mono- 
graph that inspired a generation of im- 
munologists, Landsteiner’s classic, The 
Specificity of Serological Reactions, which 
delineated the remarkable range of anti- 
body specificity. Since most antibodies are 
indistinguishable in overall molecular 
properties and even in antigenicity, the ex- 
traordinary diversity in combining speci- 
ficity seemed paradoxical. As Porter stated 
in his Nobel lecture (Science 180, 713; 
1973) in characteristically simple and clear 
terms; “This combination of an apparently 
infinite range of antibody combining speci- 
ficity associated with what appeared to bea 
nearly homogeneous group of proteins 
astonished me and indeed still does”. It was 
to the resolution of this “antibody para- 
dox” that Porter’s research was directed 
during the first phase of his career. 

By the 1950s, methods had been de- 
veloped for determining the amino-acid 
sequence of proteins, but these techniques 
were not then applicable to molecules the 
size of antibodies. Porter recognized that it 


would be necessary to fragment the anti- 
body molecule to find a smaller piece that 
retained the activity. In expriments car- 
ried out initially in Cambridge and subse- 
quently refined in the late 1950s at the 
National Institute for Medical Research at 
Mill Hill, he found that the enzyme papain 
cleaved rabbit IgG antibodies into three 
pieces of similar size:two identical Fab 
fragments, each of which carried a com- 
bining site and with it the inherent 
variability of the parent molecule, and an 
Fc piece which — most surprisingly — 
crystallized. “This last observation sug- 
gesting that a protein that itself would 
never crystallize could give a fragment that 
presumably was more homogeneous and 
hence able to crystallize, was quite unex- 
pected and indeed was unacceptable”, 
wrote Porter in his Nobel lecture. Later, 
Porter took great pleasure in telling how 
for several months he threw the Fc crystals 
down the sink in the belief that they were 
crystals of cystine, derived from the cys- 
teine that had been used to activate the 
papain. Finding common and variable 
structures within a single protein molecule 
provided the key to the solution of the anti- 
body paradox. 

Also in the late 1950s, Gerald Edelman 
at the Rockefeller Institute demonstrated 
that antibodies are multi-chain proteins. 
The remaining problem was to relate the 
papain pieces to the chains, which necessi- 
tated isolation of the chains in soluble 
form. This was accomplished in the early 
1960s in Porter’s laboratory, then located 
at St Mary’s Hospital Medical School in 
London. Antigenic analysis of the sepa- 
rated heavy and light chains with antisera 
to the Fab and Fc fragments played a cru- 
cial role in providing evidence for the four- 
chain model, which was proposed by Por- 
ter in 1962. For their contributions toward 
establishing the basic structure of the anti- 
body molecule, Porter and Edelman were 
jointly awarded the 1972 Nobel Prize in 
Physiology or Medicine. 

After moving to Oxford in 1967, Porter 
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and his colleagues extended their investiga- 
tions of immune phenomena from the anti- 
body molecule to complement, effectively 
applying the methodology of protein chem- 
istry and DNA technology to unravel some 
of the molecular complexities of this 
system. Their studies focused on the struc- 
ture and activation of the early compo- 
nents. An intriguing result was the deter- 
mination of the unusual structure of the 
Cig subcomponent that binds to antibod- 
ies —— its six globular heads and collagen- 
like stem resemble a bunch of tulips. 

Recently, Porter’s group established the 
order of the complement genes in the 
major histocompatability gene complex 
(MHC). One of the components encoded 
by these genes, the highly polymorphic C4, 
occupies a key position in the complement 
cascade, binding covalently to antibodies 
and cell-surface antigens and non- 
covalently to other complement compo- 
nents and control proteins. Porter specu- 
lated that the polymorphism of C4, by 
affecting the level of complement activa- 
tion, might account for the association of 
MHC with certain disease states. Porter 
enjoyed working at the bench and was 
planning to begin his ‘retirement’ by 
attempting to crystallize C4 proteins. 

All who were acquainted with Rodney 
Porter agree that he was a highly original 
individual who profoundly affected every- 
one who crossed his path. In his science, as 
in his life, he focused on the central issues. 
Whether investigating the structure of a 
complex protein or tramping across the 
countryside he followed a purposeful, 
though often unmarked, route. Byways 
did not distract him; with gaze forward, he 
noticed and remembered everything he 
passed while others, looking in all direc- 
tions, missed half the landscape. Although 
his famous walking speed may have de- 
creased somewhat in recent years, the 
rigor of his scientific thinking and the 
vigour of his leadership were undimin- 
ished. In Porter there was an exceptional 
integration of man and scientist and he was 
as much loved for his unique character as 
he was respected for the accomplishments 
that sprang from it. L.A. Steiner 





processing cleavages to form VPO, VP1 
and VP3, association of these units to 
form a 6S protomer, and association of 6S 
species into pentameric 14S structures. 
The VP0/VP1/VP3 assembly unit in these 
viruses is clearly defined by the inter- 
actions of the N-terminal arms just de- 
scribed, as well as by the dispositions of 
C-terminal extensions from VP1 and VP3 
(see Fig. 1c). The significance of the 14S 
species (a pentamer of these protomeric 
assembly units) is also clear from the con- 
vergence of five VP3 N-termini in the 
twisted tube and their association with 
segments of VP4 (Fig. 1c). The phenom- 
enon of regulating assembly by interaction 
of extended arms was first discovered in 
the plant viruses**. The assembling units 
are not just rigid, preformed ‘bricks’; they 


have extensions that reach across adjacent 
units to form second- and third-nearest 
neighbour interactions. 

Another conclusion about assembly 
that can be drawn from the HRV14 and 
poliovirus structures is pointed out in both 
papers’: cleavage of VPO, VP1 and VP3 
from each other is probably an early 
event, preceding formation of the 6S 
protomer, since the C- and N- termini 
generated by the cleavages are not at all 
near each other in the virion. Indeed, N- 
termini are on the inside of the particle 
and C-termini are on the outside. 

By contrast, the proximity of the C- 
terminus of VP4 and the N-terminus of 
VP2 is consistent with the later occurrence 
of the corresponding cleavage. The posi- 
tion and character of this junction gives no 


obvious clue, however, to the observed 
linkage between VPO cleavage and RNA 
incorporation. Polio- and rhinovirus pro- 
teins, unlike many plant-virus coat pro- 
teins and unlike the core subunits of 
alphaviruses, do not have positively 
charged ‘R-domains’ at the extremities of 
their N-terminal extensions, The mechan- 
ism of RNA condensation in these struc- 
tures is therefore not yet evident. It is 
probably appropriate to consider again 
whether RNA is inserted into a preformed 
capsid, as suggested by previous in vivo 
kinetic data on poliovirus, or whether 
RNA is condensed by association with 14S 
pentamers as they assemble into a shell. 
The implications of these structures for 
studies of viral antigenicity are no less 
striking. Viral epitopes can be assigned by 
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various methods but probably the most 
specific involves isolation and character- 
ization of ‘monoclonal release mutants’ — 
viral mutants selected for resistance to a 
neutralizing monoclonal antibody, Cor- 
relation of such mutations with three- 
dimensional structure of a viral protein 
was shown to be useful by Wiley et al.”, 
who found that in epitopes thus identified 
in influenza virus, haemagglutinin clust- 
ered on the surface of the subunit, often in 
protruding loops. Hogle et al.* comment 
that sites located in this way in polio- 
virus" ” appear to cluster into three or four 
patches on the surface (see Fig 1c) anda 
similar but not identical set of patches in 
HRV14 are described by Rossmann et al.’ 
from the work of Sherry and Rueckert”. 
All the mutation sites occur in exposed 
loops, which are fully accessible to anti- 
body binding. These loops include all the 
protruding insertions in the three princip- 
al poliovirus subunits and two of the three 
in HRV14. The polio VP1 C-terminus, 
draped over VP3, is also implicated. Re- 
sidues in such loops can probably be more 
variable in sequence than residues in the 
core. 

The way in which the insertions and C- 
terminal extensions decorate much of the 
viral exterior suggests a mechanism of 
antigenic disguise, in which potentially 
variable structures cover much of the ac- 
cessible antigenic surface. Similar sugges- 
tions have been made for influenza virus 
haemagglutinin, where the conserved re- 
sidues essential for receptor (sialic acid) 
binding are in a deep pocket, inaccessible 
to antibodies", and where acquisition of a 
glycosylation site in one strain has led to 
the covering of a protein epitope by the 
new oligosaccharide”. 

The unanticipated similarity of the 
cores of VP1, VP2 and VP3 to each other 
and to the S-domains of plant-virus coat 
proteins emphasizes how alike small 
positive-stranded RNA viruses are in both 
plant and animal hosts. Such a rela- 
tionship was already evident from the 
homology of viral RNA-dependent RNA 
polymerases, pointed out by several 
groups”. The implications for our 
understanding of viral evolution cannot 
yet be adequately assessed. A possibility, 
with important consequences for virology, 


is that animal and plant viruses share a - 


fairly recent history, perhaps through the 
mediation of insect hosts. 

An important factor for tissues tropism 
and pathogenesis of a virus is its binding to 
receptors. Picornavirus receptors have 
been partly characterized but not yet puri- 
fied, and different members of the family 
appear to have different receptors’. The 
shape and packing of VP1 gives rise to a 
depression on the surfaces of HRV14 and 
of poliovirus, which Rossman et al.' sug- 
gest may be the site of receptor interation. 
VP1 has been implicated in receptor bind- 
ing in foot-and-mouth disease virus”. 

One consequence of binding to a cell is 
that these viruses undergo a conforma- 
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tional change that leads to release of VP4 
(ref. 4). Since VP4 1s an internal protein, 
and since the core domains are rather 
tightly packed, the shell must expand or 
breathe in some manner for’ VP4 to 
escape. The expansion of plant viruses 
such as TBSV provides a plausible model 
for sucha process” This transformation 1s 
a cooperative rearrangement of subunit 
packing ın the shell, conserving many of 
the interactions in the native particle while 


a few others are altered or ruptured. 


It has been suggested” that neutral- 
ization of poliovirus involves cross- 
linking of a few subunits by divalent anti- 
body molecules, which would indeed in- 
hibit a cooperative structural transition. 
Studying altered forms of the picornavirus 
particles may thus provide significant 
insight into initial events in uncoating. 
Understanding of subsequent events will 
require information not yet available from 
cell biological experiments on the form in 
which RNA enters the cytoplasm. Is it still 
encapsidated (for example, by VP1-3), or 
is uncoating coupled to membrane 
traversal? Either possibility leads to 
structural puzzles. 

It should be evident from this summary 
that X-ray crystallography has just begun 
to contribute to our understanding of virus 
assembly and viral pathogenesis. The two 
structures just completed show that the 
technology and methodology — devel- 
oped in work on plant virus structures’*” 
and first applied to problems of human 
viral infection in work on influenza virus 
haemagglutinin” — are firmly in place. 
Indeed, the HRV14 and polio virus stu- 
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dies make an interesting contrast in this 
respect, for Rossmann’s group has used 
synchrotron data collection and a super- 
computer, whereas Hogle’s group has re- 
lied on a laboratory X-ray generator anda 
small VAX computer. Methods aside, 
what 1s evident from the parallel features 
of these two structures is that elucidation 
of the regulated assembly, of the complex 
antigenicity, and of the incompletely char- 
acterized binding and uncoating of these 
viruses Can now proceed from clear three- 
dimensional pictures. 0 
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Rise and fall of periodicity 


from David M. Raup 


THE question of whether major extinc- 
tions in the history of life have a clocklike 
spacing has been hotly debated. Some 
good syntheses of palaeontological data 
have resulted, and the debate has pro- 
duced a general search for other periodic 
signals in the Earth’s history. One possi- 
bility is periodicity in the geological record 
of the reversals of the Earth’s magnetic 
field — though the consensus has been 
(and-perhaps still is) that the fine structure 
of the magnetic record is purely stochas- 
tic. A danger with all such analyses is that 
they tend to yield “an answer”, which may 
hide real problems with the data set and 
statistical methods used, as is well illus- 
trated by the recent history of this subject. 

In 1983, Negi and Tirwar' argued for a 
32-Myr stationary periodicity in the 
magnetic field and Mazaud et al.’ claimed 
a 15-Myr periodicity. Earlier this year, 
from my own analysis’, I recognized a 30- 
Myr signal in phase with, and possibly a 
harmonic of, the 15-Myr signal. The 15- 
Myr analysis was debated in Nature * and 


now, on page 409 of this issue*, Lutz chal- 
lenges my case for a 30-Myr periodicity 

He has shown by an elegant experiment 
that the 30-Myr signal 1s predictably sen- 
sitive to the length of the time series: when 
the record is truncated by progressively 
eliminating the most recent events, the 
spectrum changes, showing that the 30- 
Myr peak is an accident of record length. 
Lutz is correct. And I apologize to the 
readers of my earlier paper. 

While the implications of Lutz’s study 
for the other claims of periodicity in 
magnetic reversals are not yet clear, since 
those studies used different statistical 
techniques, they will now have to be ex- 
amined very carefully. The new result also 
has implications for the periodicities 
in biological extinction’” and impact 
cratering" that have been claimed. Two of 
the three studies of extinction used essen- 
tially the same statistical techniques that I 
used with the magnetic data?’ but, as Lutz 
points out, the extinction and magnetic 
data are different. I am happy to report 
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that Lutz's truncation procedure has been 
applied to the analysis of the extinction 
data with no effect on its results 

Let me discuss more generally what a 
claim of periodicity in the history of the 
Earth. or its biology. really means In 
almost any statistical analysis of the trming 
of events. the first job ts to see if a null 
hypothesis of randomness can be rejected. 
This ts convenient in the present case 
because random spacing in time. which 
could result from multiple. mdependent 
causes. happens also to be the chief con- 
ventional wisdom in geology and palaeon- 
tology. But there 1s an unfortunate mis- 
conception about random patterns that 
makes the research difficult’ most people 
tend to equate random spacing with uni- 
form spacing For example, it is easy to 
think that a 30-year flood is due every 30 
years and that we are safe for a consider- 
able time after each such flood. Nothing 
could be further from the truth Points 
randomly placed on a time line show a 
Poisson distribution and are almost always 
clustered ın a counter-intuitive pattern, 
with long gaps between clusters The stat- 
istical testing of the extinction record was 
started because the major events of the 
past 250 Myr looked much more evenly 
spaced than expected. The testing led to 
rejection of the random hypothesis — 
although this rejection 1s naturally only as 
good as the statistical methodology used. 

Once the null hypothesis of randomness 
Is rejected, a search for any particular 
non-random signals can begin There ts 
a special difficulty here, because of the 
nearly infinite and uncountable number of 
possible non-random signals that could 
describe the real sequence. Only a few 
of these can be tested in practice, and 
these are limited to the simplest models 
When a claim is made that a simple 
periodicity, such as 26 or 30 Myr, fits 
geological or palaeontological data, all 
this really means ıs that the fit is better 
than for other signals that have been tried. 
One can rarely attach a confidence level in 
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a maximum Itkelthood sense to the claim. 
except in the context of the original rejec- 
tron of the null hypothesis of randomness 

How important 1s the accuracy of the 
data that go into the analysis? Can rejec- 
tion of the hypothesis of randomness be 
challenged if the dating or identification of 
events contains substantial uncertainty? 
The answer is generally no and this ts 
again counter-intuitive Suppose. for ex- 
ample. that we have a perfect periodic 
signal. Reyection of the random hypoth- 
esis in such a case would be straightfor- 
ward and emphatic Now suppose we de- 
grade the data by adding random noise, 
say by moving points forward or back in 
time by randomly chosen amounts. This 
will change the sequence away from 
periodicity and towards randomness 
Thus, the inclusion of uncertain data in 
the time series only makes tests of the null 
hypothesis more conservative: the worse 
the data, the less likely one ts to be able to 
establish a non-random pattern It1s prob- 
ably more prudent to include questionable 
data than to risk unconscious bias by re- 
moving them. 

In my view, the claimed periodicities in 
the Earth's history should be seen as 
hypotheses for testing. Each claim ts only 
as good as its ability to predict other cor- 
related phenomena, be they companion 
Stars or tectonic cycles, and the jury ıs still 
out on this confirmation. o 
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A pulling out of fingers 


from Tang Enver 


AN EXCITING new structural clue about 
the mechanism of polymerase III trans- 
cription and the regulation of 5S RNA 
genes has recently been found’. Two 5S 
RNA multigene families are found in 
Xenopus: the ‘somatic-type’ and the 
‘oocyte-type’, which produce short, ident- 
ically sized transcripts differing by only 6 
nucleotides in sequence The somatic- 
type genes are present at ~400 copies per 
haploid genome, being transcribed in both 
somatic cells and oocytes The oocyte- 
type genes, which are present at ~20,000 
copies per haploid genome, are only trans- 
criptionally active in oocytes. 5S RNA 


genes therefore provide a prime model 
system for the developmental contro! of 
eukaryotic gene expression (see refs 2,3 
for review). 

Both gene types are transcribed by 
RNA polymerase III and like all eukary- 
otic class III genes contain an internal con- 
trol region (ICR)*, which directs upstream 
Initiation by the enzyme. Polymerase III, 
however, is only able to recognize the ICR 
in the context of a transcription complex 
involving at least three other factors’ *. 
One of these, a protein of relative molec- 
ular mass 40,000 (40K) called TFIIIA, con- 
stitutes up to 15 per cent of total oocyte 


protem. interacts specifically with the ICR 
of 5S genes’ and 1s not required for the 
synthesis of any other polymerase I] 
transcript The binding of TFIIIA to the 
ICR is followed by the sequential binding 
of factors TFIIIC and TFIIIB. It ts to this 
complex that RNA polymerase III binds" 

As well as binding 5S DNA, TFIIIA ts 
associated with 5S RNA in a 7S nbonucleo- 
protein particle that ıs the storage form of 
5S RNA during oogenesis (see ref 3). The 
ability to bind the transcription factor of its 
own gene suggests an attractive autoregula- 
ton mechanism for 5S RNA synthesis. 
based on feedback inhibition The striking 
similarities between the 5S RNA-TFIITA 
interaction and the 5S RNA-ribosomal 
protein interaction suggest that TFIIA 
may be an evolutionary descendant of the 
ribosomal protein’. 

TFIIA 1s the first eukaryotic transcrip- 
tion factor to have been sequenced”, 
analysis of the sequence information re- 
veals a segment in the TFIIIA coding 
region that contains significant sequence 
homology with the 5S ICR One possib- 
ility this raises 1s that TFIIIA can interact 
with its own gene and messenger RNA in 
much the way that ıt does in the 5S system". 

Although these models suggest mechan- 
isms for the overall regulation of 5S RNA 
genes, they do not explain why oocyte- 
type genes are active in oocytes and rep- 
ressed in somatic cells, whereas somatic- 
type genes function in both cell types /n 
vitro transcription experiments using 
cloned somatic and oocyte 5S templates in 
crude extracts have failed to reflect the 
transcriptional activity displayed by the 
two gene types in somatic cells". How- 
ever, in vitro transcription experiments 
using purified chromatin templates have 
been successful in this regard. Further 
analysis of these templates reveal that 
the somatic-type genes are packaged in 
chromatin as active ‘stable’ transcription 
complexes, requiring only the addition of 
polymerase IT] for transcriptional activity 
The repressed oocyte-type genes are not 
complexed with transcription factors and 
are prevented from recruiting these fac- 
tors by a structure dependent on histone 
H1 (refs 11,12). 

How then does the asymmetrical 
distribution of active and repressed stable 
complexes anse? The following model 
has been proposed": early in oogenesis 
in conditions of TFIIIA excess, large 
amounts of 5S RNA are synthesized as a 
result of the activity of both 5S RNA gene 
types. As 5S RNA accumulates, TFIIIA 1s 
recruited into 7S ribonucleoprotein stor- 
age particles The cellular concentration 
of TFIITA decreases during late oogenesis 
and on through early embryogenesis This 
decline in TFIIIA concentration ıs 
accompanied by the full repression of the 
oocyte-type genes by the end of 
gastrulation In the face of hmiting 
amounts of TFIIIA, the fourfold stronger 
binding affinity of TFIIA to the ICR of 
the somatic gene, which differs by two 
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base pairs from the ICR of the oocyte-type 
gene, could be sufficient to account for the 
observed asymmetrical distribution of 
stable active complexes. Generalized 
repression of those genes that have failed 
to recruit transcription factors occurs 
through the binding of H1. 

As this stable complex is formed at a 
region internal to the transcriptional start 
of the gene, how is it able to withstand the 
continued cycling of RNA polymerase 
through 1t? Miller et al.' provide an elegant 
answer to this question. They show that 
the 7S mbonucleoprotein contains between 
7 and 11 zinc atoms. Proteolytic digestion 
of the 40K TFHIA protein yields the 
characteristic 30K and then 20K products 
used by Smith et al.“ for footprinting 
analyses; extended proteolysis yields a 
progression of intermediates spaced at 3K 
intervals, suggesting a periodic arrange- 
ment of small compact protein domains 
3K in size Computer analysis of the 
amino-acid sequence reveals nine copies 
of an imperfectly repeated motif of 30 
amino acids, extending from residues 13- 
276 of the protein. Combining all this 
information, Miller et al. suggest that 
TFIHA is composed of nine flexibly 
linked, small, compact, looplike domains, 
each enclosing a central zinc atom at tts 
base by virtue of the two invariant pairs of 
cysteines and histidines (see figure). 
These looplike regions or ‘fingers’ 
are the proposed DNA binding regions. 
Differences in the amino-acid sequences 
at the ‘fingertips’ could reflect the lack of 
obvious nucleotide sequence repetition in 
the ICR. The remaining 70-residue stretch 
of TFIHA has no homology with the 
repetitive zone, suggesting that ıt 
corresponds to the 10K domain required 
for efficient transcription but not for 
binding to the ICR. 

This structure for TFIIIA is able to 
explain how the 5S transcription complex 
can remain stable despite the repeated 
passage of polymerase III. TFIIA could 
disengage fingers bound near the process- 
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An interpretation of the structural features of 
the protein TFIHA and its interactions with 
DNA. The DNA 1s drawn curved, as if resting 
on a jong beaded surface of the protein The 
infernal control region of the 5S RNA gene 
(bases 40 — 100) 1s drawn as six turns of DNA 
The amino end is followed by nine repeats 
(residues 1 — 276) contacting the control region. 
The repeats may be extended DNA-binding 
‘fingers’ linked by flexible joints. each with a 
zinc-ion centre The relationship between the 
grooves of the DNA and the positions of the 
protein is unknown The drawing must not be 
taken literally but each unit binds to about a 
half-turn of DNA (modified from ref. 1) 
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ing polymerase while remaining bound by 
its other fingers’. 

Sakonju and Brown have suggested that 
TFIA makes contact primarily with only 
one strand of the DNA helix". If each 
finger interacts with one half turn of the 
helix as suggested, then the protein must 
spiral around the helix following the 
strand. Alternatively if the protein les on 
one side of the helix, alternate fingers 
would have to interdigitate in different 
planes Flexible hinging between the 
domains would make this possible 

Both the strand specificity and multiple 
contact binding of TFHIA are reminiscent 
of another eukaryotic transcription factor, 
Spi (ref 15), which binds to several short 
GC boxes tn the early promoter region of 
simian virus 40 (SV40) and a related 
monkey cellular promoter Some of the 
SV40 early unit transcriptional initiations 
occur within and upstream of the Spl 
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binding site. Spl may therefore face some 
of the same problems as TFIIIA. Could. 
then, the use of multiple small contacts be 
a common feature of eukaryotic genetic 
regulatory proteins? Certainly the notion 
of amplifying an ancestral small domain 
would make good evolutionary sense O 


Miller J etal EMBO $ 903 (1984) 

Brown DD Hares. Lect 76 27 (1982) 

Korn L J Nature 295 101 (1982) 

Cilberto ET eral Can Topics des Biol 18 39 (1983) 
Segall J eral J biol Chem 225. 11986 (1980) 

Shastry BLS eral J biol Chem 257 12979 (1982) 
Engelke DR etal Cell 19 717 (198Q) 

Bicher J J eral Cell 40 119 (19845) 

Garett RA & Noller HF Trends frochenr Ser 7, 309 
(£92) 

10 Ginsberg A M etal Cell 39.479 (1985) 

ii Brown D D Cet 37.359 (1984) 

12 Schissel MS & Brown. D D C eff 37 903 (1984) 

13 Smith DR etal Celf37 645 (1984) 

14 Sakonju $ & Brown D D Cel/ 31 395 (1982) 

18 Gidom D etal Nature 312, 409 (1984) 


ers DN ee OD oe 


Tarig Enver isin the Department of Biophysics, 
King's College, 26-29 Drury Lane, London 
WC2B5RL, UK 





Astrophysics 


Lithium probes the Universe 


from David N. Schramm 


Two DECADES ago lithium was considered 
an obscure light element, bypassed by 
mainline nucleosynthetic processes in 
stars, and thought to be synthesized with 
the other light nuclei in some mysterious 
proto-solar process (the ‘x’-process)' — 
now ıt has become one of the confirming 
cornerstones of the big bang itself and one 
of the best probes of stellar evolution. 

This transformation in the role of Li has 
been not so much a revolution as an evol- 
ution: each new result has appeared small 
but the accumulated result has been 
dramatic. Recently added to this 20 year 
history are two incremental but significant 
new Li results: those of Catherine 
Pilachowski’ (Kitt Peak National 
Observatory) on lithium abundances in a 
moderately old star cluster, and those of 
V. Viola and his colleagues’ (University 
of Indiana) in a paper about nuclear cross 
sections for Li, Be and B. Both represent 
parts of far larger programmes at these 
two institutions on very different but 
tangentially related aspects of Li in 
astrophysics; they also complement inde- 
pendent major efforts to determine Li 
abundance at Paris and Chicago, and 
other cross-section measuring efforts at 
Michigan and California. 

To put this new work in perspective let 
us remember that Li has two stable iso- 
topes ‘Li and ‘Li, both of which are 
nuclearly fragile in that they are easily 
‘burned’ away when exposed to protons at 
temperatures of a few million degrees, as 
encountered in stellar interiors. In add- 
ition, mainline nucleosynthesis occurs via 
the triple-alpha process which jumps from 
He to C and O, skipping over Li, Be, and 
B. Asa result, these elements have abund- 
ances that are many orders of magnitude 


below both He and C. 

These meager but non-zero abundancés 
have been intriguing; for although initially 
thought to be made along with deuterium 
by some proto-star process. ıt was subse- 
quently shown by Hubert Reeves and his 
collaborators in Paris that proto-solar pro- 
cesses were not energetic enough to do the 
job of making any of the light nuclei. in- 
cluding D Subsequent work by Reeves, 
Fowler, and Hoyle“ showed that Li, Be 
and B abundances could be roughly 
understood by spallation processes result- 
ing from cosmic rays hitting interstellar 
material. (In fact, cosmic ray abundances 
of Li, Be and B are comparable to their 
neighbours.) Such spallation processes, 
however, fail to produce sufficient D and 
produce ’Li/Li = 2, whereas the observed 
meteoritic value is ~ 12; thus "Li must be 
supplemented. (The problem with the ”B/ 
“B isotopic abundance ratio of ~ 4 versus 
the spallation cross-section ratio of 2.5 is 
still not unambiguously resolved.) Fortu- 
nately D and ’Li happen to be made in the 
big bang in just the right abundances’ to 
do the necessary supplementation if the 
density of baryons is ~ 10 per cent of the 
critical value. These arguments have been 
strengthened considerably as spallation 
cross-sections have been determined at 
more energies with greater frequency. 

This 1s where Viola’s work fits. In par- 
ticular, it has been shown’ from the cross- 
section that Li is overproduced in almost 
any process that can make D These 
constraints are strengthened by Viola’s 
new work on “He + “He — Li + 'H, 
which support the cosmological role of 
D and ’Li. 

The cosmological use of Li was further 
enhanced when the Spites’ found that old 
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Population II stars had Li on their surface, 
which did ‘not appear to be depleted by 
stellar processing and gave a good fit to 
the Li abundance predicted by big bang 
nucleosynthesis from consistency with He 
and D. To this ’Li from the big bang must 
be added ‘Li and “Li as well as Be and B 
from cosmic-ray spallation. 

Looking at the surfaces of stars of 
different ages to trace the evolution of Li 
in the Galaxy is not easy: since Li ts 
destroyed inside stars, any star with a deep 
enough convective surface or any star 
which went through a deep convective 
phase will burn its Li For example. our 
Sun. a Population I star, severely depleted 
its surface Li, indicating cither that the 
Sun’s current convection zone goes deep 
enough thatitis sufficiently hot to burn Li. 
or that during the proto-solar convective 
phase, the Sun was hot enough to deplete 
Li. It should be noted that standard solar 
models do not predict this solar Li 
depletion’; thus convective overshoot or 
pre-main sequence burning is required 
even for the Sun. The fact that some of the 
Spites’ near solar-mass Population II stars 
did not burn their Li tells us that the depth 
of convective zones may change with 
composition 

Pilachowski’s observation of Li in a 
moderately old (1.5 x 10’ yr) star cluster, 
NGC 7789, being at a level comparable to 
the current interstellar Li abundance (big 
bang plus cosmic ray production) tells us 
that stars in this cluster did not deplete 
their Li either. To put this in perspective, 
young clusters, such as the Hyades, do 
show Li depletion in their solar mass and 
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lighter stars; lower-mass stars have 
deeper convective zones so they would 
deplete their Lieven more Thus an older 
cluster has had time to deplete Field stars 
of the mass that are seen in NGC7789 also 
show lower Li Pilachowski argues that 
this non-depletion of Li may be due to 
some difference between field stars and 
cluster stars. She should follow through on 
this point and talk to her Kitt Peak col- 
league Helmut Abt’ who has shown that 
NGC7789 has an excess of ‘blue straggler’ 
stars which are supposed to be indicative 
of binary stars, since that 1s the only way to 
understand their colour and luminosity 

The possibility that stars transfer mass be- 
fore Li depetion occurs may be a straight- 
forward explanation for the lack of Li 
depletion ın the cluster. 

It is clear that modern Lı studies are 
very active and are not only telling us 
about cosmology and cosmic rays. but are 
also probing the details of internal stellar 
structure and evolution. m) 
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Controlled crystallization 


from J. C. Elliott 


CrysTA.s that grow within or around an 
organism as a result of normal physio- 
logical processes are almost always of uni- 
form size and shape, have a well-defined 
orientation and are deposited ın a specific 
site. How this is achieved ıs for the most 
part a puzzle (see Biological Mineraliz- 
ation and Demineralization, ed. Nancol- 
las, G. H.; Berlin, 1982). L Addadi and 
S. Weimer (Proc natn. Acad. Sct. U.S A. 
82, 4110; 1985) have now provided insight 
into these processes by the discovery of an 
atomic-scale mechanism for the control of 
crystal shape and orientation by means of 
proteins that are rich in aspartic acid. 

The atomic structures of most of the 
30 or so mineral crystals that occur in 
the animal and vegetable kingdoms are 
known, often in considerable detail, 
Similarly, there 1s an enormous body 
of detailed information abqut the struc- 
ture. synthesis and function of biological 
organic molecules and systems. Yet 
understanding the processes that take 
place at the interface between these 


biominerals and organic molecules (and 
sometimes inorganic ions) that result in 
controlled mineralization has proved to be 
elusive. Often there 1s clear evidence of a 
close relationship between a biological 
molecule and its associated crystal — in 
bone many of the calcium phosphate 
crystals are located close to and even 
within collagen fibres, with their long 
directions (hexagonal axes) parallel to the 
length of the collagen fibres, and in some 
classes of mollusc shells the argomte 
crystals (one form of calcium carbonate) 
are oriented with respect to the §-sheet of 
the protein molecules. But in other 
tissues, such as developing dental enamel, 
there 1s a clear orientation of calcium 
phosphate crystals but little evidence of an 
oriented protein matrix. Nevertheless, the 
concept that the orientation of mineral 
crystals can be controlled by an organic 
matrix 1s well established. If the 
orientation can be controlled by the 
matrix, it is a short step to presume that 
the matrix can sometimes initiate crystal 
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nucleation, 

It 1s well known that some small 
molecules or rons can have a profound 
eftect on the shape and rate of crystal 
precipitation at concentrations as low as 
10°10" molar. The first indication that 
the same phenomenon might have 
biological relevance came from studies of 
naturally occurring inhibttors of stone 
formation in urme (for example, 
citrate, pyrophosphate and magnesium 
ions). ‘The identification of pyro- 
phosphate as a naturally occurring 
inhibitor led to the speculation that its 
local concentration could provide a 
mechanism for controlling crystal 
deposition in bone 

More recently, interest has centred on 
the role of acidic macromolecules, par- 
ticularly proteins with carboxyl and/or 
phosphate groups tn their side chains that 
can bind calcium tons and which are often 
found at sites where calcium phosphate 
or carbonates are being precipitated In 
their elegant investigations, Addadi and 
Weiner study the effect of aspartic 
acid or serine-rich protein isolated from 
mollusc shells on the development of the 
crystal faces of calcium salts of various 
dicarboxylic acids and calcite 

By not tackling the medically more 
relevant effect of inhibitors on the 
nucleation and growth of calcium 
phosphates, Addadi and Weiner have 
gained two advantages first, they avoid 
complications that arise from the fact that 
there are several different calcium 
phosphates that are hable to precipitate 
and subsequently interconvert, unless 
conditions are very closely controlled; and 
second, calcium carbonate, as distinct 
from the calcium phosphate of bone, 
forms crystals large enough for the 
relative development of the faces to be 
determined without too much difficulty 
Thus, they can identify the crystal faces 
that adsorb the inhibitor molecules 
because their growth 1s suppressed. 

It was then possible, from a study of the 
structures of the compounds, to seek 
common structural features in the crystal 
faces that could be interacting with the 
adsorbed molecules. Addadi and Weiner 
find that the only faces of the calcium 
dicarboxylic acid salts affected are those 
that have carboxylate groups emerging 
perpendicular to the surface (Fig 1). 


Ca Ca Ca 





Furthermore, of the mhibitors studied, 
only those with a B-sheet conformation 
(aspartic acid rich matrix protein and 
polyaspartate) have a specific effect. It 
was deduced that there is a specific 
cooperative stereochemical interaction 
which involves the replacement of calcium 
ions bound to a rigid protein by those in 


388 3 koer ' i 


t ad š 


the surface ‘of the crystal face which, 
ideally, would then occupy the. same 
positions. 
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The planar carbonate tons ın calcite are 
arranged so that their oxygen-atoms lie in , 
sets of parallel planes with calcitim ions 
sandwiched between them: Thus, it would 
be expected that any specific stereochem- 


ical interaction between calcium-loaded | occurs 


aspartic acid rich proteins is on these, 
planes. Indeed, this was found to: be the 
case, but through a curious phenomenon: 
namely the development of a single face 
parallel to the planes of the carbonate 10n 
(the plane abc in Fig. 2) when protein 1s 
present, even though the internal sym- - 
metry of the crystal requires that a diamet- 
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When the going gets tough 


from Paul H. Harvey =` > 
THERE are times of the ‘ay or, in seasonal 
environments, times of the year, when 
food 1s hard to obtain. During these diffi- 
cult periods, animals may rest, sleep or 
hibernate. Alternatively, they may keep 
on feeding, though sometimes widening 


` their dietary range. What interplay of selec-_ 
tive forces determines the best response. 


‘to food deprivation? A number of recent 
studies provide some of the-answers. | 
The ways morphological structures,’ 
physiological processes and, ultimately, 
behavioural’ responses scale with body 
size provide a useful perspective, to the. 
problem. Across the animal kingdom, 
basal metabolic needs scale with the 0-75 


power of body size, which means that ' 


larger animals need to use less energy per 
unit body weight to maintain themselves. 
Fat stores, however, 
1-19 power of body size’, so that larger 
animals can live longer on: their’ stored: 
reserves. For example, according to a 


recent paper by Stan Linstedt and Mark: 


Boyce’, the maximum time between fuel- 
ings for an elephant is about 200 times 


longer than for:a mouse. The fasting—. 


endurance difference becomes even great- 
er at lower ambient temperatures, partly 
because larger animals are better insu- 
lated. Added to these advantages of large 
size, gut volumes increase proportionately 


increase. with the. 


_'| can be controlled’ For example, crystal 
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Subsequent experiments. showed ia the 
‘crystals develop this’ single: extra face 
because they are nucleated on acidic 


>» a 


ia 
‘Taking expected food deprivation times 
as constant across shrew species. Hanski 
‘reasons that a small shrew could-survive -,” 
proteins that have been adsorbed on a flat ‘only very short periods on a diet that-con- 
surface of the container. The crystals then | tains a mere five ; per cent, fewer calories 
grov: outof this facé and develop normally.’ than it needs to maintain itself. On the 
with rhombohedral faces. <5 ‘other hand a larger shrew, with sufficient 
It is very ‘satisfying . that a detailed | energy reservés to weather the crisis. 
mechanism--has been elucidated’ for the | could rest until times are better ~~ 
“nucleation and control of the orientation Hariski’s predictions were confirmed in 
of calcite crystals in molluscs, but how | an elegantly designed expenment com- 
universal is this’‘type of mechanism likely } paring two large. species (Sorex araneus 
to be? Given the large variety of minerals ` and S.’ isosdon). with two, small species 
‘and types of situations in which they:can (S. minitus and S:-caucutiens). The CO, out- . 
occur, it ıs probable that there are several |,’ put of a shrew.in a metabolic chamber was 
ways in which’ deposition of minerals. “continuosly monitored by an infra-red gas 
analyser to measure rates of metabolism. 
The results were fedintoa microcomputer 
that’ automatically released just’ enough 
food into the chamber to match energy ex-'- 
-penditure, and the proportion of time the 


was 


growth can be inhibited’ by adsorption of. 
molecules onto scréw- -dislocations, and 
there is good evidence. that in some, 
forms of vertebrate hard tissues initial 


precipitation of calcium ` - phosphates ‘Shrew was active was used as its ‘activity 
inside -Cells, Bam in mito- | index’. After 24 hours, the machine 
chondria . In v'addition` it’ has beer | started feeding the shrew at a level such 


suggested that en R bodies ` 
derived - from; cells (the so-called ‘matrix 


that, if it maintained its previous activity 
index, it would lose five per cent of its 
-vesicles) are tHe sites „of initial: mineral | current” “body `wèight. After 15 hours 
presipuanom:, a . | of deprivation; individuals: of the small 
= - species had appreciably increased their 
“activity levels while the large Species spent 
more time resting (see figure). l 
“ The importance óf death nom starva- 
- ‘tion among birds-as well as small mammals 
8 3 = > a -%0 a “has been known far some time, although 
i classical optimal foraging models have not 
considered the problem.'The decision ab- 
out whether to accept or reject a food item 
has been implicity’‘assumed not to depend 


L 





i E tee ak oni the forager’s energy reserves. There », 
A - | is evidence from the pigeon Columbia 
‘with body , ‘size m throughput times. | /:via’ and the: great' tit Parus major* that 
déecrease'. This means that larger animals |. birds become less selective in food-choice 
are normally able to survive longer before tests as energy reserves fall. Recent work 
‘they even start to call on stored reserves. | makes a start towards incorporating food. 
_ These differences i in energy needs:and. |. deprivation as a variable in optimal forag-, 
available | -Tesources dictate’ different | ing models*’ . The authors treat’ various 
optimal responses to what Iikka Hanskı | cases in which animals encounter two 
haŝ'termed an energy crisis. For example, | types of prey with different energetic 
if a shrew ts deprived of food, shouldit rest | values and, handling times One model ~. 
until the crisis is‘over, or should itexpend | considers a continuous forager, like 
energy searching’ for scarce’ resotirces?”| Hanski’s small ‘shrews; a-second, more 
The answef depends critically; on both | realistic, model adds ‘short but unpredict-.’ 
» body size and the usual period that a shrew | able periods of food shortage’ to_the first; ' 
might ‘be deprived of food ,1n the wild., “ånd a -third considers a peues in which 
4107 wo l É i : : 
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Large shrews become less active whereas small shrews become more active when deprived of. 
food The results of this experiment by Hanski were predicted by the different ways metabolic _ 
needs and, resourcé availa relate to body size (from-ref. 3). i 
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foraging stops predictably each evening. 
like a passerine bird feeding in winter. In 
accord with the available data. the models 
predict that animals should sometimes be 
less selective in their diet than the classical 
theory predicts Furthermore, again 
agreeing with the data, the models show 
that optimal foraging strategies are ex- 
pected to depend on current energy re- 
serves, apart from the rather unrealistic 
case of a continuous forager encountering 
prey according to a Poisson process’. 

In essence, these new models add risk- 
sensitivity to foraging theory. and they 
draw attention to the need for a foraging 
animal to be prepared for periods of 
food shortage. This may sometimes be 
achieved by adopting a feeding strategy 
that gives a lower average food intake be- 
cause it 1s associated with a lower variance 
in reward rate. A high variance in reward 
rate often should be avoided because 
available food reserves might not be suffi- 
cient for a period of food deprivation. One 
series of experiments provided common 
shrews with separate feeding stations that 
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had the same average reward rates. but 
with.different variances. Just as predicted, 
the animals preferred to visit the less varı- 
able station”. 

Once again a combination of theor- 
etical, experimental and comparative 
approaches has provided useful and com- 
plementary insights into behavioural 
strategies. g 
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Magnetic interactions in 
quasi-two-dimensional systems 


from J. J. Quinn 


INTEREST in the problem of diamagnetic 


. interactions among conduction electrons 


in solids has been revived by a recent 
observation of strong magnetic interact- 
ions in a stage-2 Br, graphite intercalation 
compound’, In this material a layer of Bris 
sandwiched between every second pair of 
carbon layers. The magnitude of the inter- 
actions is sufficietitly large, and the struct- 
ure in the line-shapes sufficiently sharp, 
that the possibility of studying domain 
wall dynamics seems promising. The 
strength of the magnetic interactions in 
this material 1s undoubtedly a result of the 
almost two-dimensional nature of the 
constant energy surface in wave-vector 
space, which causes an entire Landau 
level to pass through the Fermi surface at 
the same value of the applied magnetic 
field. Although this leads to a very, large 
number of electrons contributing to the 
oscillations, the result is still somewhat 
surprising because the highly oriented 
pyrolitic graphite sample is not a high 
quality single crystal. 

Magnetic interactions of this type were 
first recorded by Shoenberg’ in studies of 
the de Haas—van Alphen effect in silver. 
He observed a surprisingly large harmonic 
content in the oscillations of the magnet- 
ization versus magnetic field in a region of 
temperature in which the simple equation 
M = M,,(4) = M,sin(2xf/H) should 
have been valid. Here H 1s the magnetic 
field strength, M, 1s the maximum ampli- 
tude of an oscillation and fis the frequen- 


cy. (For a two-dimensional electron gas 
f = (hele)n, /2, the ratio of a quantum of 
flux (he/e) to twice the area per electron 
n`.) Shoenberg conjectured that this 
simple equation, appropriate for a system 
of non-interacting electrons (hence the 
subscript NI), should be modified to 
account for the magnetization produced 
by the motion of the other electrons. 
The mean field expression for the 
magnetization of the interacting system 
(subscript I) is M = M(H) = M,,(B), 
where B = H+ 4xM. Although H is 
typically ten thousand times larger than 
M, the frequency fcan be sufficiently large 
(25,000 tesla in silver) that the small 
difference between B and H can 
completely change the phase of the sine 
function However, beryllium and the 
noble metals were the only materials that 
displayed strong magnetic interaction 
effects at reasonable magnetic fields and 
temperatures, and the flurry of post- 
Shoenberg activity, both experimental 
and theoretical, slowed almost to a halt 
more than a decade ago. The recent 
observation of strong magnetic interac- 
tion effects in a quasi-two-dimensional 
material has caused renewed interest. 

In the equation M = M,,(H + 41M), 
M ıs a multiple-valued function of H when 
8n°M, fI >1. This can be seen in the 
figure where H = B’— 4x M (B) is plot- 
ted as a function of B. For the part of the 
curve lying between points 3 and 5, 8B/9H 
is negative which is thermodynamically 


„a competition between 
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unstable. If, however, we change M by 
varying the current in the coils of our 
magnet, the system never arrives at point 
3 As the value of H is increased, the 
magnetization makes an abrupt change 
from the value at 2 to that at 6. 

This behaviour can be understood by 
noting that the path of lowest free energy 
is [-2-6-—7. The behaviour described 
above is based on the implicit assumption 
that the sample is a long thin rod oriented 
parallel to the applied field (then, the 
magnetic field strength inside the solid 1s 
equal to H,, the extended magnetic field 
produced by the magnet). For the case of 
a flat disc, Condon’ suggested that when 
the system arrived at pomt 2 a slight 
increase in the magnetic induction would 
lead to the formation of a domain of 
magnetization corresponding to point 6. 
In other words, the region B.<B<B, 
would be a two-phase region in which H 
would be constant. One region would 
have magnetization M., the other M, the 
two stable values of the magnetization at 
that value of H. As B ts increased, the 
amount of phase M, increases at the 
expense of phase M,. The argument ts 
analogous to the solution, using Maxwell’s 
construction, of the instability (@V/OP>0) 





A schematic of H. the magnetic field strength 
in the sample, as a function of B=H+4nM. 
the magnetic induction, in the region where 
M 1s a multiple-valued function of H The 
sequence |~2-3~4—-5-6-—7 traces out one 
cycle of the de Haas-van Alphen oscila- 
tion. Between points 3 and 5. 8B/8H<0 
indicating a thermodynamic instability. 
in the Van der Waals equation for a gas- 
liquid transition In both cases the 
instability is due to the implicit 
assumption of the existence of one 
homogeneous phase, and the solution 1s 
the recogmition that several coexisting 
phases can have lower free energy The 
region separating the two stable phases is 
a domain wall. The positive domain wall 
energy and domain wall thickness can be 
calculated’ in terms of the differential 
magnetic susceptibility and the cyclotron 
radius. The number and size of the 
domains at a given value of B results from 
the energy 
increase required to make an additional 
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domain wall and the decrease in 
‘emergence energy’ resulting from the 
smaller magnetic energy density in a 
sample with a greater number of domains 

As the external magnetic field H ıs 
varied in the domain state, the average 
magnetization within thé sample changes 
by the motion of domain walls A small 
a.c magnetic field should produce an 
oscillatory motion of the domain wall The 
measurements, performed using a field 
modulation technique, show sharp struc- 
ture. The possibility of probing the dyna- 
mics of the domain wall motion, through 
such measurements, is the most exciting 
aspect of the recent work. 

A few additional points are worth 
mentioning. In stage-2 Br, graphite inter- 
calation compounds, the frequency fisina 
particularly favourable range’ of about 
200 tesla. Values of f in'the range 20) to 
200 tesla are readily achievable in some 
semiconducting superlattices. These artı- 
ficially structured materials, like GaAs - 
GaAlAs or InAs - GaSb, are of great 
current interest The fact that magnetic 
interactions should pin the.Fermi level be- 
tween Landau levels in a quasi-two- 
dimensional system has already been 
pointed out by Vagner et al * This should 
lead to quantum Hall effect behaviour of 
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the magnetoresistance. 

Once the mean field approximation 
M(r)=M.(H+4xM(r)) ıs used, it ts not 
necessary for M to be spatially constant 
Just because His In fact, the domain state 
is asimple manifestation of this It corres- 
ponds to an instability in the wave-vector 
dependent" differential susceptibility y, 
at q=o. In some systems the instability 
occurs for a finite value of q, 1n which case 
a magnetization density wave results. 
Artifically structured semiconductor 
superlattices of many different types can 
be envisioned. As molecular beam epitaxy 
of these materials continues to develop, 
one can hope to fabricate other quasi- 
two-dimensional structures with large 
magnetic interaction effects and thus 
create a variety of new magnetic states. C] 
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Growth factors short-circuited 


from Kathleen Kelly 


Tue fundamental role of growth factors in 
controlling the normal proliferation of 
cells is well established. Some oncogenes 
may short-circuit the regulatory action of 
growth factors by encoding for products 
that resemble either growth factors or 
their receptors. Cell cultures that nor- 
mally depend on external sources of 
growth factor to maintain proliferation 
may lose this requirement if they are in- 
fected by a retrovirus carrying an 
oncogene. The paper by Rapp ef al.' on 
page 434 of this issue and two recent artı- 
cles in Cell ** provide further evidence for 
the mechanisms that may be involved 
Rapp and colleagues show that two ım- 
mortalized murine haematopoietic cell lines 
infected with retroviruses carrying the 
avian v-myc oncogene are transformed to 
grow continuously and independently of 
extrinsic growth factors. One is a T-killer 
cell line (CTB6) that, before infection, is 
dependent on interleukin 2 (IL-2) for 
growth, the other a line (FD-P1) that re- 
quires interleukin 3 (IL-3) or, alterna- 
tively, granulocyte-macrophage colony- 
stimulating factor (GM-CSF) Similarly, 
the other two studies’ ‘ show that both FD 
cells and IL-3-dependent mast cells de- 
rived from bone marrow lose their strin- 
gent requirement for growth factor fol- 
lowing infection by Abelson murine 
leukaemia virus The v-ab/ oncogene of 


that virus encodes a membrane-associated 
molecule and belongs to a family of 
oncogenes encoding tyrosine kinases. 

What ts the mechanism by which these 
transforming retroviruses relieve the re- 
quirement for exogenous growth factors? 
Previous examples demonstrating the in- 
duction of secreted growth factors by 
transforming-retrovirus infection might 
suggest an autocrine stimulatory mech- 
anism**, in which the cells are enabled 
to produce growth factor that stimulates 
their own receptors., Interestingly, 
these v-ab/ transformed haematopoietic 
cells did not appear to be synthesizing 
or secreting the relevant growth factors, 
and changes in their receptors for IL-3 and 
GM-CSF were not detected by radio- 
ligand binding, indicating there 1s neither 
an obvious blockade of receptors nor un- 
usual increase ın receptor numbers. CTB6 
and FD-P1 cells expressing v-myc secrete 
growth factors that can be detected by 
bioassay of conditioned media 

How then do v-ab/ and v-myc act in 
these haematopoietic cells to overcome 
the normal interaction between growth 
factor and receptor required for growth? 
The answer ıs unknown. but the following 
points deserve consideration. Because a 
number of growth factors stimulate a 
tyrosine kinase activity in their receptors, 
one might predict that the chain of events 
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following JL-3 or GM-CSF receptor bind- 
ing also includes the activation of a 
membrane-associated tyrosine kinase 
This activation might either be direct. 
should the tyrosine kinasé form part of the 
receptor molecule or a receptor complex. 
or indirect through intervening steps. The 
role of such a kinase may then be super- 
ceded in a deregulated manner by the v- 
abl product In fact. v-ab/ may itself be a 
homologue of a growth-factor receptor 
gene, arialogous to v-erb B and v-fms 
Structure-fuction information about IL-3 
and GM-CSF receptors 1s now needed to 
assess this possibility 

The action of v-myc in abrogating the 
dependence on growth factor presumably 
occurs in the nucleus at a site separated 
from the growth-factor receptors Be- 
cause the cellular myc gene, c-myc, 1s 1n- 
duced by growth agents, ıt has been sug- 
gested that ıt is an intracellular mediator 
of mitogenesis. [mmortalized murine or 
rat fibroblasts transfected with c-myc or 
v-myc are not, however, made completely 
independent of growth factor*’ Conse- 
quently, ıt séems that myc sequences, at 
least ın fibroblasts, must work in concert 
with other intracellular mediators to 
stimulate continuous proliferation in the 
absence of exogenous growth factors 
Possibly CTB6 and FD-P1 cells have quite 
different growth regulation requirements 
from fibroblasts But v-myc expression ın 
FD-P1 and CTB6 cells is very high, over 
100-fold greater than normally expressed 
c-myc, whereas the transfected fibroblasts 
have considerably lower myc RNA levels; 
this may account for the difference. It 1s 
interesting that the cells infected with 
myc-carrying viruses do not express c- 
myc, whether growth factors are present 
or not, suggesting that c-myc is negatively 
regulated when v-myc expression is 
excessively high. 

By using defined cell types whose 
growth requirements are known, the three 
articles discussed here have begun to 
address elegantly the mechanisms by 
which abi and myc-carrying viruses trans- 
form cells. The entire process of in vivo 
tumour induction cannot, however, be ex- 
trapolated from ın vitro systems, because 
the adaption of cells to culture probably 
involves genetic changes In fact, due to 
the low frequency with which retroviruses 
infect these haematopoietic cells, it is not 
clear what percentage of virally infected 
cells in thé studies have become growth 
factor independent. Even so, understand- 
ing the complex issue of retroviral trans- 
formation has come one step closer ‘ai 
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Interaction of Steroid 


Hormone Receptors 


with DNA 


edited by M. Sluyser 

Ellis Horwood Health Science Series 
1985. Approximately 200 pages. 
Hardcover. DM 115.-/US $ 46.50. 
ISBN 3-527-26221-0 


In this book, leading authors in the 
field review their work and for the 
first time present a coherent picture 
of the regulation of growth and dif- 
ferentiation of living tissues by ste- 


roid hormones. 
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Monitoring Neuro- 
transmitter Release 
During Behaviour 


edited by M. H. Joseph, M. Fillenz, 
J. A. Macdonald and C. A. Marsden 
Ellis Horwood Health Science Series 
1985. Approximately 260 pages. 
Hardcover. DM 130.-/US $ 57.00. 
ISBN 3-527-26222-9 


This book reviews the methodology 
for measuring central and peripheral 
transmitter release in conscious, un- 
restrained subjects 


The Blood Brain 
Barrier in Health and 
Disease 


by M. W. B. Bradbury 

Ellis Horwood Health Science Seres 
1985. In preparation. Hardcover. 
DM 98.-/US $ 45.00. 

ISBN 3-527-26343-8 
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Cholecystokinin (CCK) in the 
Nervous System 


Current Developments in Neuropeptide Research 
edited by J. de Belleroche and G. J. Dockray 

Ellis Horwood Health Science Series 

1984 132 pages. Hardcover DM 76.-/US $ 33 80. 
ISBN 3-527-26223-7 


This book reviews current research on cholecystokinin 
(CCK), which is one of the most abundant peptides in the 
mammalian brain CCK plays a role in producing the sensa- 
tion of satiety and modulates locomotor activity. It serves 
here to illustrate approaches that are applicable to neuro- 
peptides in general, including methods for peptide separation 
and for the study of biosynthesis and posttranslational pro- 
cessing. The mechanisms of action in terms of single-chan- 
nel events, the distribution of CCK in central neuronal path- 
ways, its physiological function and its importance in neuro- 
logical disorders are also discussed. The articles presented 
give a comprehensive view of CCK’s proven and assumed 
activities in the nervous system. 


Biological Oxidation of Nitrogen 
in Organic Molecules 


edited by J. W. Gorrod and L. A. Damani 
Ellis Horwood Health Science Series 

1985. Approximately 300 pages. Hardcover. - 
DM 150-/US $ 58.00 ISBN 3-527-26299-7 


This book summarizes the results of recent research in the 
field. It starts with three chapters about the analysis and the 
chemical behavior of N-oxygenated compounds. Then the 
metabolic mechanisms of N-oxidation are considered In de- 
tail. Here each of the nearly 40 chapters presents a case 
study that is of particular biological, pharmacological or 
toxicological interest. In conclusion, cytotoxic actions of, 
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Important New Titles In 


(AÐ Molecular Biology 


From Academic Press 


THE MOLECULAR BIOLOGY OF THE BACILLI / Volume Ti | ~ 
Edited. by DAVID A. DUBNAU me 


FROM THE PREFACE: Volume Il of THE MOLECULAR BIOLOGY OF THE BACILLI combines, as does Volne |, material of interest 
to molecular biologists concerned with acquiring basic knowledge and to Mmvesngalors attempting to develop. the bacillus system 
for industrial applications. 





In this volume we have stressed those areas of bacillus research that hove recently received attention either because they are 
unique to bacilli (Chapters 1, 4, 5, 8) or because they. peen interesting comparisons with other bacteria, prumany Escherichia 
coli (Chapters 2, 3, 6). 


Of interest to academic'and industrial-microbiologists, molecular: biologists, and biotechnology companies, this volumer covers 
subjects such as Translational Specificity in Bacillus subtilis, Chemotaxis in Bacillus subtilis, Protoplast Fusion in Bacillus and its 
Consequences, and Secretion Proteins by Bacilli. 


1985, 272 pp., $49.00 / £49.00 / ISBN: 0-12- 222702-6 
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CELL SEPARATION 

Methods and Selected Applications / Volume 3 | 

Edited by THOMAS G: PRETLOW I and THERESA P. PRETLOW. 

FROM THE PREFACE: The rapid growth in this area led us to plan this multivolume, multiauthored treatise ` 


In approaching this work, ıt was our goal fo select critical authors with considerable personal familiarity with the design and/or 
application of méthods for the separation of cells Rather than attempt,comprehensive reviews, they were asked to address 
relatively finite subjects and to include sufficient referencés to direct those readers who want more information to the - 
appropriate sources. We have attempted to address this work to a heterogeneous audience of experimental oncologists, 
hematologists, immunologists, cell biologists, Sp CecHnBIe gists, and others who are not already expert in the use of methods for 
cell separation. 


Contents include: Separation of Malignant Lymphoid Cells by Countercurrent Distribution, Use of Lectins for Separation of Cells, 
Enzymatic Disaggregation of Human Bronchogenic Carcinomas followed by Velocity, Sedimentation of Cells, and Macrophage 
.Electrophoretic Migration (MEM) Test with Some Illustrative ‘and Heurtstic mPpUEAHON: 


1984, 336 pp., $47.50 / £41.50 / ISBN: 0-12- 564503- l; o 


CELL SEPARATION 
Methods and Selected Applications / Volume 2 
Edited by THOMAS G. PRETLOW It and THERESA P. PRETLOW 


This treatise presents current methods for obtaining highly purified, viable cells. Several fechniades for separating a bread 
range of cells are covered. Included are cells from cancers, the gastrointestinal tract, Pulls tissue, the pinay, and marrow: ` 
Special emphasis is placed on the practical details of cell separation. 


1983, 352 pp., $43.00 / £37.50 / ISBN: 0-12-564502-3 | 
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Methods and Selected Applications / Volume 1 
Edited by THOMAS G. PRETLOW II and THERESA P. PRETLOW 
1982, 353 pp., $37.50 / £36.50 / ISBN: 0-12-564501-5 i 4 





_. Forthcoming in January 1986 
From the METHODS IN ENZYMOLOGY Series 


Volume 118 / PLANT MOLECULAR BIOLOGY 
Edited by ARTHUR WEISSBACH and HERBERT WEISSBACH `` 


Tentative section headings are: Cell Wall and Membrane, Nucleus, Cytoplasmic Protein Synthesis, The Chloroplast, 
Mitochondria, Nitrogen Metabolism, Cell Culture and Transformation, Gene Transfer, and Virology. . 
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The seeds of agriculture 


Robert Chapman 





The Neolithic Transition and the Genetics of Populations in Europe. 

By Albert J. Ammerman and L.L. Cavalli-Sforza. 

Princeton University Press: 1985. Pp.176. $25, £18. 

Neolithic Europe: A Survey. By Alasdair Whittle. 

Cambridge University Press: 1985. Pp.363. Hbk £27.50, $44.50, pbk £9.95, $17.95. 
Prehistoric Farming in Europe. By Graeme Barker. 

Cambridge University Press: 1985. Pp.327. Hbk £27.50, $44.50; pbk £9.95, $14.95. 


THE advent and adoption of agriculture 
have been viewed consistently as marking 
a theshold in human evolution. Since the 
middle of the nineteenth century, 
archaeologists and anthropologists have 
considered agriculture as providing the 
essential foundation for the emergence of 
social differentiation and specialization, 
cultural complexity and urbanism. After 
the adoption of agriculture, hunters and 
gatherers rapidly gave way to more com- 
plex, sedentary societies, which in areas 
such as the Near East and Mesoamerica 
developed into the world’s first states. 
Attempts to explain agricultural origins 
have been environmental and cultural, 
monocausal and multicausal, testable and 
untestable. Faunal, floral and cultural 
evidence has been collected at increasing 
rates, either to support or refute these 
explanations. 

In Europe the study of the origins of 
agricultural societies, and their subse- 
quent development, has benefited from 
over a century of data collection and 
analysis. According to the diffusionist 
model, the spread of plant and animal 
domestication, as well as technological 
and social changes, could be traced 
through a process of diffusion from the 
Near East. Radiocarbon dating has led 
archaeologists to reject diffusion for the 
later technological and social changes of 
the Neolithic and Bronze Ages, but a Near 
Eastern origin for agriculture has re- 
mained a preferred interpretation. Is this 
justified? What processes of innovation 
and adoption took place in Europe? How 
can we explain the cultural evolution wit- 
nessed in the European Neolithic? These 
are some of the important questions 
addressed in recent archaeological re- 
search, as seen for example in publications 
by Colin Renfrew (among them Problems 
in European Prehistory, Edinburgh Uni- 
versity Press, 1979) and Robin Dennell 
(European Economic Prehistory; 
Academic Press , 1983). 

The diffusion model for European 
agriculture, from c.6000 to c.3500 Bc, is 
adopted by Ammerman and Cavalli- 
Sforza in their highly original and thought- 
provoking book. Analysis of the earliest 
dates for cereals from archaeological sites 
across Europe suggested to them that 
there has been a constant rate of spread, 
from south-east to north-west, averaging 


out at 1km per year. In addition there was 
regional variation, with areas such as cen- 
tral Europe and the west Mediterranean 
showing faster than average rates. The 
model used to account for these observa- 
tions is one of demic diffusion (that is a 
physical expansion of population, rather 
than a diffusion of culture and economy 
through essentially stable, immobile 
populations), and the specific form taken 
by this process is referred to as a “wave of 
advance” model. This 1s derived from 
genetics and is delightfully simple: given 
the assumptions of logistic population 
growth and small-scale local population 
movement (for example through mar- 
riage), the model predicts a wave of popu- 
lation expansion from initial centres at a 
constant rate in all directions. As the au- 
thors claim, the model suggests “how local 
processes such as population growth can 
produce what in some respects is a form of 
colonization without colonists”. The ini- 
tial test of the model, with a number of 
specified growth and migration rates, pro- 
duces a wave of advance closely compara- 
bie to that observed from the archaeolo- 
gical data. 

In addition the authors argue that demic 
diffusion would have had implications for 
the distribution of gene types within 
Europe, the movement .of population 
from south-east to north-west (and inter- 
breeding with local hunter-gatherer 
populations) producing a cline of genetic 
similarity. In the absence of information 
on prehistoric gene frequencies, the au- 
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thors analyse modern gene systems and, 
surprisingly, reproduce a pattern compa- 
rable to that predicted. The implication 
that “major patterns detected in synthetic 
gene maps probably have meaningful his- 
tories behind them” is of great importance 
and suggests a fruitful area for future 
cooperative research by archaeologists 
and geneticists. 

Overall Ammerman and Cavalli-Sforza 
have presented one of the strongest and 
clearest arguments for the demic diffusion 
model for European agricultural origins. 
But can we accept it? The evidence col- 
lected in recent years for intensification 
towards agriculture ın the later Mesolithic 
is little discussed, nor indeed is the context 
of adoption as opposed to innovation in 
subsistence economies. Communities did 
not accept agriculture just because it was 
there. The swidden model (long fallow 
cultivation combined with frequent settle- 
ment relocation) for agricultural dispersal 
has been severely criticized in recent years 
and the implifications of the alternative 
model of fixed plot cultivation are not con- 
sidered. Further the cultural evidence for 
continuity in the west Mediterranean is 
directly contrary to a demic diffusion 
model. 

All of these objections are contained in 
Alasdair Whittle’s “wide-ranging inter- 
pretative introduction” to Neolithic 
Europe, though he does not cite any 
papers by Ammerman and Cavalli-Sforza. 
Whereas the latter concentrate on the 
detailed application of one model to 
agricultural innovation and colonization, 
Whittle has written a detailed and com- 
mendable synthesis of colonization and 
cultural change from c.8000 to c.2000 sc, 
from late hunters and gatherers to metal- 
using, hierarchical societies. There is 
much useful detail on the basic archaeolo- 
gical record of different areas and periods, 
and this will be plumbed with profit by 
students. In contrast to Ammerman and 
Cavalli-Sforza, Whittle believes that, in 
order to explain cultural change in the 
past, we must focus on the determining 
role of the society in accepting or rejecting 
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From Prehistoric Farming in Europe 


innovations, as well as in provoking orga- 
nizational changes. There is much refer- 
ence to “social tensions” and “contradic- 
tions”, to societies as composed of con- 
scious actors rather than “passive reci- 
pients”. What is seen as demographic or 
environmental determinism is rejected. 
The roots of this approach he in structural- 
Marxism. 

Although I find much to admire in 
Whittle’s book, and recommend it to be 
read and consulted, I have three main 
objections to his approach. First there is 
no allowance for the unintentional con- 
sequences of human actions, surely a 
necessary component of any theory of hu- 
man evolution. Secondly there is no rec- 
ognition of the different time-scales over 
which cultural changes take place: 
changes which are apparent over several 
hundred years of the archaeological 
record may have been imperceptible to 
individuals. This gives rise to questions of 
proximate as opposed to ultimate causal- 
ity. Lastly there ıs the archaeological re- 
cord itself, and what we make of it. There 
are continual references to the difficulties 
posed by drawing social inferences from 
settlement or burial data, to the possibili- 
ties of social differences being “masked” 
by communal ideologies. But unless we 
have the methods to identify social varı- 
ables, surely the theoretical approach 
exemplified in this book will struggle to 
get off the ground? 

A rather different approach, and one 
with which Whittle would presumably dis- 
agree, is presented in Graeme Barker's 
book, the first synthesis of information on 
prehistoric farming in Europe since 
Grahame Clark’s Prehistoric Europe — 
The Economic Basis (Methuen, 1952). 
The amount of new data (on settlements, 
fauna and flora, and on prehistoric 
environments) collected since that date 
is truly astonishing. This alone marks 
out Prehistoric Farming in Europe as a 
book which will join Whittle’s on all 
students’ reading lists. 

Barker's approach to this evidence is to 
try and isolate locally varying economies, 
even within single regions. No longer is 
prehistoric Europe peopled by a senes of 
cultures, each with their own distinctive 
economies. Subsistence economies are 
viewed as local adaptations, with the 
model of agricultural colonization (as 
supported by Ammerman and Cavalli- 
Sforza) being rejected firmly for every 
area of Europe in turn. But why do 
subsistence economies change? Barker 
follows D.B. Grigg (The Dynamics of 
Agricultural Change, Hutchinson, 1982) 
in proposing four major stimuli: climatic 
and environmental change, technological 
change, population increase and social 
Organization. While Whittle would 
champion the last of these, Barker argues 
for a combination of environmental and 
demographic stimuli. It would be unfair to 
stigmatize these different views as social 
versus environmental determinism The 
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fact that radically opposed interpretations 
are proposed for the same data is very 
revealing of the current state of 
archacology. 

There are important lessons to be learnt 
from all three of these books. Even in an 
area as long researched as Europe, there is 
still anced for rigorous model-building (as 
in Ammerman and Cavalli-Sforza’s work) 
and scholarly, provocative synthesis (as 
provided by Whittle and Barker). There is 
still much to be learnt about agricultural 
origins and the evolution of agricultural 
societies in Europe. Opposing theories 
are welcome, as long as they are relevant 
to the scale and character of the 
archaeological record. Ultimately it is our 
ability to interpret archacological data in 
terms of variables relevant to our theories 
that will ensure progress in our knowledge 
of the past. o 
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Bird organization 


John Andrews 


A Dictionary of Birds. Edited by Bruce 
Campbell and Elizabeth Lack. Poyser/ 
Buteo: 1985. Pp.670. £39, $75. 

The Encyclopaedia of Birds. Edited by 
Christopher M. Perrins and Alex L.A. 
Middleton. George Allen & UnwinlFacts 
on File: 1985. Pp.445. £25, $35. 


ELEVEN years ago I obtained, by slightly 
dishonourable means, a copy of Lands- 
borough Thomson's A New Dictionary of 
Birds, then a decade old and out of print. 
Soon, my conscience stopped pricking 
me: the book was too useful to sustain a 
sense of guilt at its mode of acquisition. 
Time passed. The text became dated and I 
cannot recall when I last referred to it. 

The publication of A Dictionary of 
Birds is thus doubly welcome, being a 
legitimate acquisition which updates and 
expands the carlicr work. Running to over 
a million words, contributed by some 280 
ornithologists and other specialists, it in- 
corporates a wealth of new fact and inter- 
pretation. Like its predecessor, it com- 
prises articles on general subjects relating 
to birds, and on different kinds of birds 
treated by families, all of which are co- 
vered. There are also short entries defin- 
ing special terms. The whole work is 
arranged alphabetically. 

The English names of birds chosen as 
entry headings are those used in Britain 
but North American names and others 
used in the English-speaking world have 
been included as far as possible. Scientific 
names of groups above generic level are 
also listed, cross-referring to the vernacu- 


lar. 
Overall, the text is splendidly compre- 
hensive and comprehensible. Though cer- 


NATURE VOL 317 3 OCTOBER 1983 


tainly a serious reference work it does not 
omit offbeat aspects — for instance birds 
in art, birds in music and heraldic birds all 
get extensive consideration along the way 
from abdomen to zygomatic arch. My only 
serious criticism concerns the illustra- 
tions. The black-and-white photographs 
are helpful and informative, but the line 
drawings, many of which are “bird-on-a- 
stick” pictures, are disappointing and fail 
to complement the text. 

By contrast, the illustrations in The En- 
cyclopaedia of Birds are one of its major 
strengths. Most of them are colour photo- 
graphs, all of good quality and often of 
real beauty: there 1s a pleasing dearth of 
nest shots and instead many depict infre- 
quently seen aspects of behaviour or 
physical skills. Supplementing these are 
colour paintings and line drawings by 
several acknowledged bird illustrators, 
extending the range of species covered 
and the activities portrayed. 

The aim of this book is to provide 2 
succinct, up-to-date account of the world's 
birds. The text, like that of the Dictionary, 
consists of a series of articles by specialist 
contributors — 90 in this case — dealing 
with a single family or group of closely 
related families, the whole arranged in 
systematic order, and each article cover- 
ing special physical adaptations, distribu- 
tion, evolutionary history, classification, 
breeding, diet and feeding behaviour, 
social dynamics and spatial organization, 
conservation and relations with man. An 
“information panel” — not as gimmicky as 
it sounds — precedes the text on each 
family, giving a map of ts world distribu- 
tion and other basic information, and list- 
ing all its members. A general introduc- 
tion discusses classification and the struc- 
ture and adaptations of birds, and there 1s 
a well chosen bibliography and an index to 
species. 

Much of the material is here receiving 
its first airing in the popular literature: it 
will be interesting to watch its progression 
into other, less original works, in the pro- 
cess gradually losing precision or, to judge 
by some past examples, even comprehen- 
sibility. Perhaps surpnsingly, most of the 
expert contributors write well, or were 
very ably edited, for which Drs Perrins 
and Middleton should take much credit. 
Likewise the publisher's production team 
should share in the congratulations: it is 
easy to dismiss glossy and abundantly 
illustrated books as lightweight, but this 
volume represents a successful union of 
science and art and has plenty to offer 
both the armchair birdlover and the se- 
rious ornithologist. 

Comparisons are odious and both 
books have a great deal to offer. But, if 
forced to choose, I would regard 
the Encyclopaedia as desirable and the 
Dictionary as necessary. o 


John Andrews ıs Head parlet, ON Plan- 
ning at the pore soe? jor the Protection of 
Birds, Sandy, Bedfordshire SG19 2DL, UK 
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Cases of pollution 
through time 


Peter D. Moore 


Historical Monitoring. MARC Report No. 
31. Monitoring and Assessment Research 
Centre, The Octagon Building, 459A 
Fulham Road, London SW10 0QOX, UK: 
1985 Pp.323. Pbk £20, 330. 


SINCE the development of the concept of 
Uniformitarianism in the eighteenth cen- 
tury it has been the common practice of 
stratigraphic geologists and palaeontolog- 
ists to use the present as a key to the past. 
Only ın relatively recent times has it been 
recognized that many modern environ- 
mental problems can better be understood 
if their historical perspective is adequately 
appreciated. So it is that the techniques of 
biology, physics and chemistry are now 
being applied extensively to the study of 
the temporal development of many of our 
current ecological cnses, from heavy 
metal pollution to acid rain and the 
greenhouse effect. 

This report from the Monitoring and 
Assessment Research Centre of Chelsea 
College, London, is a review of the many 
areas in which such studies have been 
made and an assessment of the relative 
values of the various approaches. It is not 
a practical manual with detailed recipes 
of methods, but it provides a thorough 
bibliography through which the full 
information on such methods can easily be 
located. 

The introduction of a time dimension 
into pollution studies demands that mate- 
rials are available for analysis which have 
developed or accumulated in chronologic- 
al sequence. Five main forms of evidence 
are described here — marine and lake 
sediments, ice masses, peats, tree rings, 
and animal and plant remains — mainly as 
found in museums, but also including 
archaeological remains, paruculatly hu- 
man tissues. Each 1s discussed and case 
studies are described to illustrate their re- 
spective potential as sources of historical 
information. 

The text is assembled in an orderly, yet 
lively and critical manner so that the read- 
er is constantly reminded of the complica- 
tions inherent in the interpretation of data 
from any of these materials. Does the con- 
centration of a particular pollutant, for 
example, reflect the ambient level at the 
time of its formation? Can one separate 
the natural background noise of an ele- 
ment from long-term trends produced by 
human influence on global cycles? Often 
the answer is negative. Take sulphur in the 
Antarctic ice cores: here there is a con- 
siderable input from marine sulphur 
sources, such as vents, and high variability 
is also introduced by terrestrial volcanic 
eruption. In combination, these problems 
make it impossible to detect long-term 
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trends in anthropogenic atmospheric 
sulphur in ice cores. 

THe use of peat cores for documenting 
fallout of heavy metals, such as lead, has 
been dogged by problems of metal move- 
ment within the profile. Living plants may 
transport the element down through their 
roots, and so upset its stratification, or the 
metal may be washed through loosely 
compacted surface layers and then accumu- 
late at the water table. Nevertheless, lead 
profiles in peats do seem to correlate well 
with the evidence from historical records 

The bones of our ancestors may also 
indicate former pollution levels, but are 
some elements preferentially absorbed 
from or lost to the soil after burial? Could 
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the fact that Peruvian bones of 1300 ap 
have only one-tenth of the lead levels of 
modern human bones be due to such post - 
interment processes? Because most other 
metal contents have remained the same, 
this seems unlikely. 

This report 1s a concentrated collation 
ot material which both conveys the results 
of current research and provides the read- 
er with sufficiently critical opinions for the 
appraisal of its reliability. It is an ideal 
source to which the advanced undergradu- 
ate and postgraduate student can refer as 


well as the research worker. CI 


Peter D Mooie ts Reader in the Department of 
Biology, King’s College London (KQC), 68 
Halfmoon Lane, London SE24 9JF, UK 





Modified responses 
Ruth Arnon 


Immune Modulation Agents and Their 
Mechanisms. Edited by Richard L. 
Fenichel and Michael A. Chirigos. 
Dekker:1985. Pp 678. $99.50 (North 
America), $119.25, SwFr.275 (elsewhere). 


IMMUNOMODULATION is a relatively new 
term which is used to describe two diffe- 
rent phenomena — the potentiation and 
the suppression of the immune response. 
The past decade has witnessed the discov- 
ery of an ever-increasing number of natu- 
ral and synthetic compounds which have 
interesting 1immunostimulant properties, 
while, at the same time, progress ın basic 
cellular immunology is revealing numer- 
ous and diverse regulatory materials pro- 
duced by the immune system itself. None 
of these latter products are antigen- 
specific, but they do have the advantage of 
acting physiologically and are usually of 
relatively low toxicity. Several immuno- 
modulation agents, such as prostaglandin, 
cyclosporin A and thymic factors, have 
already found clinical application, but we 
still have only a limited understanding of 
their mode of action. 

Immune Modulation Agents and Their 
Mechanisms, a recent addition to Dek- 
ker’s Immunology series, attempts to fill 
in the gap in the literature on this impor- 
tant group of products. The book contains 
an impressive list of biological response 
modifiers, description of their properties, 
a review of the relevant literature and a 
summary of the clinical trials performed 
with them. Its advantage, mainly for clini- 
cians and immunopharmiacologists, is the 
gathering of all this information under one 
roof, thus supplying the reader with an 
overview of the various immunomodula- 
tors and a basis for comparison between 
them. On the other hand, the, parts deal- 
ing with mechanisms of action are sorme- 
what scanty. True, this may be the only 
mechanistic evidence that is available, but 
the title of the book promises more than 1s 
delivered. 


Several of the contributions are excel- 
lent — Mathé’s account of mmunomodu- 
lating agents 1s concise but informative, 
the two chapters on thymosin and that on 
cyclosporin A are comprehensive, and try 
to explain mode of action as well as to 
supply the reader with all the available 
information; and the chapters on auto- 
immune diseases and on tumour and 
metastatic diseases are also very good. 
Regrettably, however, this high level is 
not uniformly maintained throughout the 
book. 

A few other shortcomings are also 
evident. Each chapter deals separately 
with a different agent, hence there is a 
degree of repetition of general material 
Many of the agents are discussed in two 
separate contributions in Parts I and II of 
the book; this division is not clear cut and 
the result 1s considerable redundancy in 
some parrs of chapters such as | and 29, 3 
and 23, 4 and 19,5 and 22, 8 and 26, and 10 
and 23. Also, the introduction to the book 
as a whole and those to its two constituent 
parts are too short and not very useful. A 
single, all-embracing summary of the field 
would have been preferable. 

On the whole, however, this is a helpful 
book which provides a thorough survey of 
the literature in this burgeoning area of 
research. Clinicians, pharmacologists and 
immunologists will benefit greatly from 
reading it 


Ruth Arnon ıs a Professor tn the Department of 


Chemical Immunology, Weizmann Institute of 
Science, Rehovot 76100, Israel. 


New in paperback 


@ Realism and the Aim of Science, Vol 1 of 
the Postscript to the Logic of Scientific Dis- 
covery, by Karl R. Popper. edited by W W 
Bartley III Publisher is Hutchinson. price 
£11.95. For review see Nature 302, 357 (1983) 
è Superforce The Search fora Grand Unified 
Theory of Nature, by Paul Davies Publishers 
are Touchstone (an imprint of Simon & 
Schuster) and Counterpoint (Unwin Paper- 
backs). prices $8 95. £3.95 For review see 
Nature 312, 787 (1984) 

@ Betrayers of the Truth Fraud and Deceit im 
Science, by William Broad and Nicholas Wade 
Publisher ts Oxford University Press. price 
£3 95 For review see Narre 302, 774 (1983) 


Buzzing around the 
intellect 
R. S. Woolhouse 


Leibniz: A Biography. By E J Aiton. 
Adam Hilger: 1985 Pp 370 £29 50, $55. 


To Ramazzin:, the father of industrial 
medicine, Gottfned Leibniz (1646-1716) 
was unsurpassed in the range of his intel- 
lectual accomplishments; to another con- 
temporary, the philosopher Christian 
Thomasius, he was a living library. But it 
was his close friend, Sophie, Electress of 
Hanover, who best caught his style in 
comparing him to a bee, sucking honey 
everywhere he found it. Besides suggest- 
ing personal charm, the remark indicates 
the unremitting industry and persistence, 
the openness to stimulation from any 
quarter, and the imaginative eye for the 
constructive development of a chance 
idea, which charactenzed the life of this 
universaigente. Like one of his meta- 
physical monads, he was a living mirror of 
the whole world. Active in diplomacy and 
politics, original in philosophy and 
mathematics, technologically inventive, 
he took a constructive interest in whatever 
came his way — be it law, geology, 
chemistry, Chinese writing, economics, 
industrial management, genealogy, public 
health or theology. Quite apart from his 
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purely intellectual and diplomatic activi- 
ties, at one moment he might be at work 
on the construction of a calculating 
machine, chronometer or drainage pump, 
at another composing a poem to com- 
memorate a birth or death, or designing a 
medal as a New Year present 

According to Bertrand Russell, Leibniz 
deliberately preferred a courtly life and 
the company of the socially great to an 
academic career. He has encouraged us to 
think of a man flawed, even held back, by 
somewhat worldly interests. It ıs true that 
Leibniz, having refused a professorship at 
the age of 21, was not long in acquiring the 
first of his distmmguished noble patrons, 
Baron Johann von Boineburg. But it was 
his intellectual plans he thought could not 
come to fruition in a university, not his 
social aspirations. He made plain to his 
future employer, Duke Johann Friedrich 
of Hanover, that what he sought was time 
and financial support for his scientific and 
cultural projects. It is absolutely clear that 
he would have preferred to remain in the 
intellectual hot-house of Paris, with a paid 
appointment from the Academy of Scien- 
ces, than go to Hanover 

Russell has also encouraged the picture 
of Leibniz as a man whose talents were 
wasted and dissipated by being spread too 
thinly. But what emerges from E. J. 
Alton's absorbingly extensive and de- 
tailed biography is not only the scale of 
some of Leibniz’s ideas but also the far- 
reaching practical imagination and per- 
sistence with which he sought to carry 
them out. From early on in his schooldays, 
and throughout much of his life, he work- 
ed on the idea of a universal characteristic. 
The initial conception was of an alphabet 
of human thought, a universal language 
that would speak to the understanding 
rather than to the eye. By its means even 
such subjects such as metaphysics and 
ethics would be amenable to the same sort 
of proof as algebra and geometry. As a 
basis for demonstration and discovery of 
all truth the calculus would presuppose an 
encyclopaedia of all existing knowledge. 
As Leibniz began to see, the compilation 
of such an encyclopaedia, not to say the 
development of the calculus itself, re- 
quired scholarly collaboration on a large 
scale. With this in mind he envisaged an 
Academy to carry it out and sought the 
help of Duke Friedrich, suggesting the use 
of the increased profits from the Harz 
mimes drainage scheme he worked on. 
Nor was this the only scheme with which 
Leibniz persisted Another was a plan for 
the reunification of the Churches, on 
which he worked both by way of political 
and diplomatic lobbying and by way of 
establishing its theoretical theological 
foundations. A third was the vast under- 
taking of the history of the House of 
Brunswick which was commissioned by 
Duke Ernst August of Hanover. 

Even given that he seems to have lived 
only for work, it is astonishing that despite 
all of these endeavours, and despite the 
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diplomatic and administrative duties that 
came his way from his employers, Leibniz 
could have had time for the development 
of the ideas for which he is more famous 
He seems to have had the happy knack of 
making the most of an occasion or of 
putting to good use any spare moment. 
Whether on board a boat waiting for the 
wind to change, or spending the night in 
an inn on some business journey, he 
would compose a mathematical paper or 
write one of his philosophical gems 
Aiton's biography, the first major one 
in English, tells of all Lerbmz's multi- 
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Leibniz — “Active m diplomacy aud politics. 
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technologically mventive 


farious activities Also it very usefully 
explains and summarizes his ideas as ex- 
pressed in his published and unpublished 
papers and correspondence Those want- 
ing a skilfully clear and concise account of 
anything from Leibniz’s development of 
the differential calculus, through his 
attacks on Cartesian physics, to the 
metaphysics of substance and the pre- 
established harmony will find ıt here. 
They will also find much of interest from 
the point of view of intellectual history in 
general: the importance of such as Henry 
Oldenburg, Secretary of the Royal Socie- 
ty, as a clearing-house for ideas; the pub- 
lication of mathematical results by formal 
registration and informal circulation, the 
foundation of scientific societies in the 
seventeenth century, and the increasing 
institutionalization and internationaliza- 
tion of science 

There is, however, not much of an ex- 
plicit account of Leibniz the person Aiton 
gives the facts and describes the ideas per- 
taining to the life of this great man. But he 
does not attempt any comment on or re- 
construction of the personality whose life 
it was. We learn as a fact that Leibniz 
considered marriage on two occasions 
We learn as facts of the evidently close 
friendships he had with the Electress 
Sophie and Queen Sophie Charlotte, and 
of his illness and depression on the death 
of the latter. But as to what should be 
made of them Alton does not attempt to 
say 0O 
R S Woolhouse is Reader in the Department of 


Philosophy, University of York, Heslington, 
York YOI SDD, UK 
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-Human T-lymphotropic retroviruses 


Flossie Wong-Staal & Robert C. Gallo 


Laboratory of Tumor Cell Biology, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205, USA 
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The first human retroviruses have been discovered during the past six years. They cause two diseases 
which involve disturbances of the growth of the T4 lymphocyte, a remarkably specific target cell type. 
This cell, which is central to the regulation of the immune system, is induced by human T-lymphotropic 
virus type I (HTLV-I) to excessive proliferation (leukaemia) and by HTLV-III to premature death 
(acquired immune deficiency syndrome, AIDS}. Both also seem to be indirectly involved in several 
other disorders. The genetic structures of these retroviruses and the mechanisms by which they usurp 


host-cell functions are novel among retroviruses. 


HUMAN retrovirology is a relatively young field, even though 
the search for retroviruses as human pathogens dates back to 
the first association of this class of viruses with animal cancers 
at the beginning of this century (see ref. 1). So far, the only 
well-characterized human retroviruses belong to a single virus 
group possessing tropism for a subset of helper T lymphocytes. 
Because of this unique target cell specificity, these viruses, 
termed human T-lymphotropic viruses (HTLVs), destroy the 
immune system of the infected individual. Depending on the 
particular virus subgroup, this may lead to abnormal prolifera- 
tion of functionally impaired helper T lymphocytes(leukaemia) 
or to depletion of the same target cell population (immunosup- 
pression). This distinction is not entirely clear cut, however, as 
the leukaemia virus (HTLV-I) can also cause immunosup- 
pression and opportunistic infections, and it is possible that the 
immunosuppressive virus (HTLV-II! or lymphadenopathy- 
associated virus, LAV) can cause leukaemia once its cytopathic 


_ property is blocked. Nevertheless, it is now clear that HTLV-I 


and HTLV-II] are the respective aetiological agents of an 
aggressive form of leukaemia, adult T-cell leukaemia (ATL), 
and AIDS. A third member of this family, HTLV-II, has been 
detected only rarely. Although it was first isolated from a patient 
with leukaemia, it has not yet been linked to any human disease, 
HTLV-I and HTLV-II seem to have recently stemmed from a 
common progenitor as there is extensive homology over their 
entire genomes and both have the capacity to transform T 
lymphocytes in vitro. HTLV-III has a genetic structure distinct 
from HTLV-I and HTLV-II and exhibits a profound cytopathic 
effect on cells infected mm vitro. However, some common biologi- 
cal and biochemical properties characterize all three viruses. In 
addition to being exogenous human retroviruses, these include 
a remarkable tropism for the helper T lymphocytes possessing 
the cell-surface antigen OKT4; impairment of T-cell function; 
induction of syncytia (T cells) and formation of multinucleated 
giant cells in culture; a high relative molecular mass reverse 
transcriptase that prefers Mg**; a small (p24/p25) major capsid 
protein, p24 cross-reactive antigenic determinants detected with 
either heterologous (rabbit) antisera or human monoclonal anti- 
bodies, juxtaposition of the p24 to the NH.-terminal gag protein 
(that 1s, absence of the proline-rich phosphoprotein 1n its usual 
position); similar modes of transmission (sexual, congenital and 
blood); a probable African origin, and infection of both man 
and some Old World monkeys. In addition, there are other 
structural and functional similarities of their genomes, some of 
which are unique among known retroviruses, which we describe 
here. 


HTLV-I and ATL 


Before the isolation of the first HTLV, we had developed sensi- 
tive assays for virus detection and in vitro culture systems for 
different types of haematopoietic cells. Following the discovery 
of reverse transcriptase by Temin? and Baltimore®, we could 


optimize detection of low-level activity of this enzyme and 
distinguish it from cellular polymerases*°. In 1976, a growth 
factor specific for mature T cells (T-cell growth factor, TCGF, 
or interleukin-2, IL-2) was discovered in our laboratory®. This 
allowed the selective growth of different T-lymphocyte popula- 
tions in vitro and has substantially changed many areas of T-cell 
research’. However, it was not until 1978 that the first human 
retrovirus was isolated from cultured T-lymphocytes of a patient 
in the United States with a mature T-cell malignancy; the first 
detailed characterization?!" included an isolate from a second 
patient’. This virus, now designated HTLV-I, is the prototype 
for over 100 isolates of the same virus obtained from many parts 
of the world. Next to the discovery of the virus, the most 
important advance was the aetiological link of the virus to a 
disease. This link was not apparent from the early epidemiologi- 
cal studies of the sera from the US patients, as only a few 
samples were positive’”'*. However, advances in purification of 
viral proteins'', preparation ‘of hyperimmune’ and mono- 
cional’ antibodies, as well as nucleic acid probes'*, were soon 
forthcoming. In 1980, we became aware of a syndrome called 
adult T-cell leukaemia (ATL), first described in Japan by Takat- 
suki and colleagues’®, which clusters in certain parts of south- 
western Japan. As the leukaemic cells, like the tumour cells 
from the sporadic HTLV-I-positive cases in the United States, 
are OKT4* lymphocytes, often with distinct morphology (for 
example, abnormally lobulated nuclei), we suspected that 
HTLV-I might be the cause of this disease cluster. We therefore 
examined coded sera provided by Y. Ito, N. Nakao, T. Aoki 
and their colleagues and found almost 100% of the sera samples 
from ATL patients to be positive'’’*, These data were presented 
at a workshop in 1981 where Y. Hinuma also presented immuno- 
fluorescence data on reactivity of sera of ATL patients with 
cell-surface antigens of a cell line established by Miyoshi and 
electron micrographs of this cell line (ref. 19). At the time, the 
‘Japanese’ virus (then called ATLV) was not yet characterized 
in detail, but subsequent studies soon proved that ATLV and 
HTLV-I were identical?” and associated predominantly with 
a clinical entity typified by ATL. The first independent isolate 
of HTLV-I was obtained by Yoshida and colleagues”. Other 
endemic areas were soon uncovered (Fig.1), including the 
Caribbean islands****, the southeastern United States”, parts 
of South America?*”*, parts of southern Italy”? and many parts 
of Africa**?. The virus is also endemic in European emigrant 
populations from these areas, such as the Surinam population 
in Holland*°, the West Indian population in England?” and the 
Ethiopian Jews in Israel'**. A virus designated simian T- 
lymphotropic virus type I (STLV-I) has been identified in some 
Old World monkeys and it is particularly prevalent in African 
green monkeys~’”'. STLV-I is highly related (>95% ) to HTLV- 
1°*. Infection of animals with STLV-I is also associated with 
malignant lymphomas”. Based on these and other observations, 
we postulated that HTLV-I originated in Africa and was brought 
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to the other endemic areas by commercial and slave trades dating 
back to the sixteenth century?*. Remarkably, Kanki and co- 
workers recently discovered a retrovirus (designated STLV-III) 
highly related to HTLV-IIX in African green monkeys?? and 
macaques, and in the latter species, the virus is also associated 
with an AIDS-like disease. Natural infection of more than one 
species by the same or by a highly related retrovirus had not 
been demonstrated with any other retroviruses, yet it has now 
been found with both HTLV-I and HTLV-III. Thus, these 
findings represent yet another unique feature of the HTLVs and 
another common property of HTLV-I and HTLV-III. 

The epidemiological results, the findings in monkeys, the in 
vitro transformation of primary human T cells and, most tmpor- 
tantly, their molecular properties, led to the conclusion that 
HTLV-I is the primary cause of a human cancer. The major 
conclusions relating to the molecular biology studies from our 
laboratory and by M. Yoshida and co-workers, reviewed 
recently”®, are that: (1) all ATL cells contain an HTLV-I provirus 
(usually one copy), whereas normal cells generally do not; (2) 
the provirus is clonal, indicating that infection was before the 
time of the first transformation and not later as a passenger 
virus; (3) the integration sites, although the same in each cell 
of a tumour, vary from one patient to another. Therefore, trans- 
formation by HTLV-I (and bovine leukaemia virus, BLV) prob- 
ably operates through a trans mechanism and not through long 
terminal repeat (LTR) activation of a nearby cellular gene. 


HTLV-II and AIDS 


The idea and the approach to the identification of a unique 
human T-lymphotropic retrovirus in AIDS is largely derived 
from epidemiological data and from studies on HTLV-I. The 
idea was first proposed by R.C.G., based on several considera- 
tions derived in part from discussions with M. Essex. First, 
epidemiological studies carried out chiefly by the Centers for 
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Fig. 1 Geographical distribution of HTLV-I 
and HTLV-III. a, Possible origin and preva- 
lence of HTLV-I; b, Possible origin and spread 
of HTLY-III. a, Regions where the incidence 
of infection (seropositivity) are highly prevalent 
(>5%); O, moderate (1-5%). X, places where 
HTLV-I infection has been detected but exten- 
sive seroepidemiology has not been reported. 
?, areas not studied. Insets are enlargements of 
two endemic areas, the Caribbean islands and 
Japan. b, Thick arrows indicate primary spread; 
thin arrows, secondary spread. 


Disease Control in Atlanta, Georgia, particularly those pertain- 
ing to transmission of the disease by filtered factor VIII in blood 
transfusion cases strongly implicated a viral agent (see ref. 37 
for review). Second, animal retroviruses such as feline leukaemia 
virus, were known to cause an AIDS-like disease as well as 
leukaemia’. Third, the apparent defect in the helper T- 
lymphocyte population suggested a restricted tropism for the 
virus that was highly reminiscent of HTLV-I and HTLV-II. 
Fourth, the manner of transmission of HTLV-I was believed to 
be sexual, congenital and by blood contamination, routes ex- 
pected from an AIDS agent. Fifth, the fact that HTLV-I and 
HTLV-II also showed immune suppressive activity in vitro??™ 
and the evidence of opportunistic infections in ATL patients’? 
all strengthened the notion that an HTLV-like virus was involved 
in AIDS. Sixth, although the AIDS disease was first recognized 
as an epidemic in the United States which was now spreading 
to Europe and Asia, the disease probably originated in Africa 
and Haiti?’ (Fig. 1), both endemic areas for the then known 
human T-lymphotropic retroviruses. Finally, once the first 
human retroviruses had been found, it was reasonable to expect - 
that this class of viruses may be involved in other human diseases 
as well. 

As the technology for sensitive assays for retroviruses and for 
culturing T lymphocytes in vitro was already available, it was 
a logical place to begin. In 1983, we found HTLV-I-related 
sequences from 2 of 33 AIDS patients? and rare virus isolates“. 
We recognized that this could be caused by opportunistic infec- 
tion with HTLV-I itself which was, nonetheless, important to 
document in this population. We also suggested that these 
viruses in AIDS patients could have been minor variants of | 
HTLV-I and could have been involved in the cause of AIDS. 
Later, detailed analyses of these isolates showed they were 
HTLV-I itself and not minor variants**. Therefore, we conclude 
that they are opportunistic infections. 


NATURE VOL. 317 3 OCTOBER 1985 





Fig. 2 Scanning electron micrograph (45,000) of budding and 
absorbed HTLV-III on the surface of an H9 cell. (Courtesy of 
M. A. Gonda and K. Nagashima, Program Resources, Inc.) 


Using the same approaches for the isolation of HTLV-I and 
HTLV-II, we also detected transient reverse transcriptase 
activity and retrovirus-like particles by electron microscopy from 
cultured T cells of peripheral blood and lymph node of a few 
AIDS and ‘pre-AIDS’ patients, which were apparently different 
from HTLV-I or HTLV-II. However, unlike previous experien- 
ces, we could not maintain growth of the virus or the T cells in 
culture. Therefore, we could not characterize them because of 
lack of reagents. In 1983, Barré-Sinoussi ef al. using a 
modification (addition of anti @-interferon) of the same cell 
culture protocol (lectin-stimulated T cells grown with IL-2) used 
for the isolation of HTLV-I detected a retrovirus in T cells of 
a lymphadenopathy patient**. They recognized this virus to be 
a human T-lymphotropic virus. Subsequently, they named this 
virus LAV or IDAV (for immunodeficiency associated virus). 
The lack of specific reagents at that time precluded the con- 
clusion that samples from different AIDS patients contained the 
same virus and a clear link to AIDS could not be established. 
Nonetheless, this report was important as being the first descrip- 
tion of the detection of the virus which would be defined as the 
cause of AIDS. The problems of large-scale virus production, 
development of specific viral reagents and linkage of the virus 
to the cause of AIDS were eventually solved once we recognized 
the cytopathic effects of the virus in culture (see below). 

Popovic et al. developed clones of a permanently growing T4 
cell line susceptible to virus infection but at least partially 
resistant to its cytopathic effect providing the first successful 
transmission of the virus to a permanently growing cell line*’. 
Highly resistant cell clones (H9 or H4) of a leukaemic T-cell 
line were chosen as targets for virus isolation and detection. 
Figure 2 depicts virus particles budding from or absorbed to an 
H9 cell. We initially described 48 isolates**® but now have over 
100 (ref. 49). By using similar target cell lines or rationale, viruses 
have now been isolated from AIDS patients in other 
laboratories”’. The availability of continuous, high-titre pro- 
ducer cell lines also allowed development of purified viral 
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Fig. 3 Biological effects of HTLV-I and HTLV-III on normal 
cord blood T lymphocytes. Cumulative cell numbers were recorded 
after different days of infection. @, Normal, uninfected, mitogen- 
stimulated T cells derived from the umbilical cord blood grown in 
the presence of 10% TCGF in long-term cultures. W, HTLV-I- 
infected cord blood T cells cultured under the same in vitro condi- 
tions as uninfected cells. A, HTLV-II 1-infected cord blood T cells 
cultured under the same conditions. 


reagents for extensive seroepidemiological studies (see, for 
example, 51, 52) and for comparing the 48 different initial 
isolates. These results showed that each of these isolates 
belonged to the same virus group. The fact that these viruses 
were all found in people from risk groups or from patients with 
AIDS, coupled with seroepidemiological data showing a high 
percentage of seropositivity in the same groups of individuals 
but not unaffected and non-risk people, allowed us to link the 
virus to the cause of AIDS*’****'. The first serological evidence 
of a human retrovirus involvement in AIDS was obtained by 
M. Essex and co-workers using HTLV-I reagents****. These 
studies clearly identified antibodies in sera of AIDS patients 
and asymptomatic individuals which were the source of infection 
of blood transfusion recipients. These findings may now be 
explained by cross-reactivities of antigens of HTLV-I with those 
of the AIDS agent**. Because of their tropism for the OKT4* 
T lymphocyte and some biological, biochemical and structural 
features in common between the new virus and HTLV-I and 
HTLV-II, we adopted the nomenclature convention for human 
retroviruses agreed on by US, Japanese and European colleagues 
at the Cold Spring Harbor HTLV Symposium in 1983, and 
named this virus HTLV-III. Just as different isolates of papil- 
loma viruses and hepatitis viruses may not share much 
homology, the term HTLV-III does not depend on an arbitrary 
extent of nucleotide sequence homology to HTLV-I and HTLV- 
II. Subsequent studies demonstrated that these viruses were 
closely related to the LAV isolate. 

The cytopathic activity in vitro, the repeated isolation from 
patients with AIDS and people at risk, and results of the 
seroepidemiological studies are all consistent with HTLV-II 
being the aetiological agent of AIDS. However, HTLV-III is 
only indirectly involved in the lymphadenopathy syndrome 
(LAS) or AIDS-associated neoplasms such as Kaposi's sarcoma 
and B-cell lymphoma, as viral genetic information is only found 
in a small fraction of cells in lymph nodes of LAS patients and 
not detectable in Kaposi tumour’ or B-cell lymphoma tissues 
(our unpublished observations). The association of Kaposi's 
sarcoma with AIDS deserves special mention. This otherwise 
extremely rare malignancy ocgurs predominantly in a restricted 
risk group, that is, the homosexuals, and can occur in the absence 
of any apparent T-cell defect in the patients. Therefore, the 
precise role of HTLY-III in the predisposition of the disease is 
unclear but merits intensive study. Virus has been obtained 
from blood, bone marrow, lymph nodes, spleen, plasma**~*', 





semen’ and saliva’’ of infected individuals. These results not 
only support previous documentations of transmission of AIDS 
by blood products (for example, factor VIII) and sexual contact, 
but also suggest that salivary exchange is an infrequent mode 
of transmission. 


Transformation and cytopathic effects 


One of the most distinctive properties of the HTLVs is their 
ability to reproduce in vitro some of their biological properties 
in vivo. These properties include immortalization and transfor- 
mation of normal T lymphocytes by HTLV-I and HTLV-II®"°* 
and cell killing by HTLV-III*’. Normal lymphocytes obtained 
from cord blood, bone marrow or peripheral blood grow 
transiently in the presence of IL-2 after activation with 
phytohaemagglutinin, which induces the synthesis of IL-2 recep- 
tors“ (Fig. 3). However, they usually enter a ‘crisis’ period 
between 30 and 40 days when growth declines or terminates. 
So far, no permanent cell lines have been established from 
normal, uninfected T-lymphocytes. In contrast, when these 
T cells are infected with HTLV-I or HTLV-II, some of the cells 
grow indefinitely. A remarkable and consistent difference 
between the HTLV-I-positive ATL cells and normal T4 cells is 
the constitutive expression of IL-2 receptors by ATL cells°*°**’ 
(see ref. 68 for review). Moreover, the IL-2 receptors of these 
virus-positive leukaemic cells cannot be down-regulated” and 
are unusually abundant*- °, Like the primary ATL cells, the 
T-cell lines immortalized by in vitro infection with HTLV-I or 
-II are: predominantly OKT4* (although occasional OKT8* cell 
lines have also been established); have partial or complete 
independence of exogenous IL-2; express high levels of IL-2 
receptors, transferrin receptor and HLA-DR; and often display 
lobulated nuclei and multinucleated giant cells (Fig. 4)°"°'. Most 
HTLV-I or -II infected T cells do not become transformed, but 
infection may seriously impair their immunological func- 
tion’ *'. This may explain the observation that the OKT4* ATL 
cells obtained directly from patients do not have helper activity ”' 
and may also explain why HTLV-I-infected individuals are 
prone to opportunistic infections**. Furthermore, HTLV-I- 
infected T4 cells may cause polyclonal B-cell activation?’ 
and selective killing of certain cytotoxic T cells*™7?. All these 
properties of HTLV-I are limited manifestations of the more 
profound immunosuppressive and cytopathic properties of 
HTLV-III. 

Normal T cells infected in vitro with HTLV-II initially 
resemble the HTLV-I- and HTLV-I1-infected cells in the appear- 
ance of multinucleated giant cells (Fig. 4), but instead of infinite 
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Fig. 4 Syncytia formation of cells infected by 
HTLV-I, -II and -III]. A common feature of 
HTLV cells is the development of multi- 
nucleated cells and cells with multilobulated 
nuclei. These aberrant cells may be normal in 
size or in the form of giant cells, commonly 
called syncytia. a, Cell culture of human 
umbilical cord blood leukocyte transformed by 
HTLV-I, showing both the normal-sized cells 
with multilobed nuclei and a dramatic giant 
cell; b, large multinucleated cell from the 
peripheral blood leukocyte transformed by 
HTLV-II; c, giant multinucleated cell infected 
by HTLY-III; d, electron micrograph of a 
similar giant syncytial cell showing virus pro- 
duction from its plasma membrane. Inset shows 
a mature particle of HTLV-II. (Courtesy of Z. 
Salahuddin). a-c, x1,000; d, x7,500; inset 
x 30,000. 


growth of some cells, a dramatic loss of cell viability is noted 
within 2-3 weeks (Fig. 3). The onset of this premature cell death 
correlates with expression of virus. Both virus infection and cell 
killing occur specifically in the OKT4* cells which become 
depleted along with a decline and eventual cessation of virus 
production. These may be the only type of T cells infected by 
HTLV-III because an epitope of the T4 antigen was recently 
shown to be a component of the receptor for HTLV-II >74. The 
specific infection and depletion of the OKT4* helper T lym- 
phocytes in vitro by HTLV-III is again a mimicry of the clinical 
manifestation of the AIDS disease analogous to the infection 
of the same cell by HTLV-I, leading to in vitro immortalized 
growth and in vivo T-cell leukaemia. 

T cells are not the only cells that can be infected by HTLV-I, 
-II and -III. Subpopulations of B cells were infected by HTLV- 
1576 and by HTLV-II ™*. The latter seem to be B cells that 
express a T4 epitope”. Furthermore, fibroblasts” and vascular 
endothelial cells*® could also be infected with HTLV-I under 
special laboratory conditions. Cells in the brain of AIDS patients 
which are not lymphocytes have also been found to be infected 
by HTLV-III"', although the exact nature of these cells is not 
yet determined. Recently, infection of macrophages by HTLV- 
III was demonstrated (Z. Salahuddin and R. C. Gallo, unpub- 
lished; R. A. Weiss, personal communication). Although infec- 
tion of non-T cells by retroviruses of the HTLV family is not 
yet known to have relevance to their primary pathogenic effects, 
the infection of brain cells is obviously pertinent to the dementia 
and other neurological abnormalities associated with HTLV-II] 
infection, and infection of any of these cells could account for 
possible virus reservoirs. 


Genetic structures of the HTLV genomes 


Molecular clones of the genomes of all three subgroups of HTLV 
have been obtained®*"** and the complete nucleotide sequence 
of one or more isolates of each subgroup has been published”. 
Figure 5 depicts the organization of potential coding regions of 
these viruses compared with two prototype mammalian and 
avian type-C retroviruses (Moloney murine leukaemia virus, 
M-MuLV and Rous sarcoma virus, RSV), and with BLV (dis- 
tantly related to HTLV). The genomic structure of STLV-I 
closely resembles that of HTLV-I. 

In addition to several general biological features common to 
HTLV-I and -III, there are some striking structural features that 
are common among the HTLVs and the related BLV. First, the 
notable absence of the small phosphoprotein (prolgagtin) inter- 
posed between the amino-terminal gag protein (myrgagtin) and 
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Fig. 5 Genetic structures of retroviruses ENDO, endonuclease; 

PROT, protease, NCR, noncoding region, X-LOR, long open 

reading frame in pX, SOR, short open reading frame, 3’ ORF, 3’ 
open reading frame. 


the major capsid protein (largagtin) (see ref. 96 for terminology). 
This immediate juxtaposition of largagtin to myrgagtin has not 
been found in any other retroviruses. Second, although the 
HTLVs all lack cell-derived oncogenes, they accommodate one 
or more coding regions in addition to the usual viral replicative 
genes (gag, pol, env). The relatively small size of the largagtin 
(p24) and the glycosylation of the transmembrane protein (gp21 
. or gp41) are additional features that distinguish them from the 
mammalian type-C retroviruses. 

HTLV-I and HTLV-II have very similar organization®®*", One 
apparent difference is the presence of a noncoding region 
between the gag and pol genes in HTLV-I and a protease gene 
in an analogous position in HTLV-II. Although an HTLV-I 
variant that has been sequenced also has a noncoding region?” 
neither of these proviruses has been shown to be biologically 
active. Therefore, it is still possible that the lack of a protease 
gene signifies a defect in these particular proviruses and not a 
real difference between HTLV-I and HTLV-II. BLV also has a 
protease gene at the same place”. The gene, designated x-lor, 
has a subdomain at the 3’ end of the pX region first identified 
by Seiki et al.®’. This gene is highly conserved between HTLV-I 
and HTLV-II ‘and encodes protein products of relative 
molecular mass 42,000 (42K) and 38K respectively’?'*. A 2.0- 
kilobase (kb) x-loF messenger RNA is apparently generated by 
a complex splicing. mechanism'**-'°> (Fig. 5). Three exons are 
joined by using a donor splice site located in the R region of 
the LTR, an acceptor upstream of the env gene followed by a 
donor 190 nucleotides apart and a second acceptor splice site 
that also marks the beginning of x-lor. The middle short exon 
contributes an initiator ATG codon, which is also the initiator 
codon for the env gene, plus a G residue which puts the rest of 
x-lor in the correct reading frame. This double-splice mechan- 
ism is unprecedented in mRNA transcription of other retro- 
viruses. 

The genome of HTLV-II has a few peculiar features 
uses a primer binding site homologous with lysyl transfer RNA. 
It has at least two relatively short open reading frames (ORFs) 
of unknown function: sor (also called orf-1, Q or P’), located 
between pol and env, and 3’ orf (also called orf-2, F or E’), after 
env and extending into U3. Peptides derived from 3' orf se- 
quences are immunogenic against the sera of AIDS patients (G. 
Franchini et al, unpublished), suggesting that it is a functional 
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Fig. 6 Generation of multiply spliced 2.0-kb mRNA of HTLV-I, 
HTLV-H, BLV and HTLV-II. D and A denote donor and acceptor 
splice sites. 


gene. However, the 3’ orf gene is polymorphic in that some 
HTLV-II proviruses contain one or more termination codons 
so that its coding capacity ranges from 134 to 236 amino acids” 

A biologically active provirus’®* clone has the truncated form!°, 


' but the single stop codon may be suppressed. In addition, several 


short ORFs, that encode proteins 6-10K in size can be found. 
Two or more species of abundant mRNA ~2kb in size are 
found in all HTLV-Il]-infected cells'*°. Analyses of complemen- 
tary DNA clones derived from these mRNAs showed a doubly 
spliced structure indicated in Fig. 6 (refs 95, 107). The first 
donor site is located in the non-translated leader sequences of 
the gag gene. The.short middle exon is derived from sequences 
following sor, and uses one of two possible acceptor sites. The 
last exon contains 414 nucleotides of the env gene and the rest 
of the 3’ end of the genome. For the messenger RNA with the 
shorter middle exon, the only reasonably long open reading 
frame with a methionine codon is 3’ orf. Therefore, it probably 
encodes the 3’ orf gene product. The mRNA species with ‘a 
longer middle exon contains additional short open reading 
frames that can encode protein(s) of 6-10K in size. Even more 
complex splice patterns involving additional short exons in the 
pol and sor regions have been observed? In any case, the 
generation of a 2.0-kb mRNA by multiple splice events is remi- 
niscent of the x-lor mRNA of HTLV-I, HTLV-II and BLV. 

The env gene of HTLV-III differs from that of most other 
known retroviruses. The major exterior glycoprotein is large and 
heavily glycosylated, with >20 potential glycosylation sites, The 
carboxy-terminal env protein has a region that closely resembles 
the transmembrane protein of other retroviruses. However, there 
is an additional domain at the carboxy-terminus that is hydro- 
philic and may. be intracellular. 

HTLV-III has many parallels with the ungulate lenti-retro- 
viruses, particularly visna virus. These include cytopathic effects 
in vitro, accumulation of a large amount of unintegrated viral 
DNA in the infected cells°*®° (a property shared by other 
cytopathic retroviruses), the capacity to infect cells in the brain?! 
viral morphology and distant nucleotide sequence homology”. 
Recent studies have shown that HTLV-III also shares distant 
sequence homology with caprine arthritis-encephalitis virus and 
equine infectious anaemia virus’”®. Therefore, HTLV-HI and 
the ungulate lenti-retroviruses have diverged from a common 
progenitor and HTLV-III may be a human lentivirus. 


Transactivation and retrovirus classification 


HTLV-I, HTLV-II and BLV differ from other leukaemia and 
sarcoma retroviruses in that they do not contain cell-derived 
oncogenes and require neither active viraemia nor a conserved 
site of provirus integration for transformation/leukaemogenesis 
(see ref. 36 for review) The latter observation suggests that a 
trans-acting viral element must mediate their biological activity. 
Several lines of evidence indicate that the x-lor gene is critical 
for transformation: its high degree of conservation, its retention 
and expression in almost all transformed cells, including those 
containing single proviruses deleted in the entire env gene”, 
and the fact.that it is unrelated to all previously known retrovirus- 
replicative genes x-lor is more similar to the transforming genes 
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Fig. 7 The trans-activating retroviruses. STLV-I and STLV-III: 

simian T-lymphotropic virus types I and III. V, visna virus; E, 

equine infectious anaemia virus, C, caprine arthritis and 
encephalitis virus 


of DNA tumour viruses both in its lack of a close cellular 
counterpart and its action as a transcriptional activator. Sodroski 
et al.’ first described the phenomenon that the steady-state 
mRNA level, and consequently the enzymatic activity, of a 
bacterial gene (CAT) linked to the viral LTR is greatly enhanced 
in virus infected cells expressing x-lor. They called this trans- 
acting trancriptional (TAT) regulation. Recent evidence for a 
direct role of x-lor in TAT was provided by the demonstration 
of transcriptional activation of an LTR-linked CAT gene in cells 
transfected with only the x-lor gene''®. As x-lor now has a 
defined function, we, in agreement with Sodvoski and col- 
leagues''', have renamed it the tat gene. It has been speculated 
that, like some of the DNA virus proteins'!?"''* (for example, 
Ela of adenovirus), taf not only activates transcription of viral 
genes, but also positively or negatively regulates transcription 
of some cellular genes; these would be genes involved in lym- 
phoid cell proliferation. Activation of these genes on .virus 
infection would then lead to immortalization and subsequently 
transformation of these cells. As shown in Fig. 7, this mechanism 
of Jeukaemogenesis differs from those of the acute or chronic 
leukaemia viruses. 

HTLV-III exhibits TAT activation!’ that is one or two orders 
of magnitude greater than that of HTLV-I', HTLV-II!” and 
BLV''*. As described above, there are several potential extra 
coding regions that could accommodate this function. Recently, 
the tat gene was mapped to a region previously thought to be 
non-coding, immediately before the env gene’, The mRNA 
encoding the tat protein is one of the doubly spliced 2-kb 
mRNAs?!°. This is a remarkable coincidence with the doubly 
spliced 2-kb mRNA of the tat gene of HTLV-I, -II and BLV. 
It is not known whether TAT is an integral part of the cytopathic 
activity of the virus. We have obtained a molecular clone of 
HTLV-II which directs the production of virus particles that 
are infectious’, cytopathic for T4 cells‘ and capable of 
mediating trans-activation (our unpublished data) on transfec- 
tion into cells. It would be of interest to correlate the biological 
functions with specific mutations in this virus genome in further 
transfection studies. l 

Members of the ungulate lentivirus group also exhibit TAT 
activation'!®. Thus, HTLV-I, HTLV-II, HTLV-II, STLV-1, BLV 
and the ungulate lentiviruses not only share a varying degree 
of homology and/or several biological and structural features, 
but they also have a viral gene which mediates TAT activation. 
We suspect that STLV-III will also have this property and we 
propose a tentative family tree of this group of viruses (Fig. 8). 


Genomic diversity of HTLV-II 


We first discovered the heterogeneity of different HTLV-II 
isolates when we analysed a few of our isolates by Southern 
hybridization’. Now, with >30 of >100 isolates in our labora- 
tory analysed, >10 cloned and partially or completely se- 
quenced, the picture that emergés is that HTLV-III constitutes 
a continuous spectrum of closely related to more divergent 
viruses''®. LAV, the original isolate of the Pasteur group*, and 
ARV, an isolate obtained more recently*’, both fit within this 
spectrum. The extent of divergence can vary from 1-2% (LAV, 
HTLV-II snio; HTLV-HI yn, HTLV-IIs,) to 7-8% (ARV and 
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Fig. 8 Mechanisms of leukaemogenesis. a, Acute leukaemia 
viruses, b, chronic leukaemia viruses, c HTLV/STLV/BLYV. a, 
Acute leukaemia viruses have captured cell-derived genes (onc 
genes) which encode transformation-specific proteins'*', Some of 
these proteins are growth promoting proteins and may be localized 
to the membrane (for example, growth factor receptors), cytoplasm 
(for example, growth factors) or nucleus (for example, DNA 
binding proteins). These possible sites of action are shown by 
arrows. Because these viral proteins are transacting, no conserved 
site of provirus integration is necessary. b, Chronic leukaemia 
viruses activate cellular genes by proximal integration of the pro- 
virus'**, The activated cellular genes may be proto-onc genes. The 
mechanism of cis activation requires conserved site(s) of integra- 
tion. c, The HTLV/STLV/BLV family of viruses make a nuclear 
protein (TAT) which activates transcription in trans. Therefore, a 
conserved integration site for the provirus is not necessary It 1s 
speculated that the fat gene product will activate the expression 
of growth promoting genes (GPG) specific for lymphoid cells 


HTLV-IlIg¢ vs. LAV)'*’. It is of interest and discomforting that * 


the most divergent part of the genomes lies within the major 
exterior glycoprotein portion of the env gene, as epitopes in- 
volved in virus neutralization generally reside in this region. 
Comparing the three most divergent known isolates, namely, 
the BH 10 and RF strains of HTLV-III and ARV, which differ 
in 10-20% of amino acids from each other in the env sequences, 
one can locate ‘hot spots’ of mutation (Fig. 9) (our unpublished 
data). These hot spots may correspond to dispensable regions 
in the envelope which can allow a degree of freedom to change, 


or to epitopes that drift with immunoselection. On the other ~, 


hand, there are also regions of extreme conservation which 
probably represent critical functional domains, for example, 
that which interacts with the cellular receptor. The most obvious 
conserved sequences are those flanking the cleavage site for the 
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transmembrane protéin. These may be exploited for develop-. 


ment of diagnostic or therapeutic reagents that will be broadly 
cross-reactive. 


Public health, social and ethical i: issues. 


The’ public health implications of human retrovirus infections 


‘are only now beginning to be appreciated. Though less in the 


public eye than HTLV-II and AIDS, HTLV-I has been docu- 
mented to be a major leukaemogen in endemic areas where it 
accounts for 50-70% of all lymphoid leukaemias of adulthood. 
HTLV-II, which was first obtained from a patient with hairy. 
cell leukaemia”, is relatively rare. Recent reports from the 


‘United Kingdom and the United States indicate: that certain 


populations of intravenous drug users have exceptionally high 


-rates of HTLV-I (and HTLV-II) infection'*'. In. Japan, blood 
‘transfusion has been implicated as a-major mode for HTLV-I 


transmission in that population'™* 


a potent human leukaemogen is being introduced into previously 
uninfected populations. Because of the relatively low disease-to- 


infection ratio and long latency ‘of, this virus, the impact of these 


. findings is not yet felt, but an increase in T-cell malignancies 


caused by-this virus is expected." 


' The medical and’ social problems associated with HTLV-II 


modern medical and public health researchers. Compared with 


‘the normal -rate of progress in research on human diseases, 
- AIDS and HTLV-II (LAV) basic science research is very fast!23, 


caused by earlier éxperiences with animal retroviruses and with 
HTLV-I and -II and the great progress made in fundamental 
molecular biology and immunology in the previous decade. 
However, despite rapid progress, disease development continues 
to outrun the science. AIDS is emerging as the first major lethal 
pandemic of the second half of the twentieth century. l 

As shown in Fig. 10, there is an acceleration in the incidence 


- of: AIDS in all risk groups and recent estimates suggest 40,000 
- new cases of AIDS in the United States in the next 2 years. The 


direct lifetime hospital costs for caré of such patients is calcu- 
lated to be $42,000, per patient. Thus patient health care costs 


.for this epidemic over the next 2 years in the United States alone 


may exceed 1;000'million dollars!” 


Estimates of the number of people already infected by HTLV- ° 


> 


. The potential thus exists that - 


III have been conservatively placed at between 400,000 and- 


1,000,000, but this may be a significant underestimate, given 
emerging data concerning unexpectedly high rates of seroposi- 


‘ tivity in some risk groups as well as the findings of some 


virus-positive,, seronegative individuals!'”>'?* Preliminary esti- 
mates demonstrate that HTLV-II seropositivity translates into 
AIDS disease in up to 8-10% .per year with an equal or higher 
rate’ of AIDS-related conditions also developing in a short 
period. These include ‘thrombocytopenia, lymphadenopathy 


f 


(LAV) and AIDS have created unprecedented problems for . 


syndrome, neurological manifestation, and diverse malignan- | 


cies, ‘particularly Kaposi sarcoma, B-cell lymphomas and some 


t 
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carcinomas'*’.-In addition, we must consider the possible long- 


term sequelae, such as chronic degenerative diseases, in monitor- 
ing HTLV-III-infected people in the coming decade. l 
The syndrome i is also associated with profound psychological, 
social, economic and political concerns. Scientists can help to 
alleviate these problems. First, accurate information in reviewed 


- scientific literature can be provided. Second, the blood-bank 


test for antibodies to HTLV-III can be implemented and some 
misconceptions clarified. For example, it has been said that 
seropositivity may not mean virus positivity. Yet, our co-workers 
can isolate HTLV-III from peripheral blood of >80% of people 
with serum antibodies to the virus. Because of the technical 
difficulties with some blood samples this value may approach 
100%. Therefore, a properly performed positive result means 
the person is infected, and until proven otherwise the individual 


‘must be considered infectious. The’ opposite concern, that is, 


there may be false negatives, is valid, based on recent evidence 
for virus-positive antibody-negative homosexuals'*°, but they 
represent less than 20% of virus-positive people. Clearly, we 
should proceed with blood-bank antibody tests and develop 
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Fig. 10 Semilogarithmic graph of the number of new US" AIDS 
cases diagnosed in each quarter year, 1978 to July 1 1984 (as of 
October 29 1984) by six hierarchical high-incidence groups'* @, 
Homosexual males, Q, parental drug users, A, Haitians; O, trans- 
fusion recipients; W, haemophiliacs; A, heterosexual contacts. _ 
. {Courtesy of J. Goedert and W Blattner) - 
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additional (for example, antigen) assays. A final, often 
expressed, reservation about a blood-bank assay is the possibility 
of motivating people from risk groups to donate blood so that 
they could learn the result. This problem can be solved by 
establishing centres for diagnostic testing. Although a precise 
test for serum antibodies to HTLV-II] was available in our 
laboratory by December 1983, virus-positive blood continues to 
enter new populations and new countries. Thus, the application 
of technological advances is too slow. Removal of antibody- 
positive blood and the development of sensitive antigen assays 
for antibody-negative blood are tests that can now be performed. 

Social questions arose from findings of HTLV-II in saliva?’ 
suggesting possible transmission by casual contact. The care of 
patients with AIDS has sometimes been refused by health-care 
workers. However, epidemiological studies indicate that saliva 
is not a major route of transmission, for example, non-sexual 
household contacts are generally virus-negative. In our 
experience, patients with AIDS have less virus in their blood 
than ‘healthy’ carriers or people with AIDS-related complex, 
and virus was isolated from saliva of healthy carriers, not from 
people with AIDS”. We have tested many individuals who work 
with HTLV-III from many laboratories including our own and 
have never found an antibody-positive serum. All available 
evidence indicates that none of the human retroviruses are 
transmitted by inhalation. However, a recent report of sera 
conversion after a needlestick'*® shows the potential risk to 
health-care workers exposed to infected secretions and 
blood/blood products. Logically, then, the most useful safety 
precaution for HTLV-I, -IX or -III is to avoid exposure to needles 
and to use disposable glassware. The greatest hazard is the 
handling of blood from a normal virus-positive individual by 
an unsuspecting and inadequately trained hospital employee. 

Why is the virus widespread in homosexuals? The available 
evidence suggests that this is not caused by unusual susceptibility 
of this group per se but rather to the frequency of sexual contacts 
and the probability that in the United States and Europe HTLV- 
III first entered this group. In fact, heterosexuals are the major 
infected group in Africa'*®, and studies in the United States 
show recent infection of heterosexuals'**'*'_ Therefore, trans- 
mission by several sexual routes as well as by blood-or blood- 
products inoculation is likely. However, the risks of heterosexual 
transmission cannot yet be assessed and the future rates of 
infection of the heterosexual population for most parts of the 
world cannot be predicted. What is clear is that in most areas 
diseases caused by HTLV-III are new. Like HTLV-I, the AIDS 
virus probably originated from Africa, but unlike HTLV-I, it 
was until recently much more restricted to certain regions of 
central Africa? "414 spreading to other regions of Africa, 
then to the United States and Europe, and now to other parts 
of the world (Fig. 1). 


Conclusions 


It is not purely coincidental that all human retroviruses isolated 
to date are tropic for mature T cells, as the discovery of T-cell 
growth factor or IL-2 has availed scientists of selective long-term 
cultures of these cell types. However, it is striking that the 
selection is specifically for the T4 subset. It is also striking that 
viruses closely related to these human retroviruses naturally 
infect multiple primate species, an unprecedented situation 
among retroviruses. In addition, all human T-lymphotropic 
viruses share many structural and functional features, some of 
which are unique. A list of the similarities between HTLV-III 
and HTLV-I (in most instances also HTLV-II) is presented in 
Table 1. In addition to those mentioned in the introduction, 
more salient features are. (1) transcriptional regulation (TAT) 
of viral and possibly cellular genes; (2) the presence of one or 
more extra non-cell-derived gene(s); (3) a novel (for retro- 
viruses) double-splicing mechanism for generation of a 2-kb 
mRNA near the 3’ end of the viral genome. The TAT 
phenomenon may be a key molecular mechanism involved in 
the abnormal cellular response (transformation/cytopathicity) 
to these viruses. 
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Table 1 Similarities between HTLV-III and HTLV-I (-IT) 


*1 Human, exogenous, infectious retroviruses 
2 Lymphotropism 
*3 Particular T4 tropism 
4 Induction of syncytial formation im vitro 
5 Impairment of T-cell function in vitro 
6 Immunosuppression in vivo 
*7 Presence of highly related viruses (STLV-I, STLV-IJI) in Old 
World monkeys 
8 Probable African origin 
9 Mode of transmission’ sexual (semen), blood, congenital 
10 Indirect association with B-cell leukaemia/ lymphoma 
11 Size of major core protein (p24/25) 
*12 Lack of small phosphoprotein interposed between NH,-terminal 
gag protein and p24 
*13 Common p24/25 epitopes with both heterologous (rabbit) anti- 
sera and a human monoclonal antibody 
14 Stretch of nucleotide sequence homology in gag-pol region and 
LTRs 
*15 Double splice to generate 3’ mRNA of ~2 kb. 
*16 Presence of non-cell derived gene(s) in addition to gag, pol and 
env 
*17 Trans-acting transcriptional activation of viral LTR 


* Possibly unique to these viruses. 


What is the abnormal cellular response to these events? In 
vitro models of T-cell transformation (HTLV-I and HTLV-II} 
and T-cell killing (HTLV-III) have been developed which have 
already provided some clues. For instance, in comparison with 
normal T cells there are two consistent features of HTLV-I and 
HTLV-II in vitro-transformed T cells and the HTLV-I-positive 
fresh leukaemic blood primary cells. (1) They constitutively 
express T-cell growth factor receptors°° © and (2) class II (HLA- 
D/DR or Ia) antigens of the major histocompatibility complex, 
including self-Ia determinants, stimulate proliferation of the 
HTLV-I-infected T cells indiscriminately”. Thus, autostimula- 
tion by a self-Ia determinant could promote clonal expansion 
of infected T cells. In the case of HTLV-II, infection is followed 
by persistence of unintegrated and integrated DNA”. Cytoplas- 
mic degeneration is seen following stimulation of the infected 
cells with antigen or lectin, associated with expression of various 
lymphokines and of the viral genes. Elucidation of the precise 
role of viral and cellular factors in these processes, and of the 
subsequent cascade of events leading to full manifestation of 
diseases, is being investigated by many laboratories. 

Two of the three human T-lymphotropic viruses have been 
linked to human diseases: HTLV-I with ATL and HTLV-II 
with AIDS. ATL is found only sporadically in the United States 
and Europe, but is endemic in many areas of the world. AIDS 
is now spreading through Europe and Asia. Knowledge of the 
agents in these diseases leads to strategies for prevention and 
intervention. Elucidation of the structures and functions of these 
viruses, coupled with the power of molecular biology and recom- 
binant DNA technology, allow a direct attack on the aetiological 
agent. Both HTLV-I and HTLV-II] gag and env proteins 
expressed in bacteria have been shown to be useful diagnostic 
tools'**5° and will soon be available for blood-bank assays. A 
vaccine may be more appropriate for AIDS than ATL as the 
disease is more acute and widespread. Recent demonstrations 
of neutralizing antibodies in AIDS and pre-AIDS patients (refs 
137, 138 and D. Ho and M. Hirsch, personal communication) 
are encouraging for the prospects of a vaccine, and large frag- 
ments of the env protein expressed in prokaryotes are ready for 
appropriate manipulations and injection into monkeys. 

Furthermore, inhibitors of virus replication (for example, 
reverse transcriptase inhibitors) have already been used 
therapeutically’*’, but it is still too early to draw conclusions 
on the efficacy of this approach. Attempts to kill the reservoir 
of infected cells by use of monoclonal antibodies against viral 
or virus-induced cellular markers are also in progress’*”. It is 
to be hoped that a combination of all these approaches will 
curb the spread of these diseases. 
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The magnetic reversal record is not periodic 
Timothy M. Lutz 


Department of Geology, University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA 


Statistical analysis of one version of the magnetic reversal record suggests that the frequency of reversals has changed 
cyclically with a period of 30 Myr starting at least 165 Myr ago. But factors other than periodicity affect the analysis used 
and here I show that there is no compelling evidence for periodicity in the reversal record. The results of essentially identical 
analyses that have been applied to other geolocial data should also be re-evaluated. 





RAUP’s analysis of the timing of reversals of the Earth’s mag- 
netic field’ supports some earlier findings of periodicity of the 
order of 10’ yr*’, although others found that the data were not 
inconsistent with random timing”. Discrepancies among studies 
and the accuracy of any individual study could depend on 
differences among the several magnetic reversal data sets ana- 
lysed®’. However, I consider here the application of the 
methodology and not the differences among data sets. The 
reversal record of Harland et alf analysed by Raup is used 
throughout this study. 

The method used by Raup? was developed independently by 
Raup and Sepkoski'® and Stothers'’. It has the advantages that 
it is not strongly sensitive to missing data and that confidence 
levels can be generated via a ‘bootstrap’ technique. The basic 
method has also been applied to the timing of biological extinc- 
tions'®’?, tectonic episodes’’, sea-level changes'*, certain types 
of igneous activity'’, meteorite impacts? and solar activity!!. 
Because geologists, biologists and astronomers all have an inter- 
est in these results it is appropriate to consider the validity of 
the statistical methods used and the conclusions which can be 
drawn from them. 

In Raup’s method the measure of periodicity is taken as the 
dispersion of observed events around the events predicted by a 
linear model, t= ty + nP, where t is the predicted age, ty is the 
age of the most recent predicted event, termed the phase, P is 
the time between predicted events, termed the period, and n is 
an integer (n=0,1,2,...). A computer algorithm searches for 
the phase that minimizes dispersion for each period over a range 
of trial periods. 


Circular model of periodicity 


A conceptually more simple and computationally more efficient 
model is circular rather than linear. A time line can be ‘wrapped’ 
around a circle, the circumference of which represents a trial 
period. A series which is not periodic will tend to plot uniformly 
around the circle regardless of the trial period selected. A 
periodic series, however, will tend to form a cluster at one point 
on the circumference when the correct trial period is used. The 
angular location of the cluster relative to 0° (the present) gives 
the phase. The location of the cluster can be calculated analyti- 
cally, thus eliminating a time-consuming search. 

Ages of individual events, t, are converted into angles, a,, for 
each trial period P: 


a, = (27t,/ P) mod (277) 


where i ranges from 1 to N, the number of events. The phase 
which minimizes dispersion for a period is: 


fo = (P/22r) tan™' (S/C) 


where S=(% sin a,)/ N and C= (È cos a,)/ N. A complete sum- 
mary of the mathematics of circular transformations of linear 
data and circular statistics is given in ref. 14. 

A residuals index"! which is maximized when dispersion is 
minimized has been used as a measure of periodicity in the 
linear case. Peaks in a plot of residuals index against trial period 
(Fig. 2 in ref. 1) indicate periods for which there is some cluster- 
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Fig. 1 Cuircular mean vector magnitude (R) plotted against trial 
period to show wrapping peaks. The data consist of 296 events 
spaced regularly at 0.56-Myr intervals, thus duplicating the number 
of events and the record length of the Harland et al. reversal series® 
The amplitude of these peaks increases linearly with period. The 
locations of peaks determined by Raup? are shown as vertical bars. 
The correction for the wrapping effect described in the text reduces 
the R values for the pseudo-uniform data below the level of the 
horizontal dashed line. 


ing of data. An analogous measure (the circular mean vector 
magnitude) and an analogous plot is used here in application 
to the circular model. The mean vector magnitude is calculated 
as: 


R=(S?+ C7)? 


Raup’ suggested that the statistical significance of a residuals 
peak can be estimated by comparing its amplitude with the 
distribution of peak amplitudes generated by analysis of Monte 
Carlo randomizations of the observed reversal record. His analy- 
sis yielded one highly significant peak with a period and phase 
(30 Myr starting 165 Myr ago) which was interpreted as a 
stationary periodicity in magnetic reversal frequency. 

Straightforward application of the circular method to the 
reversal data of Harland et al.® yields results virtually identical 
to those obtained by Raup‘ on the same data, suggesting that 
the two methods are truly analogous. Here, the application of 
such an analysis to the reversal data is reconsidered in terms of 
the accuracy of the results and the interpretation of results as 
evidence for a 30-Myr periodicity. 


Record length effect 


The accuracy of the analysis is affected by the finite length of 
the time series, an effect that can be deduced from the circular 
model. If the length of the series is an integral number of times 
the trial period, the series wraps around the circle so that all 
portions of the circumference are covered by the same number 
of wraps. However, in the general case some portion of the 
circumference is covered by one more wrap than the complemen- 


d>» 


t 


NATURE VOL 317 3 OCTOBER 1985 





20 30 40 50 
Period (Myr? 





160 


80 
Age (Myr BP) 


Fig. 2 a, Analysis of the Harland et al. reversal data® using the 
wrapping correction. The peaks are numbered by the number of 
events predicted over the length of the data record, ~~~ - and 
-.-. -~ show the 95% confidence level based on 100 and 400 
randomizations, respectively, of the observed data. b, Ages of 
events predicted by each of the peaks shown in a. The vertical 
dashed lines show the mean ages of events which are predicted 
coherently by all of the peaks. 


tary portion. For example, for a trial period of 30 Myr a 160-Myr 
series wraps five times around most of the circle but six times 
around a third of it. Therefore, in the general case the density 
of events along the circumference is not uniform even if the 
data are uniformly distributed in time. 

The problem arises when many events occur per cycle of the 
hypothesized period and thus when there is a periodic variation 
in the frequency of events rather than in the occurrence of 
individual events. Clearly, the analysis of the reversal data is 
affected as the average interval between reversals is 0.6 Myr 
whereas the periodicity hypothesized is of the order of 30 Myr. 
The wrapping problem is most obvious in the context of the 
circular model but affects the linear analysis in a similar way. 
Previous work’!°~!3 has apparently not dealt with this wrapping 
effect. 

To demonstrate the wrapping effect, a time series was con- 
structed that consisted of the same number of events as the 
reversal record of Harland et al.° but distributed uniformly over 
the same time span. This series obviously does not contain a 
periodicity of ~30 Myr and can be referred to as pseudo-uniform 
on that scale. The circular mean vector magnitude (R) plotted 
against P (Fig. 1) shows a regular series of peaks that results 
entirely from wrapping. The wrapping peaks occur at periods 
for which the amount of extra wrap on the circle is slightly <0.5 
times the circumference. Amplitudes close to zero occur when 
there is no extra wrap. 

The locations of peaks given by Raup (Fig. 2 in ref. 1) are 
closely and consistently correlated with the wrapping peaks, as 
shown here in Fig. 1. However, the amplitudes of the peaks for 
the reversal data are 2-3 times larger than those of the wrapping 
peaks and do not increase linearly with period. Thus, the length 
of the reversal record does produce a wrapping effect, but this 
effect cannot entirely account for the size and distribution of 
the peaks for the reversal data. 


ARTICLES——___———_ 


~ 
3 
$ 
š 
$ 
3 
a 
, 
+ 


No of events 





150 
Age (Myr BP} 


Fig. 3 Numbers of events per cell for the magnetic reversal data 

of Harland et alf (dashed line, 296 events) and one set of data 

simulating the long-term variation (solid line, 292 events). The 

events have been summed into 20 histogram cells, each with a 

width of 8.27 Myr, which span the reversal times series to illustrate 
the dominance of the long-term variation 


A correction for the wrapping effect involves weighting the 
data so that if there are m complete wraps and m+ 1 extra wraps 
then all data which fall in the region of m+1 wraps are given 
a weight of m/(m-+1) relative to unit weight for the other data. 
This procedure reduces all variation for the pseudo-uniform 
data to a level below the horizontal dashed line in Fig. 1. The 
correction works well for pseudo-uniform data and as it is 
certainly an improvement over the uncorrected analysis it will 
be used in all subsequent analyses presented here. 

The correction for wrapping does not have a strong effect on 
the locations or amplitudes of peaks for the reversal data 
(Fig. 2a). The 30-Myr peak is even more dominant than in the 
uncorrected analysis. Two lines representing the 95% confidence 
level were determined based on 100 randomizations (- - - -, 
Fig. 2a) and on 400 randomizations (- - - - - ) of the data using 
different sets of random numbers. Both lines have similar ampli- 
tudes and vary similarly as a function of trial period. There is 
no indication that more than 400 randomizations are required 
to form a good estimate of the 95% confidence level. Some real 
variation in this level clearly occurs, with higher values more 
typical for periods >40 Myr. Raup’s’ empirical procedure of 
using a single 95% value independent of period may be 
improved on; confidence levels can be calculated at each trial 
period. 


Long-term variations 


In contrast to the results without the correction, two peaks at 
30.6 and 39.0 Myr exceed the 95% level (Fig. 2a). In one sense 
these peaks have statistical significance but their interpretation 
in terms of a stationary periodicity should not be accepted 
without considering the effects of long-term variations in the 
frequency of magnetic reversals. In addition to the hypothesized 
30-Myr period in the reversal data there is an unambiguous 
variation in reversal frequency on the scale of 150 Myr (Fig. 3; 
see also Fig. 1 in ref. 1). Reversal frequency is very high near 
the present, peaking ~8 Myr ago and being high ~160 Myr ago, 
both times near the ends of the Harland et al. record®. McFadden 
and Merrill? have suggested a continuous linear decrease in 
frequency from 160 Myr ago to the Cretaceous quiet period 
followed by a linear increase in frequency from the quiet period 
to the present. 

The effect of such long-term variations in frequency on the 
periodicity analysis was tested by generating data that simulate 
the long-term variation without introducing any coherent short- 
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Fig. 4 a, Analysis of 292 events generated to simulate the long- 
term variation of the reversal data shown ın Fig. 3. (See text for 
description of the simulation model.) The numbers above the peaks 
are the number of events predicted over the length of the data 
record. The dashed line shows the 95% confidence level based on 
100 randomizations of the data. b, Ages of events predicted by the 
peaks shown in a. The vertical dashed lines indicate the mean ages 
of events predicted coherently by all the peaks. 


term variation. Intervals between events were generated using 
y variates with a shape parameter of 2 to reduce the numbers 
_of unrealistically short intervals. The mean length of intervals 
was varied sinusoidally with frequency maxima modelled at 8 
and 161 Myr ago. The y density was adjusted to produce 
-approximately the same number of events as the observed 
“ reversal record and to simulate the long-term variations in 
frequency (Fig. 3). Several sets of such simulated events were 
analysed with similar results. A typical example of such an 
analysis (Fig. 4a) has peaks nearly identical in location to those 
in the actual reversal analysis (Fig.2a). One of the peaks 
(47 Myr) exceeds the 95% confidence level. 

The locations of events predicted by the period and phase of 
each peak are shown in Fig. 4b. The ages of the predicted events 
are highly variable from one peak to the next, with the important 
exception that each peak predicts events close to 8 and 157 Myr. 
These times correspond closely to the times when the frequency 
of events is high, suggesting that the location of each peak 
reflects a harmonic of the long-term variation. An identical 
correspondence exists for the events predicted by peaks in the 
reversal record (Fig. 2b). Because the peaks for the simulated 
data correspond well with those for the reversal data, a test 
should be made to determine whether the 30- and 39-Myr peaks, 
as well as the others, are harmonic peaks unrelated to periodicity. 

The period and phase of harmonic peaks should be directly 
related to the length of the long-term variation and the location 
of the frequency maxima relative to the present. A test of the 
reversal data can be made by systematically truncating the series 
from the recent end, that is, if short sections of the record are 
removed there should be a shift in the period and phase of 
harmonic peaks, whereas peaks related to true periodicities in 
the data should not be affected. 

Analyses of reversal data were made anes successively remov- 
ing 3-Myr portions of the record, starting at the present and 
moving back to 21 Myr BP, yielding a total of eight analyses. 
The period and phase of each peak shifts as expected for 
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Fig. 5 Variation of phase and penod of peaks that results from 
successive truncation of the reversal data. Dashed lines connect 
peaks for a single analysis; number of Myr removed is indicated 
at the mght-hand end of each line. Solid lines show how the period 
and phase of each peak change Thus, the 0-Myr line shows the 
period and phase of the peaks in Fig.2a (the analysis of the 
untruncated series) and the solid lines show how each peak is 
affected by progressive truncation of the data set. 
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Fig. 6 a, Analysis of the 213 events in the reversal series truncated 

at 18 Myr. Dashed line, 95% confidence level based on 100 ran- 

domizations of the data. b, Locations of predicted events are 

controlled, strongly by the old end of the series because the high- 

frequency portion of the record from 0 to 18 Myr has been almost 
eliminated. 


harmonic peaks (Fig. 5). The period decreases systematically in 
response to the decreasing time span between the large frequency 
maxima close to the ends of the record. The phase increases 
systematically as a result of eliminating the most recent portion 
of the record. The changes in the period and phase of all of the 
peaks are consistent with their origin as harmonics; there is no 
indication of a true periodicity. 

The lack of periodicity is supported by the amplitudes of 
peaks for the reversal record from 18 to 170 Myr ago (Fig. 6a). 
There is no longer one dominant peak but four peaks which 
equal or exceed the 95% confidence level (15.2, 23.0, 28.8 and 


NATURE VOL 317 3 OCTOBER 1985 


32.2 Myr). The locations of events predicted by the peaks 
(Fig. 6b) are controlled by the ends of the series, especially at 
160 Myr as the frequency near the recent end of the record has 
been reduced by the truncation procedure. 


Conclusions 


In summary, the minimum dispersion method of analysing time 
series for periodicity can be performed most efficiently by means 
of a circular, rather than a linear, model. However, when events 
occur frequently throughout a predicted cycle, a correction must 
be made for the wrapping effect. For the magnetic reversal data 
this correction changes the significance levels reached by the 
peaks. The confidence levels determined by randomization of 
the observed data sequence vary as a function of period and 
should be calculated at each trial period. 

The peaks for the reversal data originate as harmonic peaks 
which are controlled by the long-term variations in magnetic 
reversal frequency. Such control is indicated by the shift in the 
phase and period of all the peaks, including the 30-Myr peak, 
as the data are truncated. If the most recent 18 Myr of the 
reversal data are deleted, four peaks rather than two reach the 
95% confidence level. 

The dispersion between predicted and observed events ts not 
a valid measure of periodicity when there are long-term vari- 
ations in frequency on the scale of the record length. The 
statistical significance of a peak as determined by comparison 
with randomized data series is not a valid test for a periodicity 
in the data. Randomized distributions only provide an idea of 
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how ‘special’ the observed distribution ıs with regard to disper- 
sions. Dispersion is a function of both periodicity and harmonic 
effects; statistically unusual dispersions (large peaks) can result 
from either cause. In conclusion, dispersion analysis cannot be 
used uncritically as a rapid means of finding periodicities in 
complex data sets. 

Rampino and Stothers’’ have presented dispersion analyses 
suggesting that periodicities of ~33 and 260 Myr dominate the 
Phanerozoic “geological and biological upheavals”. As they 
suggest that variations in the frequencies of their events occur 
on the scale of 260 Myr it could be that the 33-Myr signal is 
harmonic in origin. Furthermore, the long-term periodicities are 
not well defined (Table 3 in ref. 13) and may simply represent 
long-term aperiodic variations. 

Raup and Sepkoski'° apparently avoid the problems discussed 
here because their analysis deals only with the locations of peaks 
in extinction rate defined by independent means, and not with 
the extinction rates themselves. However, the extinction rates 
vary considerably with relatively high rates in the Triassic and 
early Tertiary but with lower average rates in the intervening 
Jurassic and Cretaceous. Future work which may deal directly 
with the extinction rates must consider the effect of this long-term 
variation on evidence for periodicity on the scale of 30 Myr. 
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It is possible that small droplets of quark matter, larger than 
ordinary nuclei, exist in nature’. These ‘nuggets’ could be present 
in the Universe and provide one explanation for the dark matter. 
This suggestion is quite attractive since, unlike the case of adiabatic 
fluctuations of nucleons, it provides’ matter fluctuations at galaxy 
scale and thus leads to a natural explanation for the formation 
of galaxies from primordial fluctuations. These nuggets, a form 
of baryonic matter, can be expected to interact strongly with 
nucleons. The question remaius of whether the predicted primordial 
nucleosynthesis of the light elements could, in the presence of 
nuggets, still be consistent with the tight observational constraints. 
Here we examine the possibility of obtaining the observed yields 
of the light elements in an Q = 1 baryonic universe where a sizeable 
fraction of the matter is in the form of quark nuggets. Three 
different cases can be considered: (1) nuggets that are more stable 
than nuclei; (2) metastable nuggets with a long lifetime; and (3) 
unstable nuggets decaying into nucleons. Present models of primor- 
dial nucleosynthesis, which assume that the baryonic component 
of the universe is in the form of nucleons, predict abundances of 
D, *He, “He and "Li favouring an open universe—that is, one 


expanding forever. In these models the baryonic density p, rep- 
resents only a very small fraction of the critical density p, and 
corresponds to a cosmological parameter £}, = p,/p, ranging from 
5x10~° to 0.1. If the inflation schemes? implying Q =1 are 
supported by further cosmological evidence, one might be faced 
with reconciling a dense universe with the results of primordial 
nucleosynthesis. There are, in this case, two ways to make 
nucleosynthesis consistent with the observations: either there is a 
very large fraction of non-baryonic matter (massive neutrinos or 
other hypothetical particles), or in a purely baryonic universe, 
there are non-standard nuclear reactions that modify nucleosyn- 
thesis yields. This could be the case* if hypothetical massive 
neutrinos or gravitinos existing during the first 10*-10°s of the 
universe decay into energetic photons inducing a partial photodisin- 
tegration of “He into D and “He which would be otherwise under- 
abundant. In this study the non-standard reactions arise due to 
quark nuggets. 

The calculation of primordial nucleosynthesis is made 1n the 
frame of the hot standard big bang. To follow the evolution of 
the abundances of the elements during primordial nucleosyn- 
thesis, we use a numerical code described in ref. 5. Specific 
reactions have been added to the standard scheme in order to 
describe the absorption or emission of protons and neutrons by 
the nuggets Q: i 


nt+Q=Q ptQ=Q (1) 


For baryon absorption, we use the geometric cross-section of 
the nugget Q plus a Coulomb barrier for protons. The emission 
rate of baryons by the nuggets is treated in a standard way. The 
fission lifetime is proportional (as it 1s for the fission of ordinary 
nuclei) to the time the emitted particle needs to cross the nugget, 
multiplied by the relevant energy barrier factors®. In the case 
of metastable nuggets, an energy barrier for both reactions due 
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to the non-zero strangeness of the quarks in the nuggets has 
been added. The average baryon number of a quark nugget is 
denoted A. This value can be obtained from the theory of quark 
bags’ but is still uncertain by many orders of magnitude. We 
thus take A as a free parameter of our calculation. The most 
probable baryon number of a nugget is A, but fluctuations may 
occur around this value and allow the existence of nuggets 
differing from the most probable one by several units of baryon 
number, with negligible energy cost. This in turn allows reactions 
(1) to occur. Secondary reactions among nuggets by changing 
their number will, however, ensure that their average baryon 
number remains the most probable one, A. In all cases of interest, 
equilibrium of reaction (1) is reached at T = 100 MeV, that is, 
after the quark-nucleon phase transition and before nucleosyn- 
thesis. Keeping the notation Q, for the ordinary baryonic matter, 
and defining Qaug as the fraction of matter in nuggets, the 
equilibrium abundances can be roughly evaluated from the 
equation: 


d Qs y aug OQ, 
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The emission rate behaves as 
C1 
Amna ae No Aw (3) 


where ng is the baryon number density (~ 10°’ cm~*) in a nugget, 
R the nugget radius, and 7 ~0.1. The absorption rate is esti- 
mated using the geometrical cross-section for particle absorption 


A abs a IR? Nnug( V) X Onugte- A? 


where n,,, is the number density of nuggets in the universe 
(Noug = Anug N/A) and n, (~10* cm™) is the critical density 
closing the universe. For moderately large values of A, the 
equilibrium is thus strongly displaced in favour of ordinary 
baryons. For a very large average baryon number in a nugget, 
however, only nuggets are initially present. In practice, we start 
the calculation at T =100 MeV and use all reactions (1) with 
the relevant rates and energy barriers, as described above. This 
population then quickly evolves tn-whatever equilibrium stage 
is implied by these rates. 

We first consider the case of stable quark nuggets. This implies 
a factor ~e °/*" for the emission of a baryon where e is the 
binding energy difference (per baryon) between quark matter 
and nucleons. At large enough temperatures, however, this factor 
is ineffective. So, for A <10", only baryons are present and 
primordial nucleosynthesis occurs in the standard way. For 
A> 10!8, the equilibrium is displaced in favour of the nuggets. 
For 10!°< A<10'8 there is an intermediate situation in which 
both baryons and quark nuggets are present at the time of 
nucleosynthesis. The important role of the Coulomb barrier in 
this network of reactions should be emphasized. The rates for 
n==p and nt+p->dt+ty are very large. So, as soon as nucleons 
are emitted by the quark nuggets, they transform into protons, 
and possibly into nuclei with the usual relative abundance n/p. 
At the lower temperatures, when the energy difference between 
quark nuggets and nucleons starts to play a role, quark nuggets, 
being the more stable element, should normally absorb the 
baryons again. This is prevented because all the baryonic matter 
is in the form of protons (or light nuclei) at this stage. The 
calculation of the fraction of baryonic matter emitted by the 
nuggets under the assumption that it cannot be transformed 
back into quark matter leads to. 








0,/A=1-e~ (4) 
with: f 
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\that is, an exponentially rapid transition at A~A,,,, between 
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Fig. 1 Results of primordial nucleosynthesis in the case of stable 
nuggets with an 11=1 universe. The fraction of baryonic matter 
in the form of nucleons Q, (lower scale) is solely determined by 
the size A (upper scale) of the quark nuggets—equations (4) to 
(6). The abundances of the light elements, which depend on the 
parameter A, are thus also a function of Q. The boxes indicate 
the area allowed by observations for each of the species All the 
observed abundances can be Obtained simultaneously when our 
unique parameter A is chosen to be ~10'’. This leads to the 
prediction that Q,~ 0.02 and 0,,,,~ 0 98 


a universe made only of baryons and a universe made only of 
quark nuggets. This is confirmed by the actual numerical calcula- 
tions. The high rate of proton and deuteron formation ensures 
that to a fair approximation the nucleosynthesis occurs as if 
one were in a universe with cosmological parameter 0, the 
Q-Q, nuggets being just spectators. This is confirmed by a 
calculation shown in Fig. 1 which demonstrates the D, He, He 
and ’Li abundances as a function of the parameter Q, which is 
the baryon fraction of the Q = 1 universe corresponding to our 
choice of A. A modification of the value e that determines the 
energy barrier is of little importance. Provided that it allows the 
baryons to exist at T~100 MeV, it would merely change the 
relation between Q, and A, not that between the calculated 
abundances and (,. We thus conclude that even for quark 
nuggets that are more stable than the nucleons, an appreciable 
fraction of matter can be in the form of baryons, and that the 
observational requirements D/H ~ 4x 107°, *He/H ~ 1.4107, 
*He/H ~0.08, “Li/H~107'® can be met provided Q, has the 
proper value Q{%* = 0.02. This implies that 98% of the matter 
of the universe is in the form of quark nuggets. However, it 
requires an adjustment of the nugget size that has to be close 
to Aran SO as to lead to the desired proportions of baryons and 
nuggets. This is true also for an <1 universe, for which the 
adjustments to be made are nearly the same. Starting with 
2 = 0%" is also consistent with the observed abundances, pro- 
vided AÁ < Aran S0 as to ensure that all the matter is in the form 
of baryons at the time of nucleosynthesis. 

The case of metastable nuggets, for which there is an energy 
barrier slowing down the exchanges with nucleons, is rather 
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Fig. 2 Results of primordial nucleosynthesis in the case of 
unstable nuggets with an (2=1 universe. The abundances of the 
light elements are plotted as a function of our unique parameter 
A, the baryon number of a quark nugget, which characterizes the 
size of the latter. The boxes indicate the area allowed by observa- 
tions for each of the species. There is no value of A for which all 
observed abundances can be obtained simultaneously. 


similar to the previously discussed case, the introduction of a 
potential barrier having only the effect of modifying the value 
of e in equation (6). If, however, these nuggets decay before 
galaxy formation (say, z > 3), the new baryonic matter that they 
provide should be incorporated into the yields calculated in 
Fig. 1. The corresponding mass fraction would then be reduced 
by a factor of ~0.02/0,, making any agreement with observations 
quite difficult for the tHe abundance. On the other hand, their 
decay at z<3 would not change the fractional abundance of 
the light elements in galaxies, where the observations are made. 
Such a high energy input (about e = 10 MeV per baryon) at so 
late an epoch could have observable effects (such as temperature 
of the intergalactic gas). 

We now consider the results (Fig. 2) for the case in which the 
quark nuggets are unstable and decay into nucleons. At tem- 
peratures ~100 MeV, an equilibrium similar to that encountered 
in the ‘stable case’ is reached between nuggets and baryons. 
There is, however, a temperature below which only baryons 
survive. For A<10'°, this occurs before the nucleosynthesis 
‘epoch; for Q=Q6® (~0.02), these values of A lead to the 
standard nucleosynthesis rates, and the standard limits on 0 
still apply. For A> 10%, on the other hand, the nuggets decay 
into baryons at so late an epoch that the low density of the 
expanding universe prevents any of the nuclear reactions from 
occurring. This would lead to a universe made of protons alone. 
For intermediate values of A such that 10'°°< A < 10°, emission 
(equation (2)) by the nuggets occurs during the nucleosynthesis 
epoch. Neutron emission especially is important, because the 
Coulomb barrier for protons is rather effective and the n>p 
reaction rather slow. The nuclear reactions thus proceed with a 
n/p ratio much larger than 1, leading to “He/H> 1. For A> 10”, 
however, the baryon emission occurs late enough, at an epoch 
in which the density is so low that the formation of nuclei starts 
to be suppressed. There is obviously an epoch (A~107') in 
which the *He/H abundance is equal to the observed value 
(Xu ~ 0.72, Xue ~ 0.22). Due to the lower nuclear reaction rates, 
however, D and *He are then more abundant than is usual 
(Xp~ 5X107? and X3,,;.~2 1077) whereas the Li abundance 
is quite low (X,,~5 X107?°), a value consistent with the current 
observations of population [I stars). The overabundance of D 
does not constitute a major difficulty as there are scenarios of 
galactic evolution in which D can be thoroughly destroyed 
during the normal course of the history of a galaxy®. But a factor 
of ~100 would be difficult to obtain. The relative overabundance 
(two orders of magnitude) of *He is more problematic, since 
there is no obvious mechanism that would destroy this less 
fragile nuclear species. 

Conversely, if we choose A so as to obtain an acceptable 
value (D/H~10*, *He/H~5X10-°), the *He abundance is 
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either much too large (*“He/H~10 for A= 10!) or too small 
(*He/H=107* for A=1072). A more careful examination of 
Fig. 2 shows that the problem is due to the existence of a fairly 
high plateau in the D and *He yield for A between 10’® and 
10°. The question must then be raised of how such a prediction 
depends on changes in some of our reaction rate parameters. 
This is still under study, but preliminary results show that this 
prediction is fairly insensitive to the assumptions made. This is 
merely due to the fact that in the presence of a source of neutrons 
one can only make D, then *He with acceptable yield when the 
density of the universe is low at the time the neutrons are 
produced. This then leads to the D and *He problem. The same 
difficulty is encountered with any scenario based on a high value 
of Q. Since, however, OQ ~ 0.02 leads to the standard values for 
the abundances of the light elements, there is obviously some 
region, say Q= 1 and nuggets with baryon number A = 10"°, in 
which the values of the calculated abundances remain accep- 
table. 

There are, therefore, several cases in which nucleosynthesis 
in the presence of a primordial population of quark nuggets 
leads to the observed abundances of light elements. If the baryon 
number A, which is not really constrained by the physics of 
quark nuggets, is smaller than 10°°, nucleosynthesis occurs in 
the presence of nucleons only, and the standard yields as well 
as the known limits on Q apply in all cases (stable, metastable 
or unstable nuggets). Where the baryon number of a nugget is 
larger, there is the possibility of having an (2=1 universe with 
predicted abundances of the light elements that are comparable 
to the observed values in the case of stable (or possibly metast- 
able) quark nuggets. For unstable nuggets, the calculated abund- 
ances are somewhat at variance with the observations because 
of their decay into nucleons during nucleosynthesis. It is impor- 
tant to note that these conclusions are to a large extent indepen- 
dent of the physics of the quark-nuclear phase transition in the 
early universe. Provided that equilibrium is reached at some 
temperatures between 10 and 100 MeV, the fraction of quark 
nuggets before nucleosynthesis is solely determined by the size 
of the nuggets and their probability of decay into nucleons. 
Therefore the possible existence of these quark nuggets provides 
another way to reconcile the early nucleosynthesis with a closed 
universe. 
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Two experimental groups’? working at different minimum energies 
have reported underground muons coming from the direction of 
Cygnus X-3 with rates that vary in synchrony with its binary period. 
The depths involved are such that the muons have energies of the 
order of 1 TeV for the shallower’ and several TeV for the deeper? 
detector. Such observations, if verified, would require a new particle 
or a new physical process’. Here we explore our earlier suggestion? 
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Fig.1 Angular distribution of underground muons generated by: 

cosmic rays through pion and kaon decays (lower solid line); E~? 

signal through pion and kaon decays (upper solid line); promptly 

with different cross-sections by E~? signal (dashed lines). Depth 
is 2km water equivalent (km WE); b, barn. 


that the new signal carrier could be a neutral bit of quark matter, 
condensed and stabilized by strange quarks. We also consider 
other, more general explanations and conclude that it is exceed- 
ingly difficult to find a self-consistent explanation of the observa- 
tions. ‘ 

Cygnus X-3 is at least L* =10kpc from Earth. This is >10* 
gyroradii in typical galactic magnetic fields for particles with 
rigidity <10°GVc™', so the progenitors of the underground 
muons cannot be charged particles If these events were caused 
by neutrons with enough energy to reach the Earth from this 
distance, their flux would be easily observable in high-energy 
cosmic rays, where they have not been seen. Similarly, y rays 
are ruled out as primaries because there are too many muons 
observed for them to have been generated by an acceptable 
number of ganimas” (unless gammas at high energies have 
unexpectedly high probabilities of producing muons). Neutrinos 
are eliminated as a possible primary by the substantial zenith- 
angle dependence of the experimental rates and by the enormous 
luminosity at the source that would be required to produce a 
signal ın small detectors®. Therefore, if the effect is real it must 
be caused by some rather exotic primary. 

The muons ın the peak arrive within a rather narrow time 
period, ~30 min Maintaining this time correlation gives another 
constraint on the particles. The time delay between the arrival 
of two particles which left Cyg X-3 at the same time is 


L*(y7?— y2")/ (2c) 


Since this time difference cannot exceed 30 min, the primaries 
must either be nearly monoenergetic or else the Lorentz factor 
must exceed 10*. As one increases the minimum energy of the 
observed particles, the last particles must be arriving earlier and 
the width of the peak should get smaller if the mass is near the 
limit. There is even some indication of such a tendency in the 
data’. If the underground signal is due to muons produced in 
the atmosphere, the minimum energy per parent hadron must 
be sufficient to produce muons that can penetrate to the detector. 
Unless the energy is much greater than this minimum, the above 
constraint on the Lorentz factor then requires the mass of the 
parent to be less than or of the order of 1 GeV. It is difficult to 
believe that a long-lived particle of this mass, capable of produc- 
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Fig. 2 Interaction rates (per ktonne yr) of signal carrier with a 


flux of 107'° cm~? s™} versus interaction cross-section o. Depth is 
2km WE. 


ing muons in atmospheric interactions, would have been over- 
looked in accelerator experiments. 

One possibility is that the parent primaries might be nuggets 
of quark matter*. There are theoretical reasons for believing that 
such objects might exist and be stable for certain ranges of 
mass’. Furthermore, they might be produced in high-energy 
processes’? around a compact quark star’’. One would then 
expect comparable numbers of up, down and strange quarks so 
that stable states would tend to be nearly neutral’. Only charged 
nuggets could be accelerated, so the neutral beam would have 
to be produced by charge-changing collisions in the ambient 
matter of the source after acceleration. Correspondingly, the 
required power at the source must be increased by a factor 1/ F, 
where F is the fraction of nuggets that are neutralized by such 
collisions. A high content of strange quarks would lead to 
enhanced kaon production in the atmosphere and thus to a 
relatively high yield of muons. Quark globs of the right mass 
and energy could penetrate deep in the atmosphere and explode 
to give rise to Centauro events’*. A specific version of a stable 
ensemble of quarks has been suggested some time ago which 
could be relevant in the context of underground signals from 
Cyg X-3 (ref. 13) (but not for Centauro events). This is the 
di-lambda, a bound dihyperon state of 2u, 2d and 2s quarks. 

A. M. Hillas (personal communication) has pointed out that 
the surface air shower signal from Cyg X-3 puts a significant 
constraint on models which would produce the muons by inter- 
actions of nucleon-like objects in the atmosphere: assume such 
parent ‘nucleons’ are bound in aggregates of mass number A. | 
These particles will also produce air showers. To be consistent 
with the observed air shower signal, dF tace/dE, one then 
requires 


Cyg X-3 underground signal < | N „(> E {d Furtace/ dE] dE 
AEn 
where N, is the number of muons per primary of total energy 
E that have sufficient energy to penetrate to the detector. The 
differential surface flux from 1 TeV (refs 14-16} to 1,000 TeV 
(refs 17, 18) is ~41078/ E? cm? s7! GeV". Using an Elbert 
formula’? for underground muon yield from incident nuclei*®, 
we find a bound on the underground signal from Cyg X-3 of 
1.3 X107° (Esey)? cm~? s7', where Egey is the minimum muon 
energy for the underground detector. For Soudan (Egey = 650), 
this bound is 3x107}? cm~? s~? and for Mont Blanc (Esey = 
3,400), 1071? cm7? s7}. In contrast, the reported signal at Soudan 
is ~7x107'! A flux is not stated for the signal at Mont Blanc, 
but an estimate can be obtained from a comparison of sig- 
nal/background ratio with the background flux of single atmo- 
spheric muons in the angular region around Cyg X-3 Such an 
estimate gives of the order of 107'' cm™*s~*. Thus the under- 
ground signal appears to be at least a factor 20 too high to be 
induced by nucleons. Conversely, the parent hadrons must be 
at least 10-20 times more prolific at producing muons relative 
to air showers than are nucleons. In view of the quark matter 
suggestion (for which kaon and hence atmospheric muon pro- 
duction should be enhanced), we ran the cascade simulation of 
ref. 20 for incident lambda hyperons, forcing production of a 
leading kaon at each lambda interaction. The muon production 
was enhanced by a factor <2 relative to nucleons, so even in 
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this case there is a problem of consistency with the surface air 
shower fluxes. 

A conceivable way out Is to arrange the interaction length of 
the parent to be comparable with or greater than the thickness 
of the atmosphere so that production of the signal occurs too 
low for air shower production (that is, mostly in the Earth). In 
this case, however, muon production must be prompt, which 
would require a signal carrier other than a quark nugget. 

One can, in principle, use the energy-dependence of the signal 
implied by the different depths of the experiments to determine 
whether the muon production is prompt or atmospheric through 
pion and kaon decay. In the latter case, the signal should be 
suppressed by an extra power of Egev as the depth increases 
due to time dilation of the parent pions and kaons. If the 
spectrum of the carrier from the source is E~* (differential) one 
would expect the ratio Soudan/ NUSEX underground signal = 5 
for prompt, and = (5)? for atmospheric pion and kaon decay. 
The ratio of the observed fluxes quoted above is closer to 5, but 
the analysis is inconclusive because we have not taken account 
of the complex variation of the overburden in the line-of-sight 
to Cyg X-3 as it passes across the sky at Mont Blanc. 

Assuming that the underground muons are produced by inter- 
actions of a new particle in the rock, one can ask what the 
cross-section would have to be to avoid producing too many 
contained events in the nucleon decay detectors (J. C. van der 
Velde, personal communication). A separate constraint is the 
observation that the angular dependence of the signal is similar 
to that for atmospheric muons. Thus, production must be near 
the surface, which places a lower limit on the cross-section. 
Figure 1 shows the angular distribution of underground 
muons produced in the atmosphere through pion and kaon decay 
compared with the distributions expected for prompt production 
with various cross-sections. The smaller the cross-section, the 
more nearly isotropic is the angular distribution of the signal 
because the muon production occurs deeper in the rock. 

Similarly, the rate of contained interactions that originate ın 
a large underground detector can be plotted as a function of 
cross-section. For large cross-sections the deep detector 1s 
shielded by the rock. For very small cross-sections the interaction 
rate per unit volume becomes too small for detection. The 
resulting interaction rate is shown in Fig. 2 From Figs 1, 2 it 
appears that consistency with the observations requires a cross- 
section for prompt muon production >0.01 mb (107° cm’). 

Even if a new neutral particle with appropriate properties is 
postulated, one is still left with the problem of explaining the 
fact that the signal in ref. 2 has an angular width several times 
the resolution of the detector. If one attempts to explain this by 
production of secondary muons with characteristically large 
transverse momentum, one would expect the events at the shal- 
lower detector to be even more spread out, whereas the opposite 
is observed (L. D. McLerran, personal communication). It 
appears difficult, therefore, to account for the observation of 
signals from Cyg X-3 deep underground. 

This research was supported in part by the US Department 
of Energy and by the NSF. 
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In supersymmetric (SUSY) theories’, the photino is the fermion 
partner of the photon and is expected to be the lightest stable 
particle. Despite many discussions of the possible production of 
photinos, and other supersymmetric particles, at existing and 
proposed accelerators’, so far, experiments have only set limits**. 
We propose here that photinos are produced by sources of ultra- 
high-energy cosmic rays. We specifically consider Cygnus X-3, 
which is a powerful source of neutral particles up to 10* TeV (refs 
5-8). These are usually assumed to be y rays, but there is no direct 
evidence for this, and shower and underground”? experiments 
suggest that there may be another component present. Here we 
estimate that a photino flux of the order of 10~'* cm? s™* above 
10 TeV is possible from a source such as Cyg X-3, under certain 
conditions, and consider the feasibility of detecting these photinos. 

Whatever the neutral particles, they probably result from the 
decay of hadrons produced by protons accelerated by a compact 
object, such as a neutron star, and striking a considerable 
thickness of matter (~50 g cm™°) along the line-of-sight to 
Earth’’. Photinos would occur by the production and decay of 
gluinos. Several factors make this proposal feasible. First, the 
cross-section for the production of pairs of gluinos in proton- 
proton (pp) interactions is relatively strong, depending on the 
gluino mass, and rises rapidly with energy’”"'*. The gluino 
decays into a photino plus a quark pair before interacting. The 
photino can readily escape the matter surrounding the source, 
but may have a sufficiently high cross-section for detection at 
the Earth to be feasible. 

In a previous paper’’, the one-dimensional diffusion equation 
was used to calculate the yrays and neutrinos which would 
emerge from a source of very high-energy protons, through the 
production and subsequent decay of pions in the matter along 
the line-of-sight to Earth. Here we follow a similar procedure, 
applying the same equations to gluinos and photinos by analogy. 

The source is assumed to emit protons with a differential 
power law spectrum N,(£,)=N,(1)£,°%, with E, the proton 
energy in TeV, cutting off at E>", where N,(£,) is the rate at 
which protons of energy E, are emitted, per unit E,. These 
protons produce gluinos of energy E; by gluon fusion in the 
reaction pp>ggX (refs 12-14), where X are other hadrons. 
Because they are likely to have a sufficiently short lifetime to 
decay before interacting, the gluinos which emerge from a matter 
depth z gem? will be given by a formula analogous to that for 
pions (7°) in ref. 11 such that 


N;(E;, z) = n,N,(1)E3° Az e "a77 ga(Ez) (1) 


where A; is the gluino decay length, œr is the total pp cross- 
section (assumed constant), ną is Avagadro’s number and 
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where x = E;/E,, with Xmın = Ez/ Ep ™, and the integration over 
x is equivalent to the integration over E,. In ref.11, we use 
Feynman scaling to compute g, and g, the corresponding quan- 
tities for y rays and neutrinos, independent of energy. Here the 
gluinos are produced centrally and close enough to threshold 
for this approximation to be invalid, so g will still be a function 
of E;. Let us assume that the gluinos are produced on the 
rapidity plateau, so do;/dx x7". Let us also assume that the 
differential spectral index a =2, as suggested by observations 
and models for cosmic ray acceleration. Then it is easy to show 
that 
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where o;(E;) is the total gluino production cross-section at a 
proton energy E;. 

The photinos which emerge from the matter around the source 
are governed by a diffusion equation analogous to that for y rays 
in ref. 11, except that re-interaction can be neglected. The rate 
of photinos at an energy E; then becomes, in the thick source 
limit narz > 1, < 


1 {? _ E; 
N5(Es) = N,(E5)— | y* ‘se =) dy (4) 
T ¥min y ' 
where y= Eṣ/Eg, with youun= E;/E,;*. Isotopic decay in the 
centre-of-mass has been assumed. 
Thus, we can write N;(E5)= e5(Es)N,(Es), where 


i : Es [Y= n] 
E =l a y ) in(y/ ye) T 1 


is the ‘efficiency’ for protons with an E 7 spectrum to produce 
photinos of energy E 5. 

We use the atmospheric Cerenkov observations around 1 Tev, 
which are probably y rays, to estimate N (E). The differential 
y-ray flux at energy E observed from the source at a distance 
R will be AO 


AiR? 


where D; is the duty factor for the y-ray pulse, AQ is the solid 
angle of the proton beam, and eg, is the ‘efficiency’ for protons 
with a power law spectrum to produce TeV y rays. In the most 
optimum conditions for y-ray production, that is, a column 
density of ~50 g cm’, g, is estimated in ref. 11 to be a constant 
2.5% for an Ez? proton spectrum, with the resulting y-ray 
spectrum having the same power law. Other calculations give 
as much as 10% (ref. 15) but lower efficiencies, and thus higher 
estimates of N,(£), will result when the column density is not 
optimum for y-ray production or when other photon absorption 
processes are present. (In principle, all y-ray attenuation along 
the line of sight is included in £.) We can then estimate the 
photino flux at an energy E from the same source to be: 


5 es( FE 
P(E) = F,(E)o 


Yimin 


F,(E) = «,D,N,(E) (6) 


(7) 
Y 

where the beam solid angle and distance cancel, but the duty 
factor for photinos may be different from that for y rays. - 

The observed y-ray flux from Cyg X-3 above 1 TeV is F,(E) = 
3x107!!! E~? cm s~! TeV‘, cutting off above 10° TeV (ref. 16). 
Using this in equation (7), with e, =2.5%, EP = 10° TeV, and 
assuming equal duty factors, the resulting photino flux is shown 
in Fig. 1, where it is compared with the y-ray flux. We see that 
the photino flux is about 10% of the y-ray flux above 100 TeV 
when the gluino mass M =2-3 GeV, near the current experi- 
mental limit?*. Higher gluino masses will yield correspondingly 
lower fluxes, so this is clearly one critical parameter. The total 
flux integrated over energy is 3X107'* cm~? s~} for M =2 GeV, 
about three orders of magnitude lower than the total y-ray flux 
above 1 TeV, so the main photino effect can be expected only 
at 100-1,000 TeV. Because the observed Cyg X-3 neutral particle 
flux cuts off above 10° TeV, fluxes at these levels are not ruled 
out by recent limits on deeply penetrating particles from the 
Fly’s Eye experiment”. 

There are circumstances which could raise the flux level well 
above these estimates. For example, if there is significant y-ray 
attenuation the source luminosity will be higher than that which 
is estimated from the y-ray flux; astrophysical considerations 
do not rule out proton luminosities 1,000 times higher. Also, 
models of the Cyg X-3 powerhouse (refs 18-23 and V. Berezinski, 
G. Castagnoli and P. Galeotti, unpublished calculations) suggest 
that the duty factor of the neutrino pulse will be perhaps 20 
times higher than that for y rays; the same arguments would 
apply for photinos. 

The detectability of photinos at the level of Fig. 1 may be 
feasible because of the semi-strong nature of the photino interac- 
tion with matter’*. The cross-section, while small, can be greater 
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Fig. 1 The predicted flux spectrum of photinos from Cyg X-3 
using the proton luminosity obtained from y-ray observations, 
with the conservative assumption that conditions are optimal for 
y-ray production and that the y rays are not attenuated, for three 
gluino masses M. The dashed line is the observed flux of y rays. 


than that for neutrinos, which are expected to be produced at 
comparable levels''. The photino interacts with a quark in the 
nucleus through squark exchange, producing a gluino which 
quickly decays into a photino and a quark pair. The cross-section 
depends strongly on the squark mass yp, falling off as ~*; at 
100 TeV it is ~1 microbarn (10~** m) for u = 10 GeV, when the 
squark propagator is properly inserted in the published'*-* 
formula. Because the atmosphere is 1,000 g cem? thick there is 
a very small probability that the photino initiates an air shower 
before reaching the ground. However, such events would be 
distinctive, occurring low in the atmosphere and producing more 
muons than a typical electromagnetic shower. Using the photino 
flux from Fig. 1, the integrated flux of air showers at the surface 
of the Earth has been calculated to be 1x107'’ cm? s~! over 
all energies and 1 x107" cm? s™* above 1,000 TeV. These are 
well below the reported air shower flux from Cyg X-3 of 3 x 
1074 cm~? s7! above 1,000 TeV (refs 5, 6). It would seem that 
a photino interpretation for the observed showers, which do 
appear anomalous in at least one experiment”®, is unlikely. 

For higher squark masses the photino cross-section is lower 
and atmospheric interactions become even more unlikely. 
However, even in that case there may be a reasonable chance 
for interaction in the Earth. Unfortunately we cannot expect 
too many secondary muons; any produced pions and kaons are 
more likely to interact before decaying, so we must rely on 
prompt production, that is, the production and semi-leptonic 
decay of heavy quarks. Prompt muon production in pp interac- 
tions occurs at about the 107* level at accelerator energies and 
is possibly as high as 107° in higher energy cosmic rays”*. There 
is some indication at the CERN collider that charm production 
is much higher than predicted from standard model calcula- 
tions**, and there are some arguments for greater heavy quark 
production in SUSY interactions which need further study. So 
perhaps prompt muon production by photinos at 1,000 TeV will 
be enhanced. l 

Figure 2 shows the estimated underground muon flux from 
photinos, as a function of slant depth. The photino flux for 
M =2 GeV in Fig. 1 was assumed at the surface, multiplied by 
a factor (y/ y) (u/y) =0.1. This could result, for example, if the 
proton luminosity is a factor of 30 higher than estimated from 
y rays and prompt muon production is a factor of 30 higher 
than in pp collisions at accelerator energies, not impossible with 
our current state of knowledge. The results can be scaled by 
this factor, or reduced for higher gluino masses in the proportion 
of Fig. 1. 

As seen in Fig. 2, the muon flux builds up with depth, peaking 
at about 5,000 m water equivalent. A distinctive signature occurs 
for the lower gluino mass: the flux falls off below the horizon. 
The flux level, with the assumptions made here, is too low to 
explain the underground muon events reported from Cyg X-3 
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Fig. 2 The flux of photino-initiated muons underground when 

the photino flux is as shown in Fig. 1, for gluino mass M = 2 GeV, 

two squark masses, and (y/y)(u/y) =0.1, as a function of slant 
depth (given in m water equivalent). 


(refs 9, 10), but would result in 12 events per year in the proposed 
undersea detector, DUMAND. 

Sources other than Cyg X-3 may be more promising. For 
example, Hercules X-1 has now been confirmed as a strong 
source of y rays from 1 TeV (refs 26, 27) to 10* TeV (ref. 28) 
LMCX-4 has also been observed at the highest energies”, and 
is far enough away for there to be substantial y-ray attenuation. 

Thus, it is not inconceivable that photinos, if they exist, will 
be observed from astronomical bodies. However, this discussion 
shows that there are certain requirements if this is to happen in 
the near future. First, the source must have a proton luminosity 
close to its astrophysical limit. Second, there will have to be 
conditions between us and the source which reduce the flux of 
y rays; otherwise, much higher fluxes would exist than is evident. 
Third, the gluino and squark masses must be close to the current 
experimental limits. 

Let us consider the last point further. The lower limit on 
squark masses is ~12 GeV for charge 1/3 and 15 GeV for charge 
2/3 from e*e™ collisions**. Beam dump experiments place a 
lower limit on the gluino mass of 4-5 GeV for a squark mass 
of 10-20 GeV, with lower gluino masses possible for higher 
squark masses’?! 

The observation of monojets with large missing transverse 
momentum py at the CERN pp collider”? has received consider- 
able attention as possible evidence for SUSY. If the SUSY 
interactions except at certain energies where a squark is res- 
purposes) two possible scenarios for gluino and squark 
masses’’°>. In the first, each has a mass of ~40 GeV and 
measurable photino rates from cosmic sources can probably be 
ruled out. In the other, the gluino mass is ~3 GeV and the 
squark mass ~100 GeV. This latter case could lead to a sig- 
nificant photino flux from Cyg X-3, but the photino cross-section 
would probably be too low for atmospheric or underground 
interactions except at certain energies where a squark is res- 
onantly produced. 

However, there is still debate over whether the monojets 
cannot be given a non-SUSY explanation. If they can, the 
conventional wisdom is that the gluino and squark masses, for 
the scenarios discussed above, then become lower limits. But 
the published data?” suggest that there may still be an experi- 
mental window at low gluino and squark masses where the pr 
carried by the photino is not sufficient for the event to pass the 
experimental cuts. In that case, gluino production would be 
large, but the SUSY events would be indistinguishably buried 
in the huge mass of ordinary data. While this window is small, 
and there are some theoretical arguments against its existence”®, 
it does not seem that it can yet be ruled out experimentally. 

In conclusion, measurable levels of photinos from cosmic 
sources such as Cyg X-3 cannot yet be ruled out by current 
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theoretical or experimental knowledge. If the anomalous air 
showers and underground muons reported from Cyg X-3 are 
confirmed by further observation, then no conventional explana- 
tion, including neutrinos, will suffice. A photino explanation 
would at least not be ad hoc. 

I thank E. Ma, S. Pakvasa, V. Barger and J. Learned for help 
and suggestions. This work was supported in part by the US 
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Burbidge, Burbidge and O’Dell’ have proposed a method of statis- 
tical analysis of close pairs of quasistellar objects (QSOs) to test 
the null hypothesis that the redshifts of QSOs are of cosmological 
origin. Only two close pairs of QSOs were then known, therefore 
the analysis was inconclusive. Since then a number of close pairs 
of QSOs have been discovered and the same statistical test can 
be rediscussed with a greater measure of confidence. Indeed, as 
we show here, the probability of finding so many close pairs by 
chance, as required by the cosmological hypothesis, is as small as 
10~*, depending on observational uncertainties. 

Close pairs of QSOs have conventionally been placed in three 
categories, each implying a very different physical interpretation. 
(1) Pairs wtih very small angular separation (<7 arcs) but with 
identical redshifts are interpreted as gravitationally lensed 
images of a single object; (2) pairs or triplets with similar but 
not identical redshifts are considered members of a supercluster; 
(3) pairs with very different redshifts. These are either ignored 
or considered to arise as a chance projection effect of no physical 
significance. 

Thus, the way in which we treat a particular close pair of 
QSOs seem to be dictated by the values of redshifts of its two 
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Table 1 Close pairs of QSOs with separation <120 arcs and with at least one member a radio source 





Radio catalogue Flux densities 


Sources nos (in Jy) 
0240+011 (BSO 2) — — 
0240+011 (BSO 1) = = 
0254-334 A PKS Sa.700 = 0 37, Ss oon 
= 0.53, 0.42 
0254 — 334 B — 
1038 +528 OL 564 Sog =0.8, Sı 415 =0.44 
1038 + 528 — 
1211 +334 A ON 319 Saos = 1.65, Si a15 =1.13 
1211+334 B — 
1349 — 439 Á PKS S3700 == 0.54, 55.000 = 0.76 
1349 — 439 B — 
1532+016 PKS S2700 = 1.08, Ss o00 = 0.94 
1532+016 = 
15454210 3C 323.1 S2700 = 1 29, Ss 000 = 0.92 
1545+210 — ' 
1548+114 A 4C 11.50 Size = 3.9 
1548+114B MC 2 S4og = 2.5 
1721 +343 4C 34.47 Sis 5 
1721 +343 = 
2143 —156 A PKS S2 700 = 1.11, S5,000 = 0 82 
2143 — 156 B — 
2217+087 4C 08.66 S113 = 0.16, S4 873 = 0.070 
Sija =2.1 
2217+087 4C 08.66 Si 413=0.20, Sa 873 =0.075 
2320 ~ 035 PKS $2 700 = 0.42, Ss 000 = 0.39 
2320 — 035 — 


members. For example, according to the conventional view, the 
close pair 1548 +114 A,B, with angular separation 5arcs, is 
placed in category (3) because its member redshifts 0.436 and 
1.901 are very different, whereas the close pair 0957+561 A,B, 
with angular separation 5.7 arcs and identical redshifts 1.407, 
1.407, is placed in category (1). 

This procedure can be defended if the density of the QSO 
population is such that QSOs with different redshifts (and hence 
different distances, according to the cosmological hypothesis) 
are frequently projected ciose to each other for any randomly 
chosen observer in the Universe. When the first two pairs were 
found—-Ton 155 and 156, and 1548 +114 A,B, with discrepant 
redshifts and small separations of 35 and 5 arcs, respectively— 
statistical arguments were given?” to show that their occurrence 
by chance was very unlikely. However, these results were dis- 
counted on the grounds that a posteriori computation of prob- 
abilities can be misleading. 

To avoid such a criticism, Burbidge, Burbidge and O’Dell' 
made a priori predictions of the expected number of close pairs 
arising by accident in any future survey of QSOs. Their expected 
number of QSOs lying within @ arcs of an arbitrary search 
centre is given by 


{n}=2.410 ’T(<m)6? (1) 


where I'(<m) is the sky density of QSOs brighter than magnitude 
m, expressed in units of (arc deg)~*. Thus, (n)=1 when T'=1 
and 6 =3,600/V/7. This formula can be applied at any time to 
decide whether the observed number of close pairs of QSOs is 
consistent with that expected by chance projection effects 

A search around each centre may be considered a ‘trial’ and 
the discovery of a pair a success. If there are N trials, then the 
expected number of successes is given by 


(S)= Nin) =2.4x1077 T N0? (2) 


If the cosmological hypothesis is correct, then the probability 
of observing at least r pairs in N such trials can be estimated 
by using the Poisson distribution. The hypothesis becomes of 
doubtful validity if the observed number r is such as to make 
the probability very small, say <10. 

To avoid the criticism of being a posteriori, the choice of 0 
in formula (1) must be ad hoc, in the sense that it should not 


Separation 
Redshifts Magnitudes (arcs) Refs 
0 599 18.8 BSO 2-RSO = 96 7,8 
1 945 198 ' BSO 1~RSO= 115 4 
1.411 20 
1.915 17.00 54 6,9, 10 
1.857 16 00 
0.677 175 33 6,11, 12, 13 
2.30 ` 18.5 
1 598 17.00 8] 6, 14,15 
1 818 20.5 f 
? 18.5 54 6, 16 
0 323 17.50 
1.42 18.0 52 17, 18, 19 
0.310 17.0 
0.264 16.69 113 20, 21, 22, 23 
(1.89) 19.5 
0.436 17.00 5 6, 24, 25 
1.901 19.00 
0.206 16.50 60 6, 26 
1.80 19.0 
0.700 17.50 ` 78 6,27 
2.055 18.50 
0.6227 18.06 99 28, 25 
0.2282 18.00 
1.410 18.60 78 6, 17, 10 
2.040 20.60 


bear any relation to the close pairs already discovered. In the 
earlier studies (for example, refs 2, 3), the value of 6 was equated 
to the separation of the close pair under investigation, and it 
was argued that the probability of an event cannot be unam- 
biguously determined after it has occurred, in terms of its 
observed parameters. 

We investigate here the close pairs in which at least one 
member QSO is a radio source. Table 1 lists all such close pairs 
of QSOs, excluding those that are accepted as candidates for 
gravitationally lensed objects. As radio positions used in optical 
identification usually come with error boxes of sides <10- 
20 arcs, the value of 0 chosen in formula (1) should be large 
compared with these values. On the other hand, 6 cannot be 
too large if our whole purpose is to test whether the apparent 
closeness is significant enough to warrant physical association 
between the members of the pair. These considerations suggest 
that @ could be chosen in the range ~-60-180 arcs. Here we use 
0 = 120. 

We have found a total of 30 pairs with @< 120 in the literature, 
of which 6 have almost identical redshifts and are thought to 
be gravitational lenses. In all the other cases the two redshifts 
are different. 

Because observationally, it is easier to pick out bright pairs, 
the test is more meaningfully applied for the brighter QSOs. 
Thus, we arbitrarily set our faintness limit at V = 18.5, as this 
value 1s bright enough for detection and faint enough to ensure 
enough ‘trials’ to make the application of formula (1) statistically 
viable. Although QSO catalogues list the V magnitudes, the 
surface densities l (m) are generally given for the B magnitudes. 
Taking average <B-— V> =0.3, we therefore set m=18.8. 
Studies of surface densities* suggest that [<2 at m = 18.8. With 
6 = 120, T =2, formula (2) gives 


(S)= N(n)=7x107° N (3) 


What is the value of N? Using the criterion specified above, N 
is the number of radio loud QSOs brighter than V = 18.5 whose 
neighbourhoods up to 120 arcs have been carefully scanned for 
close companion QSOs brighter than V = 18.5. The total number 
of QSOs listed in the catalogue of Véron-Cetty and Véron® which 
are radio loud and brighter than V = 18.5 is ~1,030. The corre- 
sponding number in the Hewitt-Burbidge catalogue® is ~850. 
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We will set N = 10° f, where f indicates the fraction of such 
QSOs whose fields have been searched for close companions 
out to @= 120. 

In practice no such systematic exercise has been undertaken. 
The optical identification programme does involve a search for 
an optical candidate near the radio position, but usually such 
a search 1s stopped when a source 1s found within the error box 
of the radio position. Taking this error box as ~(20 arcs)”, we 
note that this ıs only ~10~* of the total area m8? (arcs)*. This 
indicates the value for f, although we will take it as high as 0.1 
(meaning that about 100 radio QSOs have been carefully 
searched for close pairs out to 120 arcs). We then obtain from 
formula (2) 


(S) = 0.7 (4) 


It is clear from Table 1 that there are six close pairs that meet 
our pre-set criteria The Poisson probability of obtaining 6 
‘successes’ with a mean of 0.7 is <1.3x107*. This probability 
1s too low to support the belief that these pairs arise from the 
chance projection of cosmologically distant objects in neigh- 
bouring directions. 

In principle, formula (1) can be applied to optically selected 
QSOs also. There are four pairs of radio-quiet QSOs of very 
different redshift with V = 18.5 and 8 < 120. However, N cannot 
be estimated very reliably for radio-quiet objects. 

Although our analysis indicates that very close pairs of QSOs 
with different redshifts are physically associated in space, we 
advocate considerable caution in making this a firm conclusion 
because of its profound implications for cosmology The test 
itself is a@pnort in laying down the prescription in terms of 
observable parameters like I’, m, f and 8. However, critics could 
argue that our chosen estimates of T and f have observational 
uncertainties For example, if f were as high as 1, (S) 1n formula 
(4) 1s raised to 7 and the significance of the result disappears. 
We do not question this point of view and are happy to record 
it here because it demonstrates the vulnerability of our approach 
to observational checks. Whether our estimates and our con- 
clusion are correct can easily be judged when we have better 
estimates of F and m and after the @ neighbourhoods of QSOs 
have been systematically searched. 

J.V.N. thanks the Kitt Peak National Observatory for hospital- 
ity at the time when the initial stages of this work were completed 
J.V.N. is on leave of absence from the Tata Institute of Funda- 
mental Research, Bombay, India. The Kitt Peak National 
Observatory 1s operated by the Association of Universities for 
Research ın Astronomy, Inc. under contract with the NSF. 
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Recent studies using the Very Large Array (VLA) telescope have 
revealed the existence of two unusual extended non-thermal sour- 
ces, G357.7—0.1 and G5.3—1.0 (refs 1,2). Classified earlier as 
supernova remnants (SNRs), these sources have a marked axial 
symmetry and compact sources on the axis at one edge. We have 
now looked for counterparts of these sources in the Infrared 
Astronomical Satellite (IRAS) Point Source Catalogue and find 
an IRAS source showing the characteristic spectrum of an early 
type star embedded in a dusty cloud, coincident with the compact 
source in G357.7 —0.1. We propose that the compact object is an 
O star whose formation was triggered by the shock front of the 
diffuse radio source. 

The two radio sources have recently been studied at 
wavelengths of 20cm and 6cm using the VLA'”. Both have 
unusual axial symmetry, non-thermal spectra, significant linear 
polarization and compact sources at one edge on the axis. The 
compact source near G357.7-0.1 has a flat spectrum with flux 
densities of 30+ 10 mJy (ref. 1) (6045 mJy, ref. 2) at 20 cm and 
48+ 14 mJy (ref. 1) (4445 mJy; ref 2) at 6cm The size of the 
source is ~6arc s (ref. 3). To understand the nature of the 
compact sources and their relationship to the diffuse sources, 
we looked for their counterparts in the IRAS Point Source 
Catalogue Although we did not find a source associated with 
the compact source in G5.3— 10, we found an IRAS source 
(17368-3057) within 5 arc s of the position of the compact source 
in G357.7—0.1 This has also been independently reported by 
Shaver ef al’. The coordinates of the IRAS source are RA 
(1950) = 17 h 36 min 52 1s and dec. (1950) = ~30° 57’ 17°, with 
the positional error ellipse having semi-major and semi-minor 
axes of 21 and 10 arcs, respectively, and a position angle of 
106°. The flux densities (Jy) in the four IRAS bands of 12, 25, 
60 and 100 (um) are 1.67, 6.1, 118 and 232, respectively. The 
uncertainties in the flux densities in the four bands are 14, 15, 
16 and 18%, respectively. The source, being close to the galactic 
centre, has been processed through the IRAS high source density 
processor“. The point source correlation coefficients for the 12-, 
25-, 60- and 100-4m bands are 98, 100, 97 and 100%, respec- 
tively. There is no ‘weeks-confirmed’ small extended source in 
the neighbourhood. However, the number of unconfirmed (only 
seconds-confirmed) sources are 1, 4, 5 and 3 in the 12-, 25-, 60- 
and 100-1.m bands, respectively, indicating that the source may 
not be completely point-like and isolated. 

The probability of chance coincidence of the radio and IRAS 
source 1s quite small (~2 107° from radio source count data 
of galaxies*). The extended source is unlikely to be extragalac- 
tic’? Assuming, then, that it is a galactic object, ıs the compact 
source associated with it? To estimate the frequency of occur- 
rence of sources with infrared spectra similar to that of 
G357.7—0.1, we counted sources satisfying the following criteria. 
(1) the source must have definite flux density measurements for 
the 60-um band and for at least one other band; (2) the 60-pm 
flux density be > 100 Jy, and (3) the flux density at 60 pm must 
be greater than that at 25 um. We counted sources in a rec- 
tangular strip centred on G357.7-0.1 and having length and 
width of 5° galactic longitude and 2° galactic latitude, respec- 
tively, and found the source density to be 3.7 deg™*. The compact 
source is seen at the more intense western edge (6 arc min long) 
of the diffuse source. The probability that the compact source 
is found along this edge within a strip of width 40 arcs (the 
same as the major axis of the IRAS positional error ellipse) is 
then 4x10. The fact that the source is along the axis of 
symmetry further reduces the probability. Thus, tt seems unlikely 
that the compact source 1s not associated with the diffuse source. 

The infrared spectrum of the compact source is typical of an 
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early OB star embedded in a dusty cloud in which the far- 
infrared-emitting dust is heated by the radiation from the central 
star as well as by the near and mid-infrared radiation from the 
inner dust shells®. Adopting a distance of 10 kpe for the source’” 
and applying colour correction to the catalogued values, the 
integrated luminosity in the 8-116-~m band is 2.3 x10* Lo. The 
flux value of 100 pm is uncertain because of the contribution 
from cirrus clouds. However, the 100-~m band contributes only 
a third of the integrated luminosity. The dust temperature 
implied by 25-, 60- and 100-~m band flux densities varies 
between 40 and 60K depending on whether the emission is 
optically thick, or thin with an emissivity dependence of A~}. 
For this temperature range, the fraction of the total luminosity 
outside the 8-116 um band is ~0.5. Thus, the total luminosity 
is 4.6x10* Lo, corresponding to that of a ZAMS O9 star’. For 
such a star, the ratio of bolometric luminosity to the luminosity 
in the Lyman continuum photons, which excite the HII region, 
is’ ~10. The observed radio spectrum is consistent with nearly 
optically thin free-free emission at 6 cm. Using the 6-cm flux 
density, we then estimate the ratio of total infrared flux to the 
Lyman continuum flux to be 25. This will be consistent with the 
expectation for an O9 star assuming that about 40% of the 
Lyman continuum photons are absorbed by the gas®. Thus, the 
observed spectrum and the ratio of infrared to radio flux argue 
strongly for the presence of an early star. 

We propose that the formation of the O star has been triggered 
by the advancing shock front of the diffuse object. Ifthe extended 
object is a SNR, its age is in the range of 1,000-2,000 yr (ref. 
9), too short compared with the ~25,000 yr needed for the 
contraction of an 09 star (mass of 25 Mọ) and its evolution to 
a stage where its surface temperature is high enough (30,000- 
35,000 K) to give rise to the observed ionization’®. It has also 
been suggested’’ that G357.7—0.1 is a new type of object in 
which an energizing event is responsible for the injection of 
relativistic electrons which emit synchrotron radiation and in 
which the current activity is at the western edge. According to 
such a hypothesis, the age of the source is ~5 10° yr and a 
period of ~25,000 yr is easily available for the formation of the 
star at the expanding edge. 

There have been suggestions for star formation triggered by 
the expansion of a SNR in W44 (ref. 12) and W28 (ref. 13). 
G357.7 —0.1 is unique in the respect that it reveals an association 
between a far-infrared object and a compact radio source. It is 
of interest that G357.7 — 0.1 1s situated on the edge of an inclined 
disk of gas that has been postulated to exist in the galactic 
centre’*. A prominant feature has also been observed in the 
2CO (J =2>1) line in the direction of the compact source’. 
Further high-resolution molecular observations are needed to 
study the source in greater detail. High-resolution mid-infrared 
observations to determine the source size in the infrared, and 
near-infrared observations to reveal the embedded object, as 
well as a detailed study of the IRAS image data are also needed. 
Finally, it is important to establish the thermal ‘nature of the 
compact radio source by making polarization and radio recombi- 
nation line measurements of the compact source. 

We thank the Astronomical Data Center at the NASA God- 
dard Space Flight Center for providing the IRAS data. 
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Observations of the Sun with a Danjon-type visual astrolabe have 
been recorded since 1975 at the CERGA Observatory. The primary 
goal of these observations is to determine the orbital elements of 
the Earth around the Sun. However, they also provide very good 
quality, homogeneous values of the solar diameter. The working 
principle of the astrolabe, which relies on the method of equal 
elevations‘, has been described elsewhere”. The diameter value is 
obtained from the difference between the zenith distances of the 
solar centres corresponding to the instances of successive limbs 
crossing the same almucantar. The solar diameters are obtained 
up to 16 times per day. The heliographic latitude of the observed 
points varies throughout the day and changes with the seasons. In 
the present study, we have discarded the data taken at zenith 
distances >60° because of their lower quality on average. We 
consider then all the retained measurements on equal footing. The 
existence of a long period, ~1,000 days, in the variation of the 
solar diameter has already been reported®. The low-frequency 
domain of the power spectrum deserved a more detailed analysis 
which the mere recent data permit. Here, we present this analysis, 
which reveals several previously undetected periodicities. 
Figure 1a shows the low-frequency part of the power spectrum 
computed from 506 daily averages of the solar diameter 
measured between 1975 and 1984. These points are scattered 
over 3,600 days (with fewer observing days in the winters). Data 
for year 1977 are missing because the astrolabe was not operating 
then. We use a 16,384 (=2"*) points fast Fourier transform, so 
that the spectrum is slightly oversampled. The window function 
has been calculated and shows a very small bump around 
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Fig. 1 Power spectra of the solar diameter variations a, Morning 
and afternoon data, b, morning data only ; c afternoon data only 
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Fig. 2 Statistical distribution of spectral elstimates; @, random- 
ized data; vx, original data. 


frequency 1 yr-' =31.7 nHz. All the peaks discussed here are 
free from any 31.7 nHz aliasing effect. Important side lobes in 
the power spectrum are caused by the periodic weekly interup- 
tion of the observations, but because we are considering. only 
very long periods, no special pretreatment of the spectrum is 
necessary. To assess the significance of peaks in the power 
spectrum, we propose three methods. (1) We divide our data 
set into two parts: the morning and the afternoon observations. 
We can then obtain two independent spectra of less quality (Fig. 
1b,c). Figure 1 shows that the three major low frequency peaks 
C, P and. W at least, are qualitatively significant. 

(2),A more quantitative analysis relying on a study of the 
statistical distribution of spectral estimates, has been used pre- 
viously in discussing solar gravity modes*” 
logarithm of the probability of spectral estimates p(w) with size 
larger than a given value w plotted against that value. The stars 
correspond to the observed spectrum. The dots are from a similar 
spectrum computed with the same data taken at random and 
distributed on the actual observing days, thus preserving the 
same window and noise characteristics but destroying the coher- 


ent signal. Pure independant gaussian noise distributions with - 


variance o° in the real and i imaginary part of the Fourier trans- 
form would yield-a power spectrum described by 


p(w) = exp (-345) : (1) 


In our logarithmic representation, such a noise would show up 
as a straight line whose slope is a measure of the variance o° 


of the distribution of the Fourier components. One can observe 


on Fig. 2 that the actual distribution of the randomized data 
spectrum is not significantly different from a straight line. On 
the contrary, for the real data spectrum, one sees an excess of 
large amplitude estimates indicating the existence of peaks well 
above the noise level. The slope of the distribution for smail 
values, or a direct calculation allows thé variance to be measured. 


a? = 4.6104 arcs” (2) 


Table 1 gives the frequencies of some selected peaks and their ` 


amplitudes. 
(3) One may expect that magnetic activity, such as sunspots, 
plages or filaments, will modify the visual definition of thé solar 


limb, or will be connected to the solar diameter. Thus, it would ` 


be appropriate to compare our spectrum with the spectrum of 


some global solar activity index, for example, the daily Zurich . 


Sunspot Number (ZSN) during the same period. Wolff® has 
already published a spectrum of more than 200 yr'of ZSN 


computed from monthly averages. Using a similar method, we | 


first eliminate the very low frequency part of the spectrum by 
subtracting from each daily point a running mean over 2 yr 
centred on this point; this provides the spectrum in Fig. 3. Some 
peaks in this spectrum coincide with peaks in the solar diameter 
spectrum, particularly, the major peak around 36nHz (320 
days), our W mode: This particular frequency has already been 


. Figure 2 shows the - 
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Fig. 3 Power spectrum of the modified ZSN. 


mentioned by Wolff. Indeed, his 200 yr spectrum was dominated 
by a line located at precisely 36.3 nHz. Next, in our ZNS spec-: 
trum, we identify two peaks, z,, Z2. The first one, z4, also appears 
in the diameter spectrum, but z, does not. 

A further solar activity frequency analysis has been produced 
by Rieger et al.’ from the occurrence of high energy flares 


` detected by the solar maximum mission and GOES satellites. 


Rieger et al.’ identify a main frequency at 75 nHz and two minor 
modes at 155 and 227 nHz. (These three frequencies are denoted 
R,, R2, R; in Figs 1 and 3.) The two minor modes correspond 
with well defined peaks in the ZSN spectrum, and with peaks 
standing over the 4o level in the solar diameter spectrum. We 
conclude that because some of the features are shared by both 
spectra we are dealing with intrinsic solar frequencies. 

These three approaches: permit us to assess the reality of the 
main modes that we have found in the low-frequency part of 
the solar diameter power spectrum, before discussing their phy- 
sical significance. Table 1 includes all the frequencies that have 
been identified in the occurrence of solar flares by Rieger et al.’, 


. in the solar diameter and in the ZSN spectra by us. 


With the exception of the major peak P, the solar diameter 
signal seems to be correlated with the ZSN. Figure 4 shows the 
cross-correlation function 


(p(t) x w(t+d)) m 
Jo?) (w?) : 


where ¢ is the solar diameter and w is the ZSN, both of them 
being shifted so that their mean values are set to zero and d is” 
the time offset in days between diameter and magnetic observa- 
tions. In our convention, a positive value of d means that we 
correlate ZSN values with solar diameter values occuring d days 
earlier. In fig. 4, we have used the raw ZSN. We observe an 
anti-correlation which shows that an active Sun has a smaller 
diameter. This effect can be compared with the diminution of 
the characteristic horizontal scale of granules during solar 
activity maximum®. In both cases, it looks as though solar activity 
was triggering a shrinking of granules, horizontally as well as 
vertically, of the order of 200 km. The maximum anti-correlation 
occurs roughly at d +200 days as though active regions were, 
on average, depressing the limb more 200 days before their 
maximum development. The first peak, C, may now be easily 


f(a) = 


Table 1 Low-frequency peaks observed in solar diameter and in solar 
activity 1975-84 


Frequency Amplitude - Other determinations 
Label (nHz) (ares) o level (nHz) 
C 3.3415 0.16 17 44+1.5 (Z) 
P 11.9215 018 8.7 
Ži 16.2+1.5 0.10 50 16 8+1.5 (Z) 
A 29.5+1.5 (Z) 
W 35 0241.5 017 8.1 36.0415 (Z) 
R, 77.3+1,5 0.09 44 75 (R) 73.4415 (Z) 
R, 155 (R) 
R3 229 S15 0.09 4.3 227 (R) 224.2 41.5 (Z) 





Z, from ZSN, R, after Rieger et al” 
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Fig.4 Cross-correlation between the solar diameter and the ZSN 
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Fig. 5 Superposed epoch analysis at 320 days of the ZSN (a) 
and of the solar diameter (b). 


interpreted, even if it is very close to the lowest possible 
frequency that can be significantly deduced from our finite 
samples and is a signature of the solar 11-yr cycle for the ZSN. 
A longer time series would make the peak sharper around the 
frequency (solar cycle)~*. With respect to the diameter, our time 
series does not permit us to distinguish an 11-yr periodicity from 
another slow variation. However, the trend of the raw data 
favours the first hypothesis. Furthermore, the phases of the 
Fourier components of g and w are very nearly opposite in that 
frequency range, thus confirming the long-term anti-correlation 
between diameter and activity. 

We come now to made W which dominates the ZSN spectrum. 
It has a period of the order of 320 days. To clarify the relationship 
between the diameter and magnetic oscillations, Fig. 5 shows 
the superposed epoch variations of both sets of observations 
The same time origin has been used in both cases. The 320-day 
period appears clearly in both structures. Note that the maxima 
appear close to each other, indicating that the two oscillations 
are nearly in phase A fine analysis of the complex Fourier 
spectra yields the time offset between them: d ofsa = 20 days. If 
the appearance of sunspots is the cause, and the solar diameter 
variation the effect, it looks as if the solar diameter would rise 
sharply in the early days of the spots, and then more slowly 
decrease after their decay. This could be related to radiation 
blocking by sunspots which causes the surrounding surface to 
rise up momentarily (as suggested by E Fossat). 
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Peak P, is the dominant feature of the solar diameter variation, 
standing out at the 8.70 level. Its period is of the order of 1,000 
days; it is neither detectable in our ZSN spectrum nor in Wolff’s 
analysis° and seems to have no counterpart in solar flares. Similar 
periodicities have, however, been detected in Ca* K plage areas” 
and in A 10-cm solar filux’®. One is thus tempted to assign to it 
a deeper origin inside the solar body and to link it with the 
marginally significant periods found in the variation of the solar 
neutrino flux'™!?. Another explanation which has been proposed 
by Wolff, could be found in global long-period solar oscillations 
caused by interferences of internal gravity modes. But it would 
still be necessary to explain why some of these interferences 
show up in Wolff’s ZSN spectrum, whereas peak P shows up 
only in the diameter spectrum. 

In summary, solar diameter variations as observed along a 
solar cycle reveal long period oscillations of characteristic ampli- 
tude 0.1 arcs. The physical origin of these variation is found in 
deep layers of the solar body, possibly in the core for the 1,000 
days oscillation. Because some of these modes are also found 
in the ZSN, we think that an harmonic analysis of more detailed 
activity indexes may also prove very fruitful. Our solar diameter 
data also contain information about the heliographic latitude 
at which the measurements are made. We have not yet used this 
information. The recent increase in the number of observations 
performed every day, and the automation future of the instru- 
ment will provide us with a very efficient duty cycle. A com- 
parison between our solar diameter fluctuations and 
SMM/ACRIM radiometer measurements is in preparation. 
Unfortunately, we are still far from a full solar cycle coverage 
of irradiance observations. This continuous monitoring from 
space ts highly desirable. 

We thank E. Fossat, J. T. Hoeksema, E. Ribes and J. Rösch 
for fruitful discussions. 
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Geometric and electronic structure 
of a semiconductor superlattice 
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Esaki and Tsu! have proposed that a semiconductor superlattice 
(a periodically repeated arrangement of alternating layers of two 
JII—V semiconductors) might exhibit negative differential mobility 
(NDM) if electrons could be injected into regions of negative 
effective mass in the band-structure created by the superlattice. A 
weak NDM has subsequently been observed’, but nothing more 
has been reported since then. We have recently seen strong NDM 
in a 21-period AlGaAs/GaAs superlattice’. The current-voltage 
(I-V) characteristics show fewer, but sharper, features than re- 
ported by Esaki and Chang’. Here we report the correlations 
between (1) the design and predicted performance of an ideal 
semiconductor superlattice and (2) the structure and actual perfor- 
mance of the 21-period superlattice. Calculations of the energy 
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Fig. 1 Dark-field electron micrograph of a 21-period superlattice. 


dependence of electron transmission through the ideal and the 
actual superlattice show gross band-structure features at similar 
energies. Fine structure in electron transmission through the actual 
superlattice may be the origin of fine structure in the measured 
I-V characteristics. The results imply a certain tolerance of the 
electronic structure towards modest fluctuations in the superlattice 
parameters, which may be of importance in the realization of 
superlattice devices. 

The superlattice? was grown in a Vacuum Generators V8OH 
MBE machine, each period consisting (ideally) of 3nm of 
Alp 25Gap 75As and 6nm of GaAs. The superlattice was grown 
between thicker layers of heavily doped GaAs which provide 
ohmic contacts. Figure 1 shows a (002) dark-field electron micro- 
graph of a thin cross-section of the superlattice, recorded on a 
JEOL 200CX electron microscope. The darker regions are GaAs, 
with the lighter regions being Al,.Ga,_, As. Detailed modelling 
is required if the x-value and any variations in x from layer to 
layer are to be extracted from the degree of contrast, but x = 0.25 
is not inconsistent, with the data. Apart from the anomalously 
thick central AlGaAs layer, there are fluctuations in the remain- 
ing layers. The thickness of each layer has been measured 
directly from high-resolution lattice images* which yield a mean 
thickness (and r.m.s. deviation) of 52 (10) A for the GaAs layers 
and 33 (5) A for the AlGaAs layers. The layer thicknesses seem 
quite uniform over lateral distances that are large relative to the 
superlattice thickness. 

We have calculated the guantunemischanical transmission 
amplitudes, at zero electric field, of electrons (as a function of: 
their energy above the GaAs conduction band edge) tunnelling 
through both the ideal and actual superlattice’. The Al,Ga,_,As 
layers act as tunnelling barriers whose energy height is given 
by the conduction band offset between the two materials. This 
offset is a matter of active debate (see ref. 6 and references 
therein); 70% of the total bandgap difference has been used 
here. The results for a one-dimensional model of the superlattice 
are shown in Fig. 2. The energy ranges for resonant transmission 
(which corresponds to allowed energy bands) are broadly similar 
in the two examples. The disorder in the actual superlattice 
reduces the effectiveness of transmission in the lowest band. In 
a further development of the theory, the reduction would be 
modelled by a reduced effective conductance’. The disorder also 
produces sharper structure, particularly on the higher energy 
side of the first band of resonant transmission. 

Figure 3 shows a typical low-temperature I-V characteristic 
of the superlattice. At low bias the behaviour is ohmic; the 
doping conditions were chosen to ensure that the Fermi level 
is in the centre of the first superlattice band. The most notable 
features are the instabilities at which the voltage switches 
between two values. We also show the featureless T- V charac- 
teristic of a two-period ‘superlattice’ used as a control to monitor 
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Fig. 2 The energy dependence of transmission amplitude of elec- 
trons through an ideal 21-period superlattice (trace a, light line) 
compared with that of the actual superlattice (trace b, heavy line). 
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Fig. 3 I-V characteristics of a 21-period superlattice (full line, 
with discontinuities shown dotted) and a 2-period control structure 
(broken line). The temperature was 77 K and the device area was 
8 x 107? mê. A region of fine structure is shown enlarged (arrowed). 


contact and series resistances. Allowing for these resistances, 
the onset of the major instability occurs when the voltage drop 
across the superlattice equals the width of the first superlattice 
band. Moreover, the size of the voltage discontinuity equals the 
separation between the first and second superlattice bands. A 
detailed explanation of this, together with supporting evidence, 
is given elsewhere’. We believe that the additional fine structure 
is associated with sharp resonances in the transmission 
coefficient for the first superlattice band, but our ability to 
associate gross features in the J-V data with the superlattice 
band-structure is not affected by the irregularities in the actual 
superlattice. Although our calculations show that the thick bar- 
rier does not significantly modify the transmission coefficient, 
it forms a natural nucleation centre for the high field domain 
intrinsic to NDM device operation®. We believe this to be the 
first such correlation of properties between an idealized and an 
actual superlattice. 

The work is funded in part by the Esprit programme and by 
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The relative plate motion between the North American and Carib- 
bean plates has been commonly assumed to take place in the form 
of oblique subduction along the Puerto Rico Trench’. West of 
Hispaniola this plate boundary becomes pure strike-slip. Neverthe- 
less, it has been suggested that this boundary is more diffuse, with 
part of the plate motion taken up by subduction along the Muertos 
Trough (MT) south of Hispaniola” (Fig. 1), but there has been 
no direct seismological evidence of subduction to confirm this. 
Here we present the results of a study of the 24 June 1984 
earthquake beneath MT. The focal mechanism shows thrusting at 
a depth of 32 km, which together with reports of a great earthquake 
in 1751 confirms that MT is an active plate boundary. This implies 
that plate motion is accommodated by several tectonic boundaries 
delineating microplates caught between the Caribbean and North 
American plates (Fig. 4). 

Subduction along MT has been suggested on the basis of 
multichannel reflection lines (inset of Fig. 2) obtained by Ladd 
and others*. On these profiles, the basement of the Caribbean 
plate can be traced for at least 40 km to the north of MT, dipping 
at an average of 11°. Additional evidence for subduction along 
MT consists of a 100- mGal negative free air gravity anomaly 
centred over the trough, which suggests that the trench is not 
in isostatic equilibrium®. The lack of turbidites on the 
Venezuelan Basin, to the south of MT?, suggests that MT has 
existed at least since the late Cretaceous. Biju-Duval finds further 


Fig. 1 General bathymetry and seismicity of 
the Hispaniola region. Although most of the 
shallow seismicity (depth <70km, @) occurs 
along the Puerto Rico Trench north of His- 
paniola and Puerto Rico, shallow seismicity is 
observed along the inner wall of the Muertos 
Trough. The 24 June 1984 earthquake (large 
circle) is the largest of these events The track 
of line VB-2N (see Fig. 2) is shown. Bathymetric 
contours are in metres; epicentres are from 
various sources: 1950-63 (ref. 1), 1964-81 
(International Seismological Centre, Newbury, 
Berkshire, UK), 1981-84 (National Earthquake 
Information Center, US Geological Survey, 
Denver, Colorado). Open symbols are inter- 
mediate-depth events (depth =70 km). 
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eivdence for the subduction of Caribbean crust in the geology 
of southern Hispaniola’. 

Some workers have argued that MT subduction ceased by 
Oligocene’ or late Eocene timeë. However, many earthquakes 
between the southern coast of Hispaniola and MT are too far 
south and too shallow to be directly associated with subduction 
along the Puerto Rico Trench to the north, strongly suggesting 
that they are associated with an active tectonic boundary along 
MT (Fig. 1). Furthermore, there is historical evidence for 
earthquakes to the south of Puerto Rico and Hispaniola. For 
example, reports of the 18 October 1751 earthquake (mag ~ 8) 
show extensive damage only to the south of Hispaniola, which 
strongly suggests that the earthquake occurred along the 
southern margin and not along the Puerto Rico Trench to the 
north. s 

The earthquake of 24 June 1984 (6.7 Ms), studied here, occur- 
red south of Hispaniola beneath the San Pedro Basin (Fig. 1). 
Long-period P and SH waveforms were inverted to determine 
the source mechanism, focal depth, scalar seismic moment, and 
the duration of the source time function. This technique is used 
to calculate the variance between the observed and synthetic 
waveforms and, through an iterative process, to minimize the 
errors until convergence criteria are reached’. The data used are 
digitally recorded seismograms from the Global Digital Seismic 
Network with a high signal-to-noise ratio. A few analog seis- 
mograms were digitized manually to improve the azimuthal 
coverage. The results of the inversion (Fig. 3) show a thrust 
mechanism at a focal depth of ~32 km with one nodal plane 
shallowly dipping (~10°) to the north. Synthetic seismograms 
for this solution are shown in Fig. 3. 

Some of the other earthquakes south of Hispaniola, for which 
we have obtained a preliminary estimate of the focal depths 
and source mechanisms, are deeper than the shallow thrust 
earthquake of 24 June; these events occur within the Caribbean 
plate and their P axes consistently plunge shallowly to the north 
(Fig. 2), indicating that the Caribbean plate deforms under 
down-dip compression. This may result from the resistance 
encountered in subducting a plate with thick buoyant crust'®”’, 
or from the deformation associated with the bending of the 
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Fig. 2 Cross-section through the southern margin of Hispaniola. 
Solid circle with opposing arrows shows location and sense of 
motion of the 24 June 1984 earthquake. Open circles indicate 
locations of previous events; arrows show direction of maximum 
compression. These events taken together suggest active thrusting 
between the Caribbean plate and the southern coast of Hispaniola, 
and compressional deformation of the subducted Caribbean plate. 
Inset, a line drawing of the multichannel reflection profile from 
Ladd and others!. B” is the reflecting horizon traceable across 
Caribbean and VE, the vertical exaggeration, is eight to one. Note 
the deformation of sediments along the inner wall of the trench, 
and the continuation of the Caribbean crust reflector for 40 km 
landward from the trough axis; the dotted line in the main figure 
is a downward continuation of this reflector. 
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Fig. 3 Results of the P and Sh body-wave 
inversion of the 24 June 1984 earthquake 
(18.01°N, 69.20° W). Depth=32km, seismic 
moment 4.2 x 10° dyn cm. a, The focal mechan- 
ism from P waves. This is a lower hemisphere 
projection; closed symbols are compresional 
first motions and open symbols are dilatational 
first motions. The best-fit strike is 97°, dip is 81° 
and slip is 92°. Some representative waveforms 
are shown: solid traces are the observed wave, 
and dashed traces are computed. b, The 
equivalent solution for SH body-waves. The 
three-letter code refers to the seismic station. 
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Fig.4 Sketch of the possible platelet boundaries along the North 

American~Caribbean plate boundary. Platelet margins are deduced 

from historic and recent seismicity, marine reflection records, and 
geological mapping. 


subducted slab'*. The lack of a well-developed Benioff zone 
and the absence of Neogene volcanics may be due to the low 
rate of underthrusting. 

Active subduction along MT implies that an active plate 
boundary runs south of Hispaniola and possibly Puerto Rico. 
Thus, the northern Caribbean appears to be composed of one 
or more microplates sitting astride two larger plates in a manner 
similar to that of the Mediterranean’*. The boundaries of the 
microplates may be tentatively defined on the basis of recent 
seismicity, historic earthquakes and sediment deformation 
observed in seismic profiles. To the west of 71° W, where the 
southern plate boundary appears to continue on land‘, 
earthquakes are shallow and less frequent. McCann and Sykes!‘ 
suggest that subduction is inhibited here by the thick lithosphere 
of the Beata Ridge to the south, and the Bahamas Platform to 
the north. Thus, the transition from a thrust plate boundary 
(north and south) to the pure left-lateral strike-slip motion 
observed in Haiti’ appears to occur near 71° W. Recent seismic 
activity and historical reports of moderate-sized earthquakes to 
the south of Puerto Rico suggest that MT is active until it dies 
out near the Virgin Islands (Fig. 1). Shallow seismicity along 
the Anegada Passage probably represents the easternmost 
boundary of the Greater Antilles microplate system (Fig. 4)’°. 
If one uses a relative rate of plate motion of 3.5 cm yr™' between 
the Caribbean and North American plates’*, the higher seis- 
micity along the Puerto Rico Trench places an upper limit on 
the potential rate of motion along MT of 2cmyr™’. A more 
realistic rate is probably of the order of 1 emyr '. 

The shallow events that occur between Hispaniola and Puerto 
Rico suggest that these islands lie on two separate platelets (Fig. 
4). The lack of crustal seismicity in Puerto Rico and the Virgin 
Islands observed by the seismic networks there!™!’ indicates 
that those areas constitute a single platelet (Fig. 4). The complex 
geology and seismicity of Hispaniola suggest that this island 
may be split into smaller terranes; the most obvious example 
of this is the Septentrional Fault in northern Hispaniola that 
a the Cordillera Septentrional from Hispaniola proper’? 

Fig. 4). 
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Thus, the 24 June 1984 earthquake shows that strong 
earthquakes do occur along a subduction zone off southern 
Hispaniola, and the 1751 earthquake indicates that the 1984 
event is not unique. This implies that the seismic hazard here 
may be higher than has been assumed previously. An inversion 
of the P and SH body-waves from the 1984 earthquake yields 
a focal mechanism solution that is consistent with subduction 
of the Caribbean plate to the north beneath Hispaniola. This 
suggests that eastern Hispaniola and Puerto Rico have been 
severed from the Caribbean plate and sit as platelets, being 
underthrust simultaneously by both the Caribbean and North 
American plates. 

We thank L. R. Sykes and D. Davis for comments on the 
manuscript. This work was supported by NSF grant EAR 82- 
12266. Lamont-Doherty Geological Observatory contribution 
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Seismic stratigraphy of the flexural 
moat flanking the Hawaiian Islands 
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The elastic thickness of oceanic lithosphere, based on flexure 
studies in the region of surface loads, is two to three times smaller 
than its seismic thickness’. Thus, as a load ages, the thickness of 
the mechanically supportive part of the lithosphere must decrease 
from its short-term (seismic?) thickness to its long-term 
mechanical thickness. Extrapolation of data from experimental 
rock mechanics suggests that thinning occurs by brittle failure in 
the uppermost part of the lithosphere and thermally activated 
creep in its lower part”. Modelling shows that for load ages less 
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Fig. 1 Multichannel seismic reflection profile AB of the flexural moat and bulge north of Oahu, Hawaii. a, Stacked common mid-point record 

obtained by RV Conrad during August 1982. The receiver consisted of 48 groups of hydrophones on a 3.6-km-long streamer towed behind 

the ship. The sound source was an airgun array with a total capacity of 2,500 cubic inches. b, Line drawing of the stacked record. The numbers 
represent the units described in the text. The heavy line with hatchunng indicates the upper surface of the oceanic basement. 


than about 1 Myr, flexural moats change shape and the peripheral 
bulges migrate in towards the load’. These transient changes in 
flexure are best manifest, we believe, in the stratigraphical sequen- 
ces that infill flexural moats. The largest thicknesses of sediments 
occur in moats flanking orogenic belts**. However, the strati- 
graphical record in these basins is complicated by the effects of 
compaction, sub-aerial erosion and sea-level changes, and by the 
fact that the loading history extends over very long periods of 
time. Here we describe a multichannel seismic reflection profile 
across a flexural moat flanking the volcanic load of Oahu in the 
Hawaiian Islands. The advantages of Oahu are that it is located 
in the interior of a plate, the load is 2.7 Myr old and formed within 
1 Myr®, and the flexural moat was not significantly affected by 
sea-level changes and erosion. We show that the observed strati- 
graphical patterns cannot be explained by changes in material 
influx, load distribution, and rapid relaxation of the lithosphere 
to its long-term mechanical thickness. Rather, the observed patterns 
suggest a prolonged relaxation (>1 Myr) due to either local or 
regional re-heating of the lithosphere. This re-heating has impor- 
tant implications for the relationship between elastic thickness 
and age of the lithosphere at the time of loadings. 

Figure 1 shows common mid-point (CMP) multichannel seis- 
mic reflection line 314 of the flexural moat NNE of Oahu, 
Hawaii. Individual traces were demuxed, gathered and stacked 
in 50-m bins’. Predictive deconvolution was applied after stack- 
ing and the data were bandpass filtered (6-30 Hz). Although 
only one CMP display is shown in Fig. 1, other types of display 
have also been considered, such as near-trace plots and variable 
horizontal exaggeration. 

The main feature shown in Fig. 1 is a poorly to well stratified 
wedge of material which infills the region between the northern 
flank of Oahu and the peripheral bulge. The upper surface of 
the wedge (the sea floor) is tilted by about 0.75 s from the crest 
of the bulge to the moat, corresponding to an increase of about 


580 m in sea-floor depth. The lower surface is defined by a tilted 
discontinuous diffractive reflector, similar in character to reflec- 
tors associated with the top of the oceanic crust®. 

Seismic refraction data in the region” show that the average 
P-wave velocities in the wedge range from 3.5 to 4.4kms"1. 
These velocities imply that the wedge thickens to about 2.2 km 
beneath the flank of the island. The cross-sectional area of the 
wedge out to a distance of 160 km from the flank of the island 
is about 157 km’, which is 5-10 times larger than would be 
expected over a similar distance in the deep Pacific ocean basin. 
Thus, the material comprising the wedge was probably derived 
from the island and is volcanclastic in origin. If all the material 
in the cross-section in Fig. 1 was eroded from Oahu, then its 
average elevation must have stood about 3-4 km above its pres- 
ent height. 

The general reflector configuration within the wedge is diver- 
gent towards the island. Individual reflectors can be followed 
laterally for several tens of kilometres, although they often 
exhibit a hummocky or even broken characteristic. Near the 
island, reflectors are discontinuous and cannot be traced 
laterally. Additionally, a velocity inversion analysis’ shows a 
high-velocity cap (4.5-5.4kms"') at 6.7-7.2s two-way travel 
time, suggesting that a basaltic sill or volcanic flow may have 
been emplaced within the moat infill. In the wedge, seismic 
reflection patterns of the type normally associated with erosional 
surfaces?’ do not appear to be present. However, many reflector 
terminations can be identified in the wedge and are spread out 
over most of its length. 

For purposes of description, we have divided the seismic 
stratigraphy of the wedge into five principal units (Fig. 1b). 
Each unit is bounded by a high-amplitude reflector and shows 
a distinct pattern within it. Unit 5 drapes and infills rough 
topography of the upper surface of the oceanic crust. It is 
probable therefore that this unit pre-dates the formation of the 
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flexural moat by the Hawaiian volcanic loads. Unit 4 is bounded 
at its base by a discontinuous reflector (C, Fig.1b) and at its 
top by a high-amplitude reflector (B). Some of the reflectors in 
unit 4 appear to overstep progressively towards the bulge, 
although the resolution in this deep unit is poor. The next unit 
above, 3, is capped by another high-amplitude reflector (A) and 
clearly shows progressive overstepping from 75 to 160 km. This 
pattern is reversed in unit 2 in which most of the reflectors 
ofistep progressively towards the islands. The uppermost unit, 
1, does not show a preferential direction of overstepping or 
ofistepping. Furthermore, the infilling material ‘ponds’ close to 
the flank of the island, with reflector termination at both ends. 
Hence, the overall stratigraphical pattern is one of migration of 
reflector terminations towards the buige in the lower part of the 
section to migration towards the flank of the island in the upper 
part, and a random pattern of migration and ponding in the 
top-most part of the moat infill. We caution, however, that the 
distance between individual reflectors is close to the limits of 
the seismic resolution and therefore the exact location and 
relationship at reflector terminations are not always easy to 
determine. 

We suggest that three principal factors have controlled the 
reflector patterns in the wedge flanking Oahu: the rate of material 
influx, temporal and spatial changes in the distribution of the 
Oahu load, and tectonic movements of the underlying oceanic 
lithosphere. In order to investigate the role of these different 
factors, synthetic stratigraphical models have been constructed 
and compared with the observed seismic section. In the absence 
of age control, we assume that individual reflectors correspond 
to chrono-stratigraphical horizons. 

A commonly used rheology of the oceanic lithosphere is the 
yield stress envelope (YSE) model’. In this model, the strength 
of oceanic lithosphere is limited by brittle failure in the form 
of Byerlee’s law in the upper part of the lithosphere and by 
ductile flow in the form of the power law (n =3) and the Dorn 
law in the lower part. 

Figure 2a shows the relaxation of a two-dimensional elastic 
plate caused by a distributed load the size of Oahu. The strength 
of the plate is limited by the YSE, and the elastic thickness 
varies laterally because of flexure-induced stress concentrations. 
We describe the relaxation process in six time steps of 0.5 Myr 
duration, which sums to the approximate age of Oahu. Within 
each time step, the flexure was calculated by loading a thin 
elastic plate and iterating until convergence was achieved for 
the corresponding YSE. The strain rate in the ductile flow law 
was computed for each time step assuming the empirical 
relationship? between strain and time. A synthetic stratigraphy 
was constructed by successively adding the differences of 
individual flexure curves. At each time step, we assumed that 
the material filling the flexural moat was deposited horizontally 
and that it infilled to the pre-deformational surface. A com- 
parison between Fig.1 and Fig.2a shows poor agreement 
between the synthetic and the observed section. 

In order to fit the observed section better, the parameters in 
the simple model shown in Fig. 2a were varied. We first investi- 
gated changes in the material influx to the moat by varying the 
level of infill for each time step. We assumed a decreasing rate 
of material influx—consistent with the decrease in average eleva- 
tion of the Hawaiian Islands with time. Figure 2b shows an 
example where infill level rises with time in such a way that the 
final height of the infill is 370m below the pre-deformational 
surface. A limit to the moat infill is in accord with the observed 
differences in sea-floor depths between the bulge and the moat 
(Fig. 1). The stratigraphical pattern produced in the model in 
Fig.2b is one of progressive overstepping towards the bulge 
and little or no divergence of individual horizons towards the 
load. Other variations in the rate of material influx produced 
similar stratigraphical patterns. Decreasing the six time steps to 
0.075 Myr (total of 0.45 Myr.) did not alter the stratigraphical 
pattern significantly. Any further reduction in the time step 
would imply an unreasonably high accumulation rate in the 
moat. A comparison of Fig. 2b with the observed section shows 
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Fig. 2 Synthetic stratigraphy predicted by a two-dimensional con- 
tinuous elastic plate model loaded by a load the size of Oahu. The 
strength of the plate is limited by the YSE and the relaxation 
process is described in six time steps. a, Infill to pre-deformational 
surface. Time step, 0.5 Myr. Ductile flow given by the power law 
and Dorn law with activation energy=510kJ mol” and other 
parameters as defined by Bodine et al’. b, Same as a except for 
infill to a variable level. c, Same as b except that ductile flow is 
given by temperature-dependent newtonian viscosity with activa- 
tion energy =170kJ mol and basal visocity of 10'%-107° Pas 
(ref. 15) When expressed in power law form, the parameters are 
stress power=1 and pre-stress term=1.16x107%- 1.16x 
107! bart s™}, d, Same as b except that the equivalent thermal 
age of the lithosphere is reduced through time. The parameters 
used to produce the models are given in Fig. 5a of Watts et al? 
for the load size, load density, infill and mantle density. 


that while a variable-infill model could explain the pattern of 
overstepping shown in units 1 and 2, it cannot account for either 
the patterns in the upper units or the overall tilting of individual 
reflectors. 

The synthetic stratigraphy shown in Fig.2b could not be 
significantly altered by changing the width of the load or the 
form of the ductile flow law. An increase in the load width, for 
example, would only enhance the pattern of overstepping seen 
in Fig.2b. Moreover, the use of a temperature-dependent 
newtonian viscosity expressed as a power law does not sig- 
nificantly alter the overall pattern in the moat (Fig. 2c). 

We found that the stratigraphical patterns observed in the 
moat could only be explained by a model in which there was a 
further reduction in plate rigidity with time. This reduction was 
achieved by perturbing the oceanic geotherm and hence altering 
the depth at which material responds to loads by thermally 
activated creep. Figure 2d shows a flexure model with similar 
parameters as in the model in Fig. 2b except for the choice of 
the oceanic geotherm. In Fig. 2b, the geotherm is set to corre- 
spond to that of 80-Myr-old sea floor and does not change with 
time. In Fig. 2d, the geotherm is the same for the first two steps 
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Fig. 3 Synthetic stratigraphy produced by using a thin-elastic = 40 i 

plate model and varying the rigidity of the plate through time. O = 

Load, time steps and other parameters are as in Fig.2. In the LJ | 

model, the rigidity is decreased from a normal value of 5x 10°° | 600°¢ 

(elastic thickness, T, =30 km) to a minimum of 10° dyn cm (T, = 

5 km) beneath the load The elastic thickness is decreased linearly : 

; 


towards the centre of the load and the width of the weakened zone 
increases with time step to a maximum value 100 km either side 
of the load. 


of loading as in Fig. 2b, and is subsequently progressively ele- 
vated corresponding to a decrease in effective thermal age with 
time. At the final step of loading, the geotherm corresponds to 
about 44-Myr-old sea floor. 

In contrast to the previously discussed models, the model in 
Fig. 2d compares well with the observed stratigraphical cross- 
section in Fig.1. Specifically, the model shows a divergent 
pattern of horizons toward the load, a tilted sea floor, and 
stratigraphical patterns which closely resemble the succession 
of units in Fig. 1. 

The observed section could also be simulated using a thin 
continuous elastic plate model and progressively decreasing its 
rigidity over successively wider areas with each load step. The 
resulting synthetic stratigraphy (Fig.3) compares reasonably 
well with the observed profile. We found the model pattern, 
however, to be extremely sensitive to the spatial and temporal 
changes in the rigidities that were assumed. 

Figures 2d and 3 show that in order to explain the observed 
stratigraphical patterns, it is necessary to weaken the plate 
progressively over a longer period of time (~1 Myr or more) 
than would be predicted by the YSE. According to the YSE, 
the greatest reduction in rigidity occurs over relatively short 
times (~10*-10° yr). Moreover, the rate of subsidence is small 
after 10*-10° yr, producing stratigraphical patterns of the type 
shown in Fig. 2a-c. In order to account for the divergent reflec- 
tors in the observed profile, a higher rate of subsidence is 
required for longer times (~1 Myr). In the model in Fig. 2d, the 
subsidence rate at the edge of the load is persistent at about 
0.20 mm yr7! for the past 2.5 Myr. Beneath the load, the rate 
increases from 0.25 to 1.00 mm yr™ during the same period. 
Although Moore’ suggested, on the basis of tide-gauge records, 
that Oahu is stable relative to the west coast of the United States, 
Gregory and Kroenke” pointed out the existence of carbonate 
reefs on the southern shelf of Oahu whose depth (>500 m) 
could not be explained by eustatic sea-level change. 

A possible explanation for a sustained weakening of. the 
lithosphere is re-heating and thinning of the lithosphere in the 
vicinity of the Hawaiian ‘hot-spot’. Detrick and Crough”’ sug- 
gested, on the basis of bathymetric data, that 80-Myr-old oceanic 
lithosphere in the vicinity of Hawaii was re-set over a broad 
region to a thermal age of 30 Myr in about 5 Myr following the 
initial heating event. The model in Fig. 2d, in which the geotherm 
is perturbed to an equivalent age of 44 Myr after about 3 Myr, 
is in accord with this suggestion. It may also be possible, as 
Fig. 3 shows, to explain the observed section by a progressive 
broadening of a zone of weakness in the lithosphere beneath 
the load. This could have resulted from continued penetration 
of intrusive material into the portion of the plate that behaves 
elastically on long timescales. The form of this intrusion is 
unknown, but it may correspond to the deep crustal sill complex, 
identified in the recent seismic study” in the vicinity of Oahu. 


Fig. 4 Plot of the elastic thickness of the lithosphere against age 
of the lithosphere at the time of loading. @, Seamount loads; A, 
trenches; (J, mid-oceanic ridge crest topography Numbered circles 
are various estimates’ of elastic thicknesses for the Hawaiian 
Islands. Arrows represent. A, shift of elastic thickness to a younger 
apparent age due to regional re-heating, B, shift of elastic thickness 
to an average lower value due to local thermal perturbation. Solid 
lines are the 300°C and 600°C oceanic isotherms based on a 
cooling plate model. 


The inferred perturbation of the oceanic geotherm associated 
with volcano building has important implications for the 
relationship between elastic thickness and age of oceanic litho- 
sphere at the time of loading’*. According to this relationship, 
the elastic thickness increases with age, following the depth to 
the 450 °C oceanic tsotherm. However, if thermal perturbations 
of the ocean geotherm occur, then some modifications of this 
relationship is expected. Figure 4 shows that if the regional 
geotherm is perturbed in the manner described here, then the 
plotted position of the elastic thickness at Oahu would have to 
be shifted from its age at the time of loading (~80 Myr) to its 
equivalent thermal age (44 Myr). In this case, the Oahu value 
will better fit the depth to the 550°C. If, on the other hand, a 
local re-heating occurs and elastic thickness varies laterally 
(Fig. 3), then the observed average elastic thickness will shift 
towards lower values. 

The seismic reflection profile described here is, we believe, 
the first that was collected in a flexural moat flanking a large 
volcanic island in the interior of a plate. In order to understand 
fully the thermo-mechanical setting of large volcanic loads, more 
data will be required in flexural moats. It will be of particular 
importance to document the age relationships of the strati- 
graphical units in the moat and the subsidence history of the 
island by drilling. These data, together with the development of 
more refined models, will significantly advance our understand- 
ing of the mechanics of flexure. 
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In addition to expressing clonally distributed antigen-specific and 
major histocompatibility complex (MHC)-restricted receptors, T 
cells also express non-clonally distributed surface molecules that 
are involved in T-cell function. Among the most intriguing of the 
latter are L3T4 and Lyt 2, which are expressed on individual T 
lymphocytes in striking, though not absolute, concordance with 
their restriction by either class II or class I MHC determinants’ * 
and which are thought to contribute to the overall avidity of T-cell 
interactions by binding to monomorphic determinants on class II 
and class I MHC molecules, respectively'~*. To examine the ability 
of T cells to recognize a single class IY domain in the absence of 
the remainder of the Ia molecule, as well as to evaluate the 
structural basis for the putative interaction of L3T4 with Ia, a 
recombinant class II/class I murine MHC gene was constructed 
and introduced into mouse L cells'®. Here we demonstrate that a 
subset of class II allospecific cytotoxic T lymphocytes (CTL) can 
specifically recognize and lyse L-cell transfectants expressing an 
isolated polymorphic Ag; domain, and that anti-L3T4 antibody 
can block such killing, a result inconsistent with the highly conser- 
ved membrane-proximal domains of Ia acting as unique target 
sites for L3T4 binding. 

The recombinant class II/class I MHC gene used in the 
present study (illustrated schematically in Fig. 1) consists of the 
exons encoding the leader and 8, domains of the A§ class II 
molecule covalently linked to the exons encoding the C2, trans- 
membrane (TM) and intracytoplasmic (I) domains of the DÌ 
class I molecule. This hybrid gene (A§,/Dé,) encodes a 
chimaeric MHC molecule that is expressed on the surface of 
the transfectant L-cell line JT6.4.1 as a membrane-bound gly- 
coprotein of relative molecular mass 30,000-40,000 that is 
minimally associated with 82-microglobulin’”. This membrane 
protein consists of two external domains, of which the outermost 
(NH,-terminal) domain (A§ ) is a class II MHC gene product 
while the membrane- Proximal domain (D) is a class I MHC 
gene product. This molecule can bẹ immunoprecipitated by 
either monoclonal antibody 10-2.16 (anti-I-A*) or monoclonal 


antibody 34-2.12 (anti-H-2D*). Thus, in contrast to the usual- 


cell-surface expression of a two-chain heterodimer typical of 
class II MHC antigens, JT6.4.1 L cells are novel in that they 
’ express on their cell surface an isolated class II (A§,) domain 
independently of any other class II MHC domains. 

To determine first if the isolated A§, domain expressed by 
JT6.4.1 cells could be recognized by J-A* allospecific T cells, 
anti-I* CTL lines were generated by repetitive in vitro stimulation 
` of unprimed B10.T(6R) spleen cells (whose H-2K, I-A, I-E 
H-2D alleles are referred to as g,q,—-,d) with I*-disparate 
B10. AQR (q, k, k, d) stimulator cells in the presence of con- 
canavalin A (Con-A)-induced supernatant (ConASN)". Figure 
2a-c shows that lines I and IJ contained I-A* subregion- specific 
CTL as they lysed B10.AQR and B10.A(4R) but not B10.T(6R) 
lipopolysaccharide (LPS)-induced target cells, and their lysis of 
B10.A(4R) target cells was specifically inhibited by 10-2.16 
anti-I-A* monoclonal antibody, which did not inhibit the lysis 
of the same B10.A(4R) target cells by an anti-H-2* class I 
allospecific CTL line. In addition to I-A*-specific CTL, lines I 
and II were found to also contain I-E*-specific CTL (data not 
shown), consistent with their greater = of B10. AQR than 
B10.A(4R) targets (Fig. 2). 







10-2-16 34-2-12 


i 
Extracellular Intracellular 


Fig. 1 Schematic diagram of the class II/class I recombinant gene 
(Api/ DŻ) and its protein product. Details of the construction 
are given elsewhere’’. The recombinant gene contains the 5'- 
flanking region, leader exon (L), first intron, 8, exon, and part of 
the second intron of Ag covalently linked to the 3’ part of H-2D%, 
including part of the third intron, the C2, transmembrane (TM) 
and intracytoplasmic (I) exons to the 3’-untranslated (3’UT) region. 
Key restriction endonuclease sites used in the construction are 
shown. H, HindIII, B, BamHI. Boxes represent the indicated 
exons. The domain structure of the protein product encoded by 
the corresponding exons is shown. Broken lines connect the gene 
exons to the corresponding protein domains. Monoclonal anti- 
bodies 10-2.16 (ref. 20) and 34-2-12 (ref. 21), which react with 
determinants encoded by the 8, domain of J-A* and the C2 
domain of H~2D* respectively, bind to the eee domains 
of the chimaeric MHC molecule’® 


The ability of anti-I* lines I and IJ to recognizé and lyse 
various L-cell transfectants was then assessed (Fig. 2d-f). Both 
lines effectively lysed D3 11H3 L-cell transfectants expressing 
conventional I-A* determinants on their cell surface’*. Control 
L-cell transfectants prepared using only the herpesvirus 
thymidine kinase (tk) gene (JT1.1) were lysed significantly less 
well (Fig. 2d, e). The lysis of control L cells was variable and 
was probably mediated by nonspecific lymphokine-dctivated 
killer cells’? propagated along with the I*-specific CTL in our 
ConASN-supplemented cultures, a complication of most experi- 
ments using L-cell transfectants as targets for CTL lines. More 
interestingly, lines I and II also effectively lysed JT6.4.1 L-cell 
transfectants expressing the chimaeric Adi /D%, MHC molecule. 
Such lysis was usually first observed after the third cycle of 
stimulation. Over multiple experiments, lysis of. JT6.4.1 cells 
was less than. that of D3.11H3 cells expressing complete I-A“ 
molecules, even though JT6.4.1 cells had a greater number of 
10-2.16-reactive molecules on their membranes (data not 
shown). It would be expected that lysis .of JT6.4.1 L cells by 
lines I and II is caused by recognition of determinants associated 
with the A§, domain rather than recognition of D¢@-related 
epitopes because: (1) lines I and IJ were generated by stimula- 
tion with an I-region disparity alone and so should not contain 
class I-specific CTL, and (2) B10.T(6R) responder T cells are 
themselves H-2D% and should be genetically tolerant to 
D&-expressed determinants. This expectation was supported 
by the fact that the same CTL lines failed to lyse DMT9.9.4 
L-cell transfectants which express the same membrane-proximal 
class I Der domain as JT6.4.1 but which do not express the 
class II Ag, domain’*. Note that all four L-cell targets were 
equally lysed by class I allospecific anti-H-2¥ CTL effectors 
(Fig. 2f). 

These data suggested that at least a subset of I-A“ allospecific - 
CTL could recognize the isolated A$, domain expressed by 


JT6.4.1 cells, and that they did not require either an Ag. domain 


or an A, polypeptide chain for recognition. To confirm the 
specificity of lines I and II for the isolated Abi domain, we 
attempted to block their lysis of JT6.4.1 L-cell targets by using 
10-2.16 anti-I-A* monoclonal antibody, which binds.to an epit- 
ope on the B, domain of the chimaeric MHC molecule’®’” 
{Fig. 3). The ability of monoclonal antibody 10-2.16 to block 
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Fig. 2 Lysis of LPS blasts and transfectant L cells by anti-I* CTL 
lines. a-c, The anti-I* specificity of lines I and II is demonstrated 
using LPS-induced blast cells labelled with *'Cr as target cells 
(open symbols) in a 4-h *'Cr-release assay at the indicated effector 
to target (E/T) ratios''. Per cent specific lysis was determined 
according to the formula 100 (experimental —spontaneous 
release)/ (maximum —spontaneous release). Targets used: V, 
B10T(6R) (4,4, —, 2); A, B10 AQR (q, k, k, d), and O, B10.A(4R) 
(k, k, —, b). The haplotypes are presented as the H-2K, I-A, I-E 
H-2D alleles respectively The specificity of these CTL lines for 
I-A*-subregron determinants 1s shown by the ability of monoclonal 
antibody 10-2.16 (anti-I-A*) to block lysis of Bi0.A(4R) target 
cells (dashed lines) and the inability of the same monoclonal 
antibody to block lysis of B10.A(4R) target cells by class I allo- 
specific anti-H-2* effectors (c). d-f, the ability of anti-I* lines I 
and II to lyse °!Cr-labelled L cells (closed symbols) was determined 
in a 6-h *'Cr-release assay. L-cell lines used as targets were. @, 
JT1.1, L-cell line transfected with herpesvirus tk gene alone”; A, 
D3.11H3, L-cell line transfected with ik + Ag +A* genes, express- 
ing I-A* determinants'?; W, JT6 4.1, L-cell line transfected with 
tk + A§,/ Dé, recombinant class I1/class | MHC gene, expressing 
the chimaeric MHC molecule described in Fig 17°; and V, 
DMT9.9.4, L-cell line transfected with tk+D4,, expressing the 
membrane-proximal C2 domain of H-2D* (ref. 14) The serological 
phenotype of each L-cell transfectant line was confirmed before 
assay. Each experimental point represents the mean of triplicate 
cultures. Standard errors were always <5% of the mean. 

Methods. Anti-I* lines I and II (a, b, d, e) were generated from 
unprimed B10 T(6R) spleen cells by repetitive stimulations im vitro 
with irradiated (2,000 R) I-region-disparate B10. AQR stimulator 
cells in the presence of 25% (v/v) Con A-induced spleen cell 
supernatants (ConASN) as a source of growth factors'’. All data 
shown were derived from T-cell lines after a minimum of four 
rounds of restimulation. The anti-H-2* CTL line (c, f) was gener- 

ated from B10.D2 anti-B10.BR cultures. 


specifically the lysis of L-cell targets by anti-I-A* CTL is shown 
by the fact that the monoclonal antibody reduced the lysis of 
I-A*-expressing D3.11H3 L cells by lines I and H to the level 
of nonspecific background lysis observed on JT1.1 control L 
cells (Fig. 3a, b, g, h). More importantly, anti-I-A* monoclonal 
antibody 10-2.16 also inhibited the lysis of JT6.4.1 L cells 
expressing the chimaeric MHC molecule to the level of back- 
ground lysis observed on JT1.1 control L cells (Fig. 3d, e); this 
inhibition was specific in that monoclonal 10-2.16 antibody did 
not inhibit the nonspecific background lysis of control JT1.1 L 
cells by lines I and II (Fig. 3g, h), and did not inhibit the class 
I-specific lysis of any of the L cells by anti-H-2K* CTL 
(Fig. 3c, f, i). Note that, in contrast to the blocking effect of 
anti-I-A* monoclonal antibody 10-2.16, lysis of JT6.4.1 L cells 
by lines I and II was never inhibited by anti-D&, monoclonal 
antibody 34-2.12, which binds to an epitope present on the 
membrane-proximal class I domain of the chimaeric MHC 
molecule’? (data not shown). Thus, these data demonstrate that 
the outermost domain of the class II/class I chimaeric MHC 
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Fig. 3 Lysis of L cells expressing the chimaeric class II/class I 
MHC molecule (A§,/D4,) by I~A* allospecific CTL is blocked 
by anti-I-A* monoclonal antibody. L-cell lines were *'Cr-labelled, 
then incubated with either medium alone (——) or anti-I-A* 
monoclonal dntibody 10-2.16 (~---) at 25 ug ml™! final con- 
centration for 30 min at 37 °C. At that time, anti-I* line I (a, d, g), 
anti-I* line II (b, e, h), or anti-H-2K* CTL effectors generated in 
B10.AQR anti-B10 A primary cultures (c, fi), were added to the 
target cells at the indicated E/T ratios for 6 h. The 10-2.16 blocking 
monoclonal antibody was present during the entire 6-h *'Cr-release 
assay. Per cent specific lysis was calculated according to the formula 
in Fig. 2 legend. Lysis of control B10.T(6R) LPS targets was =2%. 
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molecule can be recognized by a subset of class II allospecific 
T cells. 

As the chimaeric MHC molecule expressed by JT6.4.1 L cells 
lacks both the 8, and a, membrane-proximal domains of Ia, it 
was especially interesting to examine whether L3T4* I-A* allo- 
specific CTL could lyse JT6.4.1 L cells, and whether the L3T4 
molecule has any role in such lysis. Lines I and II were found 
not to be useful for answering this question as phenotyping of 
these lines by immunofluorescence revealed that both were 
predominantly L3T4~ Lyt2*, which is a commonly observed 
phenotype among long-term class II allospecific CTL lines and 
clones'’. Consequently, to generate an anti-I-A* CTL line (line 
III) that was entirely L3T4* Lyt 27, B10.T(6R) x B10.D2 respon- 
der spleen cells were treated with anti-Lyt 2 monoclonal anti- 
body plus complement on day 0 before the initiation of culture 
and again on day 7 after primary sensitization, to deplete the 
culture of Lyt 2* cells. These responder cells were repetitively 
stimulated at weekly intervals with I*-disparate irradiated 
B10.AQR stimulators in the presence of ConASN. At week 4, 
line III was phenotyped by immunofluorescence and >99% of 
the cells were found to be L3T4* Lyt2~ (data not shown). 
Simultaneously, the MHC specificity of line II] was determined 
(Fig. 4). Line III lysed I*-bearing B10.AQR (q,k,k,d) and 
B10.A(4R) (k, k, —, b) LPS targets, but lysed neither B10.T(6R) 
(4, q, —, d} nor B10.D2 (d, d, d, d) LPS targets (Fig. 4a-c). That 
line III contained I-A* subregion-specific CTL is shown by the 
fact that anti-I-A* monoclonal antibody 10-2.16 specificially 
inhibited lysis of B10.A(4R) target cells (which express only 
1-A* class II molecules) but did not inhibit lysis of B10.AQR 
target cells (which express both I-A‘ and J-E* class II 
molecules) (Fig. 4b, c). In addition, consistent with its L3T4* 
Lyt 27 phenotype, lysis by line III of B10.AQR and B10.A(4R) 
LPS targets was inhibited completely by monoclonal antibody 
anti-L3T4, whereas lysis of these targets by a Lyt2* class I 
anti-H-2*" CTL line was not (Fig. 4b-d). 

Line III was next tested for its ability to lyse L-cell targets. 
Background lysis of JT1.1 control L cells by line III was always 
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Fig.4 Lysis of L-cell transfectants expressing the 
chimaeric MHC molecule by L3T4* Lyt 2” anti-I-A* 
allospecific CTL. a-c, Specificity of line III, using LPS 
targets (open symbols) from: V, B10.T(6R) (4, q, —, d); 
O, B10.D2 (d,d,d,d); A, B10.AQR (q, k kd), O, 
B10.A(4R) (k, k, —, b); and ©, B10 (b, b, —, b) Lysts of 
B10.AQR targets (which express both I-A" and I-E* 
class IJ molecules) and B10 A(4R) targets (which 
express only I-A* class II molecules) was carried out 
either ın the absence of blocking antibodies ( ) or 
in the presence of. 25 pg ml! 10-2.16 anti-I-A* mono- 
clonal antibody (- ~~) or 25% culture supernatant of 
H129.1a anti-L3T4 monoclonal antibody (- : + +). Anti-I- 
A* monoclonal antibody blocked lysis of B10.A(4R) 
LPS target cells by line HI (c) but did not block lysis 
of B10 AQR LPS target cells by line IIT (b), demonstrat- 
ing that inhibition of lysis by anti-I-A* monoclonal 
antibody was specific and that line III contained both 
I-A* and a predominance of I-E" subregion-specific 
CTL. Anti-L3T4 monoclonal antibody blocked the anti- 
I-A* cytolytic activity of line III (b,c) but did not 
interfere with the lysis of these same LPS targets by a 
class I anti-H-2* allospecific line (d) e—h, Ability of 
anti-I* line HI and the antı-H-2* line to lyse L-cell 
transfectants. CTL effectors in graded numbers were 
preincubated in microtitre wells with either medium 
alone ( ) or H129.1a anti-L3T4 monoclonal antibody 
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(--+ } at 37°C for 30 min, at which time 1,500 °'Cr-labelled L-cell targets were added to each well. Per cent specific lysis was determined at 
the end of the 6-h *'Cr-release assay L-cell targets used: @, JT1.1 (tk only) (e); A, RT4.1SHP(tk-+ Ap’? + Ag)? (f, h); and W, JT.6.4.1 


(tk+ A5,/ Dez) (g, h). 


Methods. Anti-I* Itne III was generated from B10.T(6R) x B10.D2 spleen cells that had been treated with ant!-Lyt 2.2 monoclonal antibody 
(83-12-5 IgM, k) plus complement on days 0 and 7 of culture. These Lyt 2~ responders were stimulated weekly with I*-disparate B10.AQR 
stimulators in cultures supplemented with ConASN (25% v/v). The anti-H-2* CTL line was generated from B10 spleen cells repetitively 
stimulated with B10.BR cells in ConASN-supplemented cultures. The T-cell phenotype of anti-I* line IJ] as determined by direct immunofluores- 
cence and flow microfluorimetry was L3T4* Lyt 27 as >99% of the cells were positively stained by anti-L3T4 (H129.1a) monoclonal antibody”, 
and <1% were stained with either anti-Lyt 2.2 monoclonal antibody or with a control anti-Leu 1 monoclonal antibody. 


negligible (Fig. 4e), indicating that nonspecific background lysis 
of L cells by in vitro-generated killers is probably mediated by 
Lyt 2* cells. As would be expected, the anti-I-A* CTL of line 
III significantly lysed the RT4.15HP L-cell linet? which expresses 
polymorphic I-A“ determinants (Fig.4f). (The 6-chain of 
RT4.15HP is encoded by an exon-shuffled gene encoding the 
A%, external domain and an Ag. membrane-proximal domain.) 
This lysis of RT4.15HP L cells was significantly inhibited by 
anti-L3T4 monoclonal antibody. Interestingly, line HI also lysed 
JT6.4.1 L cells expressing the chimaeric MHC molecule 
(Fig. 4g), and such lysis could be specifically blocked by I-A*- 
bearing B10.A(4R) cold target inhibitors (data not shown). 
Furthermore, contrary to the possibility that L3T4 binds to 
monomorphic determinants expressed on the membrane- 
proximal domains of Ia, lysis of JT6.4.1 L cells by line III was 
also markedly inhibited by anti-L3T4 monoclonal antibody (Fig. 
4g). The inhibition of JT6.4.1 L-cell lysis by anti-L3T4 mono- 
clonal antibody was specific as this reagent had no effect on the 
class I-specific lysis of JT6.4.1 or RT4.15HPL cells by Lyt 2* 
anti-H-2" CTL (Fig. 4h). Thus, L3T4* anti-I-A* CTL recognized 
the isolated class If A§, domain expressed by the chimaeric 
molecule, and their lysis of target cells bearing this domain was 
blocked by anti-L3T4 monoclonal antibody. 

The present data reveal two unexpected findings concerning 
T-cell allorecognition and cell interaction. First, the allospecific 
CTL analysed here do not require an appropriate A, gly- 
coprotein to recognize the Ag, domain and, in fact, can recognize 
the isolated Ag; domain in the absence of any other class H 
domains, even though these CTL were generated in response to 
complete [a determinants expressed by normal spleen stimulator 
cells. This finding contradicts suggestions of an important role 
for A,-chain polymorphisms in the activation of antigen-specific 
class I]-restricted T hybridomas (R. Lechler, N. Braunstein, F. 
Ronchese and R.N.G., manuscript in preparation). Elucidating 
the basis for this difference may prove especially informative. 
Second, the present data also demonstrate that the function of 
the L3T4 molecule in T-cell interactions does not require the 
presence on target cells of any a@,, a, or 8B, Ia domains. Hence, 
these results effectively exclude the possibility that the L3T4 


molecule contributes to the avidity of class II-restricted T-cell 
interactions by exclusively binding monomorphic MHC deter- 
minants present on the membrane-proximal domains of Ia. 
Instead, if L3T4 is a ligand-binding molecule’, the present 
results indicate either that its ligand is present in the highly 
polymorphic £8, domain of Ia or that its ligand need not be a 
class II MHC-encoded gene product. Alternatively, the present 
results are quite compatible with the possibility that L3T4 is not 
a ligand-binding molecule at all, and that anti-L3T4 monoclonal 
antibody either disrupts the cell-surface association of the multi- 
ple peptide chains involved in the formation of a functional 
antigen-receptor complex on the T-cell surface, or in some other 
way results in the generation of a functional ‘off’ signal for 
L3T4* T cells!®"’. 
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The T11 sheep erythrocyte binding glycoprotein“ [relative 
molecular mass (M,) 50,000 (50K)] is expressed throughout human 
T-lymphocyte ontogeny and appears to play an important physio- 
logical role in T-cell activation. Thus, the treatment of T cells 
with certain monoclonal anti-T11 antibodies results in antigen- 
independent polyclonal T-cell activation as assessed by pro- 
liferation and lymphokine secretion. In addition, the majority of 
thymocytes that have not yet acquired the T3-Ti antigen/major 
histocompatibility complex (MHC) receptor can be activated to 
express interleukin-2 (IL-2) receptors through this T11 struc- 
ture”. We show here that the triggering of cytolytic T (T.) cells 
via Til causes an antigen-independent activation of the cytolytic 
mechanism as evidenced by the induction of nonspecific cytolytic 
activity. Furthermore, T11°T3 Ti” natura! killer (NK) cell clones 
can also be induced to lyse NK-cell-resistant targets by treatment 
with anti-T11 monoclonal antibodies directed at defined T11 epit- 
opes. These results indicate that T11 triggering can activate 
cytotoxic lymphocytes to express their functional programmes in 
the absence of specific antigen recognition via the T3-Ti complex 
and provide further evidence for the notion that certain NK cells 
and T lymphocytes are related. 

We have previously identified three distinct „epitopes on the 
50K T11 molecule using monoclonal antibodies*. While the T11, 
and T11, epitopes are expressed on resting as well as activated 
T cells, anti-T1 1, antibodies recognize a spatially distinct epitope 
that is preferentially expressed on mitogen- or antigen-activated 
T lymphocytes and thymocytes. Interestingly, the T11, epitope 
can be induced on resting T cells within 30 min at 0°C by 
treatment with anti-T11,, thus implying that it is conformational. 
These studies have also shown that the combination of anti-T11, 
and anti-Tll, (and to a lesser extent certain anti-T11, and 
anti-T11, antibodies) can induce I1L-1-independent polyclonal 
T-cell activation as measured by proliferation and lymphokine 
secretion. 

To determine whether T11 triggering could activate T,-cell 
effector function, we examined the effect of anti-T11 monoclonal 
antibodies on the lysis of target cells by alloreactive T.-cell 
clones (Fig. 1). QQ is a representative T8* T,-cell clone specific 
for the HLA-B7 molecule expressed by Laz 156, an allogeneic 
Epstein-Barr virus (EBV)-transformed B-lymphoblastoid cell 
line. As shown in Fig. 1, in the absence of anti-T11 antibodies, 
this clone lyses Laz 156 but not Laz 509, an EBV-transformed 
B-cell line derived from a donor possessing a different HLA 
genotype. Anti-T11, strongly inhibits the specific lysis of Laz 156. 
Similar inhibitory effects have been observed with other anti-T11 
antibodies that block rosetting®”. However, saturating con- 
centrations of anti-T11, or anti-T11, give only minimal inhibition 
of specific cytolysis. More importantly, anti-T11, in combination 
with either anti-Ti1, or anti-T11, induces clone QQ to lyse the 
inappropriate lymphoblastoid target Laz 509. Monoclonal anti- 
bodies to other cell-surface markers expressed by QQ (anti-T1) 
or not expressed by QQ (anti-T4 and anti-T6) separately (see 
Fig. 1) or together (not shown) have no such effect. Thus, anti- 
Til-induced cytotoxicity results from the synergistic effects of 
particular combinations of anti-T11 monoclonal antibodies 
(anti-T11, plus anti-T11, or anti-T11, plus anti-T11,). This result 
suggests that cross-linking of T11 may be important in T,-cell 
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Fig. 1 Lysis of *'Cr-labelled B-lymphoblastoid target cell lines 
Laz 509 and Laz 156 by the alloreactive T -cell clone QQ in the 
presence and absence of anti-T11 monoclonal antibodies (a@T11). 
Clone QQ is a T3*T4-T8*T11* T,-cell clone specific for the HLA- 
B7 molecule on the allogeneic EBV-transformed B-cell line Laz 
156 (HLA genotype: A2, A3, B7, B40, Dr2,4). T-cell clones specific 
for Laz 156 were isolated as previously described”. 

Methods. Peripheral blood mononuclear cells isolated by Ficoll- 
Hypaque density gradient centrifugation were stimulated with 
‘irradiated (5,000 R) Laz 156 and cloned on day 5 in soft agar. 
Clones were expanded ın liquid culture by restimulation with 
irradiated Laz 156 and IL-2-containing supernatants. The surface 
phenotype was determined by indirect immunofluorescence on an 
Epics V cell sorter as described previously”®. Laz 509 is an EBV- 
transformed B-cell line from an HLA-disparate donor (HLA 
genotype: A2, A25, B13, Bw38, Cw6, Dr7). The monoclonal anti- 
bodies anti-T11,- (igG2b), anti-T11, ({gG2a) and anti-T1 l1; (IgG3) 
were produced and characterized as described elsewhere’ and were 
used in ascites form at a 1:100 final dilution In other experiments, 

dose-dependent blocking and activating effects have been observed 
at dilutions of ascites between 1: 100 and 1: 1,000 and at concentra- 
tions of purified antibody of 1-100 pg ml~’. Control antibodies to 
other T-cell surface structures such as T1 and irrelevant control 
antibodies are consistently negative for these effects. Isotype- 
matched irrelevant control antibodies anti-T4 (IgG2a) and FLOPC 
21 (IgG3) alone or in combination are consistently negative in 
these experiments at dilutions of ascites as high as 1:100 Lysis 
was measured using a standard *'Cr-release assay in which T, cells 
and labelled targets were mixed at a 3:1 ratio in the presence of 
the indicated concentrations of antibody in a final volume of 0.2 ml. 
After centrifugation (1,200 g, 10 min), assay plates were incubated 
for 4h at 37°C before re-centrifugation and removal of aliquots 

of supernatant for assay of y radioactivity. 


activation, although other factors appear to be involved because 
the combination of anti-T11, and anti-T11, does not induce 
activation and because previous studies have shown that anti- 
T11, or anti-T11, alone cannot induce T-cell proliferation when 
coupled to Sepharose’. 

The induction of antigen-independent cytotoxicity by anti-T11 
antibodies clearly results from the action of the antibodies on 
the T,-cell clone because (1) these targets do not express T11 
and (2) the anti-T11 antibodies do not induce lysis of target 
cells in the absence of T, cells. Furthermore, the effect can also 
be observed if the T, cells are pretreated with the anti-T11 
antibodies (data not shown). 

In addition to QQ, two other T,-cell clones, HH and J, were 
induced to express nonspecific cytolytic activity by treatment 
with anti-T11, plus anti-T11, (Fig. 2). In contrast, the two 
alloreactive non-cytotoxic inducer clones, AA7 and AA10, were 
not triggered to kill by treatment with anti-T11, and anti-T11, 
antibodies. Thus, it appears that T lymphocytes that have 
acquired cytolytic function during differentiation can be induced 
to lyse a variety of target cells in an apparently nonspecific 
fashion by treatment with appropriate combinations of anti-T11 
antibodies. On the other hand, cytotoxicity is not induced in 
clones whose active genetic programme lacks the cytotoxic 
machinery. A similar finding was noted in earlier lectin approxi- 
mation studies'®, Because mitogenic lectins bind to T11 and the 
T3-Ti complex'''*, this similarity is perhaps not surprising. 

To determine whether anti-T1l-induced cytotoxicity occurs 


` 
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Fig. 2 Effect of anti-T11 antibodies on cytolytic effector function 
of various T-cell clones. HH and J are T8* alloreactive T,-cell 
clones (phenotype T3*T4-T8*T117) generated by stimulation with 
Laz 156. AA7 and AA10 are alloreactive non-cytolytic T-cell clones 
(phenotype T3*T4*T8"T11*) generated by stimulation with Laz 
509. The effect of these clones on 2°Cr release by Laz 509 and Laz 


156 was examined in the absence of anti-T11 antibodies (a) and > 


in the presence of anti-T11, and anti-T11, (b). These clones were 

isolated and characterized as described above for QQ. Antibodies 

were used in ascites form at a 1:100 final dilution. ' Lysis was 

measured in a ‘standard °'Cr-release assay at an effector/target 
ratio of 10:1. 


through effector mechanisms analogous to those involved in 
specific cytotoxicity, we compared antigen-specific and anti-T11- 
induced cytotoxicity with respect to parameters affecting 
cytolytic activity, including calcium requirements, temperature 
sensitivity, cell-contact dependence and susceptibility to inhibi- 
tion by anti-T8 antibodies. The results are summarized in Table 
1. Calcium is known to be required in the lethal hit stage of 
antigen-specific cytotoxicity". We found that it is also 
required for anti-T11-induced cytotoxicity because lysis is com- 
pletely inhibited by EGTA. In addition, both antigen-specific 
and’ anti-Tll-induced cytotoxicity are inhibited by low tem- 
perature. However, anti-T11-induced cytotoxicity appears to be 
more temperature sensitive because lysis of Laz 509 and Laz 
156 in the presence of anti-T11 antibodies is completely inhibited 
at 25 °C whereas specific killing of Laz 156 by QQ is only reduced 
by ~50%. Furthermore, no stable cytolytic factor is detected in 
the supernatants of T,-cell clones triggered with anti-T11, plus 
anti-T11, in this assay system. Consequently, it is likely that 
either cell contact or close effector-target cell proximity is 
required for anti-Tll-induced cytotoxicity. This would not be 
unexpected if T11 triggering results in the exocytosis.of granules 
containing a presumptive T-cell lysin that is analogous to bac- 
terial toxins or the terminal lytic complement complex and hence 
unstable in solution’®’’, Evidence for such lytic granules has 
been obtained for both T, and NK cell clones!®!°. 

These mechanistic similarities between antigen-specific and 
anti-T11-induced killing suggest that T, cells damage target cells 
in the same way whether activated through the T3-antigen recep- 
tor pathway or via the T11 molecule. Although T11 triggering 
induces lymphotoxin (LT) secretion by T-cell ‘clones, it is 


unlikely that anti-T11l-induced cytotoxicity is mediated by LT < 


alone because the anti-T11-induced lytic effect can be measured 
in a 4-h assay using a variety of target cells, including those 
which are resistant to the effects of LT. In contrast, the detection 
of LT-mediated cytotoxicity generally requires sensitive target 
cell lines, longer assays and prior target cell conditioning?™*'. 

Antigen-specific and anti-T11-induced cytotoxicity differ with 
respect to susceptibility to inhibition by antibodies to T8 (Table 
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Fig. 3 Lysis of various target cells by T,-cell clone QQ and by 
NK cell clone JT3 in the absence (a) and presence (b) of anti-T11, 
and anti-Tl1,. JT3 is a T3°-Tl1* NK cell clone that has been 
described in detail elsewhere”. Targets include Laz 509, Laz 156, 
allogeneic peripheral blood lymphocytes isolated by Ficoll- 
Hypaque density gradient ‘centrifugation, and K562, an NK-cell- 
sensitive line established from a patient with chronic myelogenous 
leukaemia. Antibodies were used in ascites form at a 1: 100 final 
dilution. Lysis was measured in a standard 4-h *'Cr release assay 
at an effector/target ratio of 10:1 


i). Thus, whereas antigen-specific cytolysis by clone QQ is 
completely inhibited by anti-T8, anti-T11-induced killing by the 
same clone is virtually unaffected. In this regard, previous studies 
have shown that anti-T8 inhibits antigen-specific cytolysis at the 
initial conjugate formation step**. Therefore, the failure of anti- 
T8 to inhibit anti-T1l-induced cytotoxicity suggests that the 
adhesion-promoting function of the T8 molecule may be impor- 
tant for facilitating antigen receptor-target cell interactions but 
not for the delivery of lethal hits once the cytolytic effector 
mechanism has been activated. As is the case with anti-T8, a 
monoclonal antibody (W6/32) to class I MHC gene products 
inhibited antigen-specific but not anti-T1ll-induced cytotoxicity 
(data not shown). 

The vast majority of human NK cells, like early thymocytes, 
lack Ti a-chain messenger RNA, and consequently express no 
surface T3-Tr complex. Nevertheless, the 50K T11 glycoprotein 
is found on the surface of most NK cells. These results suggest 
that certain NK cells may be related to T-lineage precursors***°, 
which made it important to examine the effects of anti-T11 
antibodies on T11*T3~ NK cell.clones. Í 

As shown in Fig. 3, in the absence of monoclonal antibodies, 


` the previously described” representative T11*T3~ NK clone JT3 


efficiently kills the NK-sensitive target K562 but not peripheral 
blood lymphocytes or either of two B-lymphoblastoid target 


Table 1 Comparison of antigen-specific and T11-induced cytotoxicity 


,; Anti-Tll,+ % Specific *'Cr release 
Effector Conditions anti-T11, Laz 509 Laz 156 
QQ Control = 6 81 
QQ Control + 47 68 
QQ 5 mM EGTA _ 0 1 
QQ 5 mM EGTA + 2 47 
QQ 25°C - 2 42 
QQ 25°C $ 3 5 
None Supernatant* m 1 0 
QQ Anti-T8 ~ 6 9 
QQ Anti-T8 + 50 54 


The lysis of Laz 509 and Laz 156 by T,-cell clone QQ was measured 
in the absence and presence of anti-T11 antibodies in the indicated 
conditions. Anti-T11 antibodies were used in ascites form at a 1.100 
final dilution. In one set of wells, effector cells were omitted and replaced 
with cell-free supernatants of clone QQ triggered with anti-Tll, and 
anti Til, for 4h. The supernatants were used at a 50% final concentra- 
tion. The monoclonal antibody to T8 has been described previously”. 

* Supernatant of clone QQ triggered with anti-T11, and anti-T11, at 
final dilutions of 1: 100 each for 4h. 
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lines tested. This specificity pattern is clearly distinct from that 
of the Laz 156-specific T,-cell clone QQ. However, after incuba- 
tion with anti-T11, and anti-T11, antibodies, both JT3 and QQ 
kill all of the target cells to varying degrees. Similar data were 
obtained for the independently derived NK cell clone JThig 
(ref. 23). This ability of anti-T11 antibodies to induce killing 
activity from cells that lack a T3~Ti antigen/MHC receptor 
complex clearly implies that the T11 molecule represents an 
alternative pathway of cell activation as documented for inducer 
cells’. More importantly, these findings suggest that the T11 
molecule may be a critical structure for inducing cytolytic func- 
tion in NK cells as well as T, cells. The question of whether the 
putative NK cell receptor for specific target antigens is associ- 
ated with or is unrelated to the T11 structure will require further 
investigation. 

A recent report suggests that certain monoclonal antibodies 
to the 20-25K T3 molecule can also induce nonspecific cytolytic 
activity”. Since T3 forms part of the T-cell antigen receptor 
complex??? these antibodies are probably mimicking the phy- 
siological effects of antigen. The present study identifies T11 as 
a second T-cell surface structure through which the cytolytic 
effector mechanism can be activated. The ability of anti-T11, 
antibodies to inhibit antigen-specific cytolysis suggests that the 
T11 molecule may also be essential for the activation of cytolytic 
effector function through the T3-Ti complex. This notion is 
supported by the observation that the combination of anti-T11, 
plus anti-T11,; induces nonspecific cytotoxicity and yet reduces 
the level of specific killing to that of nonspecific killing (Fig. 1). 
These findings suggest that the T3-Ti and T11 pathways work 
in series rather than in parallel in mature T lymphocytes. Further 
support for this notion comes from the observation that the 
T3-Ti pathway regulates activation through T11°. 

The precise function of the T11 molecule in the physiology 
of lymphocyte activation remains uncertain. Nevertheless, it is 
clear that monoclonal antibodies to T11 and to the T3-Ti com- 
plex induce rapid transmembrane calcium flux resulting in 
increased intracellular free calcium concentrations*°*, This 
alteration appears to be directly or indirectly necessary for IL-2 
gene and IL-2 receptor gene activation and for the induction of 
the cytolytic programme. In fact, the calcium ionophore A23187 


induces nonspecific lytic activity of T,-cell clones similar to that. 


observed with anti-T1l1, plus anti-T11, (data not shown). Since 
the binding of anti-T11 antibody to T11°T3~ thymocytes induces 
calcium flux (Alcover et al, submitted), it is obvious that the 
location of a putative calcium channel is not restricted to the 
T3 molecules themselves (if, in fact, one exists there). Thus, a 
‘ membrane calcium channel could exist’ either within the T11 
structure or elsewhere. Alternatively, T11 might function either 
to affect levels of inositol phosphates, cyclic nucleotides, GTP 
binding proteins or other ions including sodium, potassium or 
protons that could alter membrane potential. Primary structural 
analysis of the T11 molecule and liposome reconstitution studies 
will be useful in elucidating some of these possibilities. 
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The immune system of higher organisms is composed largely of 
two distinct cell types, B lymphocytes and T lymphocytes, each of 
which is independently capable of recognizing an enormous number 
of distinct entities through their antigen receptors; surface 
immunoglobulin in the case of the former, and the T-cell receptor 
(TCR) in the case of the latter. In both cell types, the genes 
encoding the antigen, receptors consist of multiple gene segments 
which recombine during maturation to produce many possible 
peptides’ *. One striking difference between B- and T-cell recogni- 
tion that has not yet been resolved by the structural data is the 
fact that T cells generally require a major histocompatibility 
determinant together with an antigen’®?! whereas, in most cases, 
antibodies recognize antigen alone. Recently, we and others have 
found that a series of TCR Vp gene sequences'~” show conserva- 
tion of many of the same residues that are conserved between 
heavy- and light-chain immunoglobulin V regions, and these Vg 
sequences are predicted to have an immunoglobulin-like secondary 
‘structure'*’*, To extend these studies, we have isolated and se- 
quenced eight additional a-chain complementary cDNA clones 
and compared them with published’*"’* sequences. Analyses of 
these sequences, reported here, indicate that V,, regions have many 


‘of the characteristics of Vz gene segments but differ in that they 


almost always occur-as cross-hybridizing gene families. We con- 
clude that there may be very different selective pressures operating 
on V, and Vg sequences and that the V, repertoire may ne 


_ considerably larger than that of Vz. 


Eight cDNA libraries derived from functional T-cell lines or 


hybrids were screened by standard procedures using a-chain . 


constant-region (C,) and -chain constant-region (C,)-specific 
probes, One a-chain cDNA clone from each library was sequen- 
ced by the procedure of Maxam and Gilbert!’ and the sequences 


t Permanent address Weizmann Institute, Rehovot 76100, Israel 
t Present address Walter and Eliza Hall Institute, Melbourne, Australia 


é 


NATURE VOL 317 3 OCTOBER 1985 


ad 


e 


LETTERS TONATURE = 





i —V—~ 
HS tuyvyskV EF LR tO 6G Y t& &$ &@ EK ¥ OOS PE S&S kL 1 Vv PE GARY 5S OOO OS UF OUSlUlUc llc KU A SU Ul) lua Ww OY Oe Oo aR OP OG UK OG OP KK AL] 


CATICCTTACATGTTTCACTAGYGTICCTCTGGCT TCAACTAGGIGGCGT GAGCAGCCAGGAGAAGGTACAGCAGAGCCCAGAATECCTCATTGT CCCAGAGGGAGCCATCOTCTCCCTCAAC I GCASTTTCAGCGACAGTGCT TCTCAGTCCATE IGGTGGTACCAACAGCATCCTGGGAAAGGCCCCAAAGCACTAATA 
CSA sitFsSwGoNKKEGRLIVYITLHRASLHVSLKHEEKOSQAQPSDSAVYLCAVRRSGANTGKLITFGHGTILLREVYVHPWHQ 
TCCATCTTCTCTAATGGCAACAAGAAAGAACGCAGATICGACAGTTTACCTCAATAGAGCCAGCCTGCATCTTICCCTGCACATCAAAGAL TCCCAGCCCAGIGACTCCGCTGTCTALCTCTGTGCAG GAGAAGAAECEGAGCTAACACTGGAAAGCTCACGT TTGGACACUGCACCATCCT TAGEGTCCATCCAAACATCCAG 
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Fig. 1 a, Sequences of variable regions from functional T-cell b 
cDNA libraries. The C5, El and LB2 libraries have been reported 1 : 10 i 
previously'?. These, as well as the MDA, MD13-10 (abbreviated SGANTG F HER HIP] NIQ c5 
, i YGGS$GN F LILJS|¥VIK|P| NIQ T¥1l 
to MD13) and P71 librares were all constructed by the method GFAS F KVilvitipP] YIQ HDS58 
of Okayama and Berg”. The 2B4 library was made using the Agti0 GSALG F QiL[Iivirie| DIQ FN}-18, LB2 
vector” as reported previously”, and the FN1-18 library was made VT G/GINN F VILIS|ViI]P) DIQ 284 
in the same fashion. Screening with C, and C, radiolabelled T M : J : i k i + i : Di P71 
probes was by standard procedures The first three amino acids of NN F giiiviv]klp| NIQ MD13-10 
the constant region are shown at the end of each a-chain sequence. 
The leader junction is approximate and has been set at amino acids = = -=--- F RLTVL Jg consensus 
19-21, based on V, homologies to immunoglobulins. The V,,-J, mann a : 4 : ` : a JH consensus 
junction is also approximate and appears to vary from three to ada ade 


four codons 3’ to the conserved cysteine at position 92, based on 





germline V, sequences (ref. 9 and R Wallich, unpublished observation). T-cell specificities: of the T-helper cells, C5 responds to the 
dinitrophenol-ovalbumin (DNP-OVA) antigen and 1s restncted by I-A” (ref 18), El responds to trinitrophenol (TNP) on a variety of carriers 
and ıs restricted to I-A‘ (ref 18), LB2 and MD13-10 are both reactive with chicken red blood cells (the former restricted by I-A” and the 
latter by I-A‘; ref. 19), 2B4 responds to pigeon cytochrome c and is restricted by I~E* (ref. 20), FN1-18 1s specific for keyhole limpet 
haemocyanin (KLH) and is restricted by I-E* and a number of other Ia molecules? The two cytotoxic T cells, MDA and P71, are both 
alloreactive for D° (ref 22). Strain origins: C5, LB2 and FN1-18 are of C57BL/6 origin, El, MDA, P71 and MD13-10 are BALB/c and 2B4 
is from B10.A. b, Summary of the eight distinct J, sequences, and comparison with their immunoglobulin equivalents The first three amino 
acids of the a-chain constant region are also shown separated from the J, sequences (see text). 


are presented in Fig. 1a; a B-chain cDNA clone from the MDA 
hybridoma was also sequenced (Fig. 1a). B-Chain sequences 
for many of the other lines are given in the literature'*. The 
antigen/major histocompatibility complex (MHC) specificities 
of the cell lines and their strains of origin are summarized in 
Fig. 1 legend. Six of these (C5, El, 2B4, MDA, LB2 and 
FN1-18)'*7! are of the T helper phenotype in that they release 
interleukin-2 in response to antigen and are Ia (class II)- 
restricted. Two (MDA, P71)” are cytotoxic T-cell hybridomas 
alloreactive for D end molecules of the b haplotype. The Vg- 
chain sequence of MDA is the same as the TB23 V, reported 
by Barth et al.. All the a-chain cDNAs used the same constant 
region, consistent with the finding that there is a single a-chain 
constant region in the genome’. One of the a-chains, MD13-10, 
appears to represent a frameshift at the V-J junction, the 
approximate boundary region marked by a solidus in Fig. la. 
This is a relatiyely common occurrence in immunoglobulins”, 
reflecting the imprecision of the j joining process** and examples 
of this have recently been seen in -chain genes (ref. 25 and 
N. Lee et al, in preparation), an indication of the similarity of 
this mechanism between T-cell receptor genes and those of 
immunoglobulin. These sequences also indicate the existence 
of six new J, gene segments (Fig. 16); together with the two 


mouse sequences in the literature’*”°, this makes a total of eight 


distinct J,s out of 10 cDNA sequences. This indicates that the 
J,, repertoire, like that of J, (ref. 4), is very large. Homologies 
between these distinct J regions and consensus sequences for 
Jp, Jy and J, are also shown in Fig. 1b. The 5’ and 3° borders 
of the J, segments are based on the genomic sequence of the 
TT11 and 2B4 J, segments (T. Lindsten and R. Wallich, unpub- 
lished observations) as well as that of 2C2 (ref. 9). As noted 
previously'*"'* these J, sequences have many of the conserved 
features of immunoglobulin J regions as well as those of the 
B-chain. Another interesting feature of the J-region comparisons 
is that both J, and J, are quite large; for the former, 17-20 
amino acids, and the latter, 15-17 amino acids. This differs from 
the case of immunoglobulins where Jy comprises 13-19 amino 
acids and J, and J, are uniformly 13 amino acids long”®. Thus, 
the size constraints on these segments of the T-cell receptor 
seem different from those of immunoglobulin and may indicate 
a slightly different type of structure in that portion of the 
molecule. Iri this same context, the J, sequences are shifted one 
amino acid N-terminal compared with immunoglobulin J 
regions (as are the T-cell receptor-like y-chain genes”) but the 
J, sequences are not, again perhaps indicating different struc- 
tural constraints. Figure 1b also shows the rather variable first 
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amino acid of the constant region; this variability stems from 
the fact that the first nucleotide of this codon is derived from 
the J, segment (ref. 9 and C. Goodnow, unpublished observa- 
tions). 

The T cells which share J, sequences (FN1-18 and LB2, E1 
and P71) have neither antigen specificity nor MHC-restricting 
elements in common (see legend to Fig. 1a), nor is there any 
obvious correlation between the V, and Vg usage. This seems 
to be another indication of the diversity of the T-cell response. 
In cases of a very narrowly defined specificity, with a small 
antigen and the same restricting element, such as pigeon cyto- 
chrome c, the same V and J regions of the 6-chain are used 
repeatedly”®. 

The V, amino-acid sequences, shown in Fig. 1a, were com- 
bined with the two mouse’*!> and two human sequences!®??-*° 
in the literature and aligned as shown in Fig. 2: identities of 


five or more residues are boxed and possible N-glycosylation' 


sites are circled. For simplicity, the numbering system follows 
that of the largest V region. It is interesting to note that a highly 
conserved N-glycosylation site occurs around the first cysteine 
at either residue 22 or 24. The fact that such a site occurs in 
9 out of 12 cases suggests that N-glycosylation might occur 
at this position and in fact this is near the point at which 
N-glycosylation occurs in human V, sequences’. No such 
conserved site appears in the Vz sequences’. 

The V, sequences have 14 invariant or nearly invariant 
(11/12) residues, all of which are highly conserved in 
immunoglobulin V regions”, especially light-chain sequences. 
Particularly interesting is the recent work of Novotny and Haber 
which indicates that the tyrosines at amino-acid positions 36 
and 87 of the immunoglobulin light-chain variable region (V1), 
the glutamine at position 38, and the phenylalanine at 98 (in 
the J region) seem to be very important in the formation of the 
V_/Vy domain**. This conservation is another indication that 
the presumptive binding portion of the T-cell receptor, the 
Va/ Va domain structure, will be very similar to that of immuno- 
globulin. That it will not be identical is also indicated in the 
same study, which found that the invariant tryptophan at posi- 
tion 47 of the heavy chain is also important in the V,/Vy 
interactions, yet there is no conserved aromatic amino acid at 
the equivalent position in either the TCR a- or B-chains (Fig. 
2 and refs 12, 13). Therefore, the T-cell receptor may, in some 
respects, resemble a light-chain dimer” rather than a Vy/V_ 
dimer. Such dimers have a characteristically more open structure 
than V,,/V, dimers**. Also consistent with this view is the fact 
that the distances between the invariant cysteine residues (which 
presumably form the characteristic intrachain disulphide bond) 
in V,, (63-67 amino acids) (Fig. 2) and Vz (67-69 amino acids) 
fall more within the light-chain range (64-69 amino acids)” 
than that of heavy-chain V regions (69-75 amino acids)”*. 

Pairwise comparisons of the sequences shown in Fig. 2 reveal 





Fig.2 V,, homologies and glycosyl- 
ation sites. Five or more matches are 
boxed, except in the first position 
where four G residues are boxed. In 
instances where two different 
residues occur five times, only one is 
boxed. Possible N-linked glycosyla- 
tion sites are circled. Numbering sys- 
tem follows that of the largest V, 
sequence (GA-5). The TT11 Va 


CAVIRRS sequence is from ref. 14 and derives 
eee from the BW5147 lymphoma lne. 
CAVINYG The HDS58 V, sequence ts from ref. 
CAVISGF 15 GA-5 is from ref. 16; Jurkat a@ 
Š A 3 : from refs 29, 30. The remainder are 
CAVISDL from the present study. 
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Fig. 3 Variability plots of 12V,, 12 Vg and 12 N-terminally 
blocked human Vy sequences?°, which are thought to be more 
random than mouse sequences'*. The Vg sequences derive from 
the following: 86T1 (ref. 45), 2B4.71 (ref. 2), HDS11 (ref 38), E1 
(ref. 12), LB2 (ref. 12), FN1-18 (N.R.J.G , in preparation), BW51.4 
(N. Lee, personal communication), C5 (ref. 12), YT35 (ref. 46), 
HPB-ALL??, HPB-b2 (ref. 47). V-D-J and V-J junctions are 
retained to allow a reference point. Vgs and Vys are numbered tn 
the same manner as the V,s (see Fig. 3 legend) for ease of com- 
parison. 





Fig. 4 Cross-hybridizing V, sequences in 
mouse and other species. HindIII digests of 
murine (C57BL/6), rat, hamster (CHO cells), 
ground squirrel, rabbit and human DNAs were 
electrophoresed through 0.9% agarose and 
blotted onto nitrocellulose by standard pro- 
cedures. Inserts were isolated from V region- 
specific subclones of five of the seven distinct 
families of V, cDNA clones and nick-translated 
and hybridized for 12-16 h at 55°C in 6 X SSC, 
washed with 2 x SSC at the same temperature, 
followed by a final wash with 0.2 SSC for 
30 min (again at 55°C). At this stringency, we 
are able to visualize V-region sequences which 
are as little as 70% homologous (R. Mage, 
personal communication). Size markers are 
indicated in kilobases. Divergence times from 
mouse (Myr)'?: rat, 15; hamster, 25; ground 
squirrel, 60; rabbit, 70; human, 90. 


an average homology of 36% (standard deviation (s.d.) = 13%); 
this compares with 30% (s.d. 11%) for a similar comparison of 
12 Vg, sequences and indicates that both V,s and Vgs are 
significantly more divergent from each other than similar num- 
bers of randomly chosen Vys (48-51%, s.d. 11-13% ). This was 
also observed for Vgs using a homology plot'*. Although this 
difference in divergence may be functionally significant (see ref. 
12 and below), the predicted secondary structure for V,s'*'* 
and Vas (J. Novotny, personal communication) is very similar 
to that of immunoglobulins, again indicating a basic, although 
not necessarily exact, conservation of structure. These com- 
parisons of V, sequences also indicate that C5, TT11 and E1 
are members of a cross-reactive family of sequences with amino- 
acid homologies of 80-90% and nucleic acid homologies of 
~90%. P71 and LB2 also constitute a distinct family by this 
criterion. 

Wu and Kabat™ were the first to use variability analysis of 
immunoglobulin V-region sequences in an effort to predict which 
regions might be involved in binding to antigen. Subsequent 
structural analysis**** showed that the three principal peaks of 
variability that are seen in both heavy- and light-chain sequen- 
ces?” comprise the major portion of the immunoglobulin binding 
site. Although variability analysis is no substitute for the 
appropriate structural data, it may provide testable hypotheses 
concerning the nature of T-cell receptor-ligand interactions. 
Variability plots for the 12 V, sequences discussed here are 
_ Shown in Fig. 3, together with a plot of 12 Vg sequences and 
12 human Vy sequences (see Fig. 3 legend). It is important to 
keep the number of V-region sequences constant as these analy- 
ses are very sensitive to the number of sequences compared, 
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especially in the lower ranges. In these analyses, we have used 
both mouse and human sequences as the number available is 
still so small that each new sequence adds to the reliability of 
the plot, outweighing the slight increase in noise that may result. 


V-region sequences are also continued into the D and J elements 


because these make up the third hypervariable region of 
immunoglobulin and provide an additional reference point. 
The data indicate the following: V, sequences are not as 
variable at any major peak as either V,, or Vg, but recognizable 
peaks in the area of the second and third hypervariable regions 
of immunoglobulin are apparent. However, the first hypervari- 
able region seems significantly less variable than in 
immunoglobulin and the region in residues 1-23 seems more 
variable, and is similar in its overall pattern to the same region 
in Vg. In contrast, this portion of the immunoglobulin is highly 
conserved. These data also tend to confirm the view of Patten 
et al.” that Vz sequences have additional regions of variability, 
particularly the two prominent peaks between residues 67-77 
and 79-86, and the variability in the N-terminal region also 
(amino acids 10-15). This may be significant because in 
immunoglobulins, these three regions are clustered together on 
the outside of the binding site and are thought to be involved 
in some sort of second-site interaction'*. A fourth peak of 
variability, noted by Patten et al.'*, which is internal to the 
immunoglobulin V structure, is much less prominent than 
observed previously but still seems significantly more variable 
than the equivalent region of Vy (or V,, data not shown). A — 
note of caution in this interpretation is raised by the analyses 
of Barth et al. who found somewhat less variability in a plot 
of 10 V, sequences, particularly in the 65-86 amino-acid range. | 




















identical numbers of Vy and Va sequences, it does 
strate the varied results which can be obtained with the 
equences available. 

-We conclude that V, and probably V, sequences all share 
the three major regions of variability exhibited by 
immunoglobulins and that this is another indication of the 
similarity of their structures. There exist additional regions of 
variability in the N-terminal portions of V, and V, and between 
residues 67 and 86 in V, that seem qualitatively different from 

equivalent regions of immunoglobulins, but these must be con- 
sidered somewhat speculative at present. It is interesting, 
however, that Sim and Augustin (ref. 37 and personal communi- 
éation) have found mutations in a B-chain gene which may alter 
the specificity of a Tyu hybridoma and that some of these occur 
in these additional regions of variability. This type of data, 
together with site-directed mutagenesis, may provide the direct 
functional link between changes in T-cell specificity and these 
regions of variability that will be necessary to resolve some of 
these issues. 
One striking feature of mouse Vg gene segments is that most 
of those in the literature (5/6)'*-'538 occur as single-copy ele- 
ments in the genome, in contrast to mammalian Vo% or Va” 
sequences which occur as large (4-60) cross-hybridizing 
_ families. Another apparent difference between Vg and 
immunoglobulin V segments is the more rapid rate of divergence 
“between species in the former compared with the latter'’. A 
- third distinguishing feature of Va sequences is the fact that a 
_ relatively small number of sequences make up the bulk of the 
-utilized repertoire in the thymus, which, together with the lack 
of cross-hybridizing gene families, suggests a limited repertoire 

of utilizable V; sequences'*. Hood and colleagues have extended 
this finding to T-cell lines and hybrids and estimate that there 
are fewer than 21 distinct Vg gene segments provided the usage 














_ is relatively random". Southern blot analysis of five of the seven 


distinct murine V, families described in the present paper (Fig. 
~ 4) indicates that all of these occur as families of closely related 
sequences in the genome. It also seems from Fig. 4 that there 
-will be many more V, than Vg gene segments. Specifically, each 
of the five V, genes surveyed in Fig. 4 hybridizes to between 
-four and nine discernible bands in mouse DNA. EcoRI digests 
< were done as well as the HindIII analysis shown, and in each 
-< ease a total of 35-40 distinct bands are visible with these probes. 
© Together with the four bands seen with the HDSS8 V-region” 
probe and the six observed with MD13-10 (data not shown), 
there appears to be a minimum of 45-50 V, gene segments. 
Using the 30% occurrence of pseudogenes in mouse 
immunoglobulin V regions*', this sets the V, repertoire at a 
minimum of 30 functional sequences and possibly more. Despite 
_this similarity with immunoglobulin V regions in terms of cross- 
reactive families, the data in Fig. 4 also indicate that Vs are 
-diverging almost as quickly between species as Vgs. This con- 
n trasts with the multiple, strongly cross-reactive bands seen in 
very distant species for several Va probes and a V” probe 
“using the same criterion (as well as the unusual C5 Vg family?) 
We conclude that while V, and Vg sequences are under different 
selective | pressures with respect to cross-reactive families and 
repertoire size, they diverge from each other at similar rates. 
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te added in proof: Comparisons of the V, sequences described 
sre and those of Arden et al.” indicates an almost complete 
overlap between the V, gene families characterized. It therefore 
seems likely that the V, gene repertoire is somewhat limited as 
and may not greatly exceed the 11 distinct families currently 





is is somewhat flawed by the failure to E 
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Several oncogenes are thought to cause transformation by affecting 
the signal transmission pathway of growth factors. One example 
is the induction of c-myc, the cellular homologue of the avian 
transforming oncogene v-myc, by platelet-derived growth factor 
(PDGF) among a set of genes associated with competence induction 
in fibroblasts'”. Another of the competence genes, r-fos, has been. 
shown to be related to v-fos, the transforming, gene of the FBJ 
sarcoma virus’. In addition, PDGF induces e-fos, the cellular 
homologue of v-fos**. The importance ‘of c-myc induction is 
suggested by the observation that eyes under the confrol of a 
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glucocorticoid regulator, can partially relieve the requirement of 
fibroblasts for PDGF”. We have examined the effects of oncogenes 
on haematopoietic/lymphoid cell differentiation, immortalization 
and factor dependence for growth. Here we report the effects of 
recombinant murine retroviruses capable of expressing the avian 
v-myc. With interleukin-3 (IL-3)- or interleukin-2 (IL-2)-depen- 
dent cells, the viruses abrogated the requirement for growth factors 
and suppressed c-myc expression. 

IL-2 is required for the proliferation of antigen-activated 
mature T cells (see ref. 8 for review) whereas IL-3 induces the 
proliferation and differentiation of early haematopoietic/lym- 
phoid stem cells (see refs 9, 10 for review). Several IL-2-depen- 
dent cytotoxic T-cell lines have been established. The frequency 
of establishing IL-2-dependent lines suggests that an immortaliz- 
ing event is required''. In our experiments we used a simian 
virus 40 (SV40)-specific, H-2K°-restricted, cytotoxic T-cell line 
(CTB6) from C57BL/6J mice’? (provided by Dr Barbara 
Knowles). 

IL-3-dependent cell lines have been isolated from primary 
retrovirus-induced lymphomas'*:'* and from long-term bone 
marrow cultures'*'®. In the latter case an immortalizing event 
may also be required. We used the FDC-P1 cell line which has 
properties of early myeloid lineage cells'*"'’. These cells have a 
normal diploid karyotype and differ from normal IL-3-respon- 
sive cells in their limited capacity to differentiate. 

To evaluate the effects of v-myc expression, we used constructs 
of avian v-myc oncogenes in murine retroviruses (Fig. 1). J-2 
and J-3 viruses are derivatives of the 3611 murine sarcoma virus 
(MSV)'*, which contains the v-raf oncogene’; the MH2-trans- 
forming virus™, which contains the avian homologue of v-raf, 
v-mil™™ and the v-myc oncogene; and of the acute avian 
leukaemia virus MC29 which contains only the v-myc 
oncogene™?*, The J-2 virus contains a hybrid v-raf/v-mil 
oncogene and a hybrid v-myc derived from MH2 and MC29 
and includes the splice acceptor sequences present in the 5’ 
portion of MH2 v-myc”. To evaluate the contribution of v-raf/v- 
mil, a derivative (J-3) with a 200-base deletion was used which 
shifts the v-raf/v-mil oncogene out of the reading frame. The 
deletion eliminated the fibroblast-transforming activity and 
expression of the v-raf protein (data not shown). An additional 
construct (HF) was used in which the MC29 v-myc oncogene 
was cloned into the gag gene of Moloney leukaemia virus 
(MoLV) (K.B. and H. Fan, in preparation). 

The biological activity of the J-2 recombinant virus was 
initially evaluated as it could be assayed by transforming activity 
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Fig. 1 Genomic organization of the defective 3611-MSV and of 
the v-myc-containing recombinant viruses. The origin of the 
specific v-onc sequences in the constructs is indicated by: 9, 
3611-MSV v-raf;—&, MH2 v-mil; C], MH2 v-myc; E, MC29 v-myc. 
The double bars 5’ of the MH2 v-myc in the J-2 and J-3 viruses 
indicate the position of the splice acceptor sequences for the v-myc 
gene. The sizes of the viruses (bottom line) are shown in kilobases. 
LTR, long terminal repeat. The construction and the production 
of the recombinant J-2 and J-3 viruses**® and the HF virus (K.B. 
et al., in preparation) have been described. 
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on fibroblasts***°. When either the FDC-P1 or the CTB6 cells 
were exposed to the virus and maintained in IL-2 or IL-3, 
<0.001% of the cells were infected. This resistance was observed 
with both MoLV ecotropic and amphotropic helper viruses (data 
not shown) and has been described for cultured T cells”. In 
the absence of IL-3, FDC-P1 cells rapidly lose viability and 
factor-independent variants have not been obtained! ">. 
However, when cells were exposed to the J-2 virus and cultured 
in the absence of IL-3, factor-independent cells were obtained. 
Factor-independent lines were not obtained with FDC-P1 cells 
alone or with cells exposed to the helper virus. When the 
factor-independent cells were assayed, transforming virus was 
detectable (data not shown). Similarly, when CTB6 cells were 
exposed to the J-2 virus and cultured in the absence of IL-2, 
factor-independent cell lines were obtained which replicated 
transforming virus. 


Previous studies have demonstrated that transformation of — 
haematopoietic cells with the 3611 MSV% does not abrogate 


the requirement for IL-3 for growth. To evaluate the contribution 
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Fig. 2 Northern analysis of recombinant retroviruses in factor- 
independent cell lines. Polysome-associated RNA was prepared 
as described*’ and poly(A) RNA was selected by two cycles of 
oligodeoxythymidylic cellulose chromatography. The RNA (10 pg) 
was denatured by glyoxalation™’, separated electrophoretically in 
1.2% agarose, blotted onto nitrocellulose (Schleicher and Schuell), 
and hybridized under stringent conditions*' with *?P-labelled nick- 
translated** DNA probes. a, v-myc hybridizations. For a v-myc 
probe, the 1.4-kb Pst1/ Ahalll fragment (Oncor Inc.) of the MC29 
provirus was used****, The intensity of hybridization between the 
various samples varied considerably; lanes 1-3 and 8 were exposed 
for 3 days whereas lanes 4-7 and 9 were exposed for 20 h. Recom- 
binant retroviral genome-sized RNAs are indicated at the right; 
subgenomic RNAs are indicated at the left. Sizes are given in kb 
and were determined from **P-labelled, denatured HindIII frag- 
ments of bacteriophage ADNA. b, raf hybridizations. The blot 
shown in a was stripped*' and hybridized as above with 2.9-kb 
human raf cDNA probe (T. Bonner et al., in preparation). The 
exposure of all samples was 3 days. The 3.1-kb transcript is the 
endogenous raf MRNA. c, Quantitative analysis of v-myc RNA 
levels in factor-independent cell lines. Poly(A) RNA, isolated from 
the indicated cell lines, was denatured by treatment with for- 
mamide/formaldehyde*' and loaded onto wells of a dot-blot 
apparatus (Schleicher and Schuell). The amount of poly(A) RNA 
(ug) in each well is indicated at the left margin. Hybridizations 
were done with the v-myc probe and blots were exposed for 20h. 
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Representative lines were examined for v-raf/v-mil oT, or 
v-myc RNAs by Northern blot analysis (Fig. 2). In uninfected 
‘NIH 3T3, FDC-P1 or CTB6 cells there were no detectable v-myc 
hybridizing RNAs (Fig. 2a), whereas there was a 3.1-kilobase 
(kb) RNA detected with the raf probe (Fig. 2b). This RNA has 
the expected size of the endogenous c-raf messenger RNA and 
was observed at comparable levels in all infected cell lines. The 
7.6- and 7.4-kb genomic RNAs of the J-2 and J-3 viruses, 
“respectively, were detectable using v-myc and raf probes in 
nfected NIH 3T3 cells, in FDC-P1 cells infected with the J-2 
or J-3 viruses or CTB6 cells infected with the J-2 virus. With 
he v-myc probe, major subgenomic RNAs of 6.3 and 6.1 kb for 
he J-2 and J-3 viruses, respectively, were also observed. The 
precise origins of these RNAs have not been defined. In FDC-P1 
cells infected with the HF virus there was a major 6.4-kb RNA 
-Which hybridized with the v-myc probe but not with the raf 
probe, consistent with the genomic structure of the virus. In 
-addition there was a major subgenomic RNA of 5.1 kb whose 
origin is not known. Similar anomalous transcripts have been 
observed with other recombinant retroviruses” 
>» The Northern blot data suggested differences i in the levels of 
viral RNA. We performed dot blot analysis to evaluate these 
differences. FDC-P1 cells infected with J-2 or J-3 virus had 
--~10-fold higher v-mye hybridizing RNA than observed with 
_ fibroblasts (Fig. 2c), CTB6 cells infected with the J-2 virus had 
. ~100-fold higher RNA levels. These differences are not caused 
_ by multiple integrated proviruses (data not shown) and therefore 
“may be the result of lineage-specific effects on enhancer 
“sequences” 
>We also examined the cell lines for expression of the v-myc 
and v-raf/v-mil proteins. All the lines examined expressed the 
v-myc protein of relative molecular mass (M,) 62,000 at levels 
comparable to those of c-myc in the parental FDC-P1 cells. 
Because of the cross-reactivity of the anti-myc sera with mouse 
_¢-myc protein and the similarity in the sizes****, the iden- 
tification of the protein as viral relies on the observation that 
-none of the infected lines contain c-myc RNA (see below). With 
either FDC-P1 or CTB6 cells infected with the J-2 virus the 
expected gag-{v-raf/v-mil) fusion protein of M, 75,000 (ref. 18) 
was detectable by immunoprecipitation (data not shown). 
>. To evaluate the factor dependence, *H-thymidine incorpor- 
ation assays were used. Parental FDC-P1 cells required 
~0.2 ng ml~' IL-3 for half-maximal activity (Fig. 3a). In con- 
trast, J-2, J-3 or HF virus-infected cells showed no IL-3 depen- 
dence. Similarly, the J-2-infected CTB6 cells showed a vastly 
_ decreased requirement for IL-2 (Fig.3b). The growth curves 
-and the doubling times were comparable for each of the virus- 
infected FDC-P1 cell lines in the absence of IL-3 and for the 
parental cell line grown in the presence of IL-3 (Fig. 3c). 
-One mechanism for the abrogation of factor dependence is 
ie production of a requisite growth factor. However, none of 
e infected cell lines produced a mitogenic activity for the 
parental cell lines (data not shown). In the assay for IL-3, 
X lack of detectable activity indicates concentrations of 
<~0.02 ng ml". We also examined the effect of an antiserum”” 
atte t IL-3. The immune IgG inhibited the IL-3-dependent 
roliferation of the parental FDC-P1 cells but had no effect on 
J-2, J-3 or HF virus-infected cells (Fig. 3d). 
The absence of- a requirement for IL-3 suggested that the 
expression of IL-3 receptors is altered, therefore we determined 
the binding of cells to 15] I-labelled IL-3. In previous studies*® 
the FDC-P1 cells have been shown to e xpress ~2,000 receptors 
per cell with an apparent Ky of 1.7x107! (ref. 36). The FDC-P1 
cells infected with the J-2, J-3 or the HF virus bound iodinated 
IL-3 at levels comparable to the uninfected parental cells (data 
ot shown). 
© The retention of receptors for IL-3 raised the question of 
whether IL-3 could alter the expression of c-myc. We detected 
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Fig. 3 Proliferative responses of various cell lines to IL-3 or IL-2. 
a, The indicated cells were obtained from exponentially growing 
cultures and were pelleted and resuspended twice in RPMI 1640- 
containing 10% fetal calf serum (FCS). In 96-well microtitre plates 
appropriate dilutions of purified IL-3 were made in wells contain- 
ing 0.05 ml of RPMI 1640 with 10% FCS to which 0.05 ml contain- 
ing 10° cells were added. The cells were incubated for 24 hat 37 °C 
after which 1 pCi of *H-thymidine was added per well and the 
cells incubated for an additional 6h at 37°C, The cells were 
collected and IL-3 purified to apparent biochemical homogeneity 
as described previously”. Results are plotted as the percentage of 
maximal °H-thymidine incorporation seen in the presence of excess 
IL-3. The cell lines examined included the parental FDC-P1 cells 
(O—O) and FDC-P1 cells infected with the J-2 (@-—@), J-3 (A— 
A) or HF (A—A) viruses. b, As a except cells were incubated for 
48 h before pulsing with *H-thymidine. IL-2 was partially purified 
from conditioned media from induced EL-4 cells as described 
previously”. The cells examined included the parental CTB6 cells 
(O—O) and CTB6 cells infected with the J-2 virus (@—@). c, 
Growth curves for control and infected FDC-P1 cells obtained by 
seeding the cells at 510° cells per ml in RPMI 1640 containing 
10% FCS in the presence or absence of IL-3. Viable cell numbers 
were. determined at the indicated times. The cells examined 
included the parental FDC-P1 cells (O—-O) which were grown in 
the presence of IL-3 (20 units ml~') or J-2 (@—@), J-3 (A—A) 
or HF (A—A) infected FDC-P1 cells which were grown in the 
absence of IL-3. d, Lack of inhibition of growth by antisera against 
IL-3. The indicated cells were obtained from exponentially growing 
cultures and were pelleted and resuspended twice in RPMI 1640- 
containing 10% FCS. In 96-well microtitre plates, twofold dilutions 
of immune or control, protein A-Sepharose-purified IgG were 
made in 0.05 ml RPMI 1640-containing 10% FCS. For the parental 
FDC-P1 cells, 0.01 ml IL-3 (2 U) was added to each well. The 
samples were incubated for 2h at 37°C and the cells (10°) in- 
0.05 m! were added. The cells were incubated for 24 h at 37°C and. 
pulsed with *H-thymidine as in Fig. 4. The cell lines examined 
included the parental FDC-P1 cells (@—®@) and J-2 (O—O), J-3 
(A—A) and HF (A—A) infected FDC-P1 cells. The preparation ~ 
and characteristics of the immune. IgG have been described pre- 2 
viously”. PY 


c-myc RNA in the parental FDC-P1 cells: grown in IL-3, but no | 


c-myc in the virus-infected cell lines grown in the presence or i 
absence of IL-3. To determine whether this was caused by low À 
levels under steady-state conditions, cells. were examined at = 


various times after exposure to IL-3. No c-myc RNA was detec. 


ted at 30 min, 2 or 72 h in culture (Fig. 46). To determine whether 


the absence of c-myc RNA was a general property of cells 
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Fig. 4 a, c-myc expression in FDC-P1 lines in the presence (+) 
and absence ( — ) of IL-3. Total RNA was prepared** and poly(A)- 

containing RNA was selected by oligo(dT) cellulose chromatogra- 

phy. The RNA (15 ug) was denatured, electrophoresed, blotted 
and hybridized as described in Fig. 2. The c-myc probe was the 
5.6-kb BamHI fragment of the mouse genomic c-myc*®. b, Time 
course examining c-myc expression. Total RNA was prepared from 
FDC-P1 (J-2) cells at the indicated times (in h) after the addition 
of IL-3 and poly(A) RNA was analysed as above. The autoradio- 
graphs were overexposed to detect c-myc transcripts. €, d, myc 
expression in NIH 3T3 lines. Poly(A) RNA (15 ug) was prepared 
from the indicated cell lines and analysed by Northern blot 
hybridization. c-myc hybridizing is shown in c in which exposure 
of the autoradiograph was for 1 week. v-myc hybridization is shown 

in d and the exposure of the autoradiograph was for 3 days. 


infected with these recombinant viruses, we examined the 
cloned, producer-fibroblast cell lines. We readily detected c-myc 
RNA in control fibroblasts but not in infected cells (Fig. 4c). 
We next determined whether the abrogation of a requirement 
for IL-3 affected tumorigenicity. The J-3- and HF-infected cells 
were tested for tumour formation in nu/nu mice, as neither of 
these viruses induced tumours during the time they were 
examined*®. The parental FDC-P1 cells were not tumorigenic, 
as described previously“, although FDC-P1 cells infected with 
the J-3 or the HF virus induced tumours (data not shown). 
The ability of v-myc expression to abrogate the requirement 
for IL-3 or IL-2 supports the hypothesis that these factors 
regulate proliferation through their effects on c-myc expression. 
This conclusion is consistent with previous studies indicating 
that PDGF induction of proliferation of fibroblasts is mediated 
by its ability to induce c-myc expression”. Therefore, we specu- 
late that a common pathway for growth regulation exists that 
is characterized by growth-factor induction of c-myc expression. 
Surprisingly, we were unable to induce c-myc expression with 
IL-3 in the infected cells. The absence of c-myc in these cells 
is probably caused by an effect of v-myc on c-myc expression 
as suggested by the observation that infected fibroblasts, or J-2 
transformed pre-B cells (data not shown), had no detectable 
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c-myc RNA. The specific suppression of c-myc expression is 
suggested by the lack of a comparable effect on c-raf expression. 
The inability to induce c-myc is not caused by alteration of the 
endogenous loci as determined by Southern blot analysis of 
EcoRI-restricted DNAs (data not shown). The ability of an 
activated c-myc locus to negatively regulate the normal allelle 
has been suggested by other studies” 
this effect are not known but may involve the interaction of the 


myc protein or a myc-induced protein with potential regulatory — 


sequences defined by sensitivity to DNase I (ref. 42). Experi- 
ments are in progress to assess the DNase I sensitivity of these 
sites in the c-myc loci of infected FDC-P1 cells. 


The absence of c-myc expression in haematopoietic/lymphoid | | ; z 


cells or fibroblasts infected with the v-myc constructs used here 
contrasts with recent studies“? 
transfected myc oncogene, expressed c-myc in tissue culture. 
The basis of the differences is not known, although they ma 


ee 
be caused by differences in the levels of expression of th A 4 


introduced myc oncogenes. In the studies of Keath et al., the — 
transfected myc RNA was expressed at levels that were 2-6-fold 
higher than that of the endogenous gene, whereas in our studies 
the levels of v-myc RNA were ~100-fold higher than normal 
c-myc levels in fibroblasts. 

We have examined the ability of other oncogenes to affect 
IL-3 dependence. The 3611 transforming virus, Harvey sarcoma 
virus and MoSV have been shown to immortalize haematopoietic 
cells without altering the requirement for IL-3 for growth?*”’. 
This suggests that some oncogenes affect different components 


of growth regulation, for example, commitment and cell-cycle __ 


progression. The concept that v-raf and v-myc affect different 
cell-cycle components may be important for understanding the 
synergy between these two oncogenes for tumour induction?” 
and for transformation of primary bone marrow cells (E. Blasi, 
L. Varesio and U.R.; J.I. and U.R., in preparation). 

Abelson murine leukaemia virus has been shown to abrogate 
the requirement for IL-3 for growth”. As with c-myc, factor 
independence is not caused by an autocrine-type mechanism. 
The possibility that the abl oncogene functions through the 
regulation of c-myc expression is suggested by the constitutive 
expression of c-myc in Abelson MuLvV-transformed, IL-3- 
independent cells. We are currently evaluating FBR MSV as, 
under appropriate conditions, IL-3 induces c-fos transcription 
(K. Kelly and J.L, unpublished data). Preliminary results 
however, suggest that FBR MSV does not abrogate the require- 
ment for IL-3. 

Tumorigenesis requires multiple events. In myeloid tumours, 
stages of tumour progression have been described that affect 
differentiation and growth-factor dependence***. For example, 
murine myeloid leukaemias are blocked in differentiation but 
require IL-3 for growth'*"*. Similarly, HTLV-1-induced 
cutaneous T-cell lymphomas require IL-2 growth*’***. In these 
cases, the activation of c-myc can be envisioned as a mechanism 
for progression to factor-independent growth. A similar role for 
c-myc activation may occur in other lineages, such as B cells, 


where there is a high incidence of altered c-myc expression 


associated with transformation. 

We thank Dr Huang Fan for helpful discussions; Patricia 
Borchert for technica! assistance and Pam Wahl-Lambert for 
preparation of the manuscript. Research was sponsored by the 
NCI under contract NO1-CO-23909 with Litton Bionetics, Inc. 
and by training grant 2-T32-GM-07311-09 to K.B. 


Received 8 May; accepted 24 July 1985. 


Cochran, B. H., Reffel, A. C. & Stiles, C. D. Cell 33, 939-947 (1983). 

Kelly, K., Cochran, B. H., Stiles, C. D. & Leder, P. Cell 35, 603-610 (1983). 

Cochran, B. H., Zullo, J., Verma, I. & Stiles, C. D. Science 226, 1080-1084 (1984). 

Muller, R., Bravo, R. & Burckhardt, J. Nature 312, 20-27 (1984), 

. Greenberg, M. E. & Ziff, E. B. Nature 311, 433-438 (1984). 

» Kruijer, W., Cooper, J., Hunter, T. & Verma, I. M. Nature 312, 711-716 (1984). 

. Armelin, H. A. et al. Nature 310, 655-660 (1984), 

. Smith, K. A. Immun. Rev, 51, 337-357 (1980). 

. Ihle, J. N. Contemp. Topics molec. Immun. 10, 93-119 (1985). 

. thle, J. N. & Weinstein, Y. in Recognition and Regulation in Cell-Mediated Immunity (eds 
Watson J. D. & Marbrook, J.) 291-324 (Dekker, New York, in the press). 

. Nabholz, M. et al Immun. Rev. S1, 125-127 (1980). 


+2, The mechanisms for — 


in which Rat-1 cells, carrying a fà Ñ 


$ A 








sy- 


— tet =; >; 
ri ; Lom ; $ 


PO 


+ 


<0 
* 


‘Vee 


~ " ms. 
h a T 
-o 







p Re 





12. Pan, S. & Knowles, B. B. Virology 125, 1-7 (1983). 

13. Ihle, J. N., Rein, A. & Mural, R. Adv. viral Oncology 4, 95-137 (1984). 

14. Holmes, K. L., Palaszynski, E., Morse, H. C. II] & Ihle, J. N. Proc. natn. Acad. Sci U.S.A. 
(in the press). 

15. Dexter, T. M., Garland, J., Scott, D., Scolnick, E. & Metcalf, D. J. exp. Med. 152, 1036-1047 
(1980). 

16. Greenberger, J. S., Gans, P., Davisson, P. & Moloney, W. Blood §3, 987-1001 (1979). 

17. thie, J. N. et al J. Immun. 129, 1377-1383 (1982). 

18. Rapp, U. R., Reynolds, F. H. Jr & Stephenson, J. J. Virol. 45, 914-924 (1983). 

19. Rapp, U. R. et al Proc. natn. Acad, Sci. U.S.A. 80, 4218-4222 (1983). 

20. Jansen, H. W., Patchinsky, T. & Bister, K. J. Virol. 48, 61-73 (1983). 

21. Jansen, H. et al. Nature 307, 281-284 (1984), 

22. Sutrave, P. et al. Nature 309, 85-88 (1984). 

23. Lautenberger, J. A., Schultz, R. A., Garon, C. F., Tsichlis, P. N. & Papas, T. S. Proc. natn. 
Acad. Sci, 78, 1518-1522 (1981). 

24. Vennstrom, B., Mascovici, C., Goodman, H. M. & Bishop, J. M. J. Virol. 39, 625-631 (1981). 

25. Rapp, U. R. et al Recent Results Cancer Res. 99, 221-236 (1985). 

26. Rapp, U. R. et al J. Virol, $S, 23-33 (1985). 

27. Horak, 1., Enjuanes, L., Lee, J. C. & thle, J. N. J. Virol. 37, 483-487 (1981). 

28. thle, J. N.. Rebar, L., Keller, J., Lee, J. C. & Hapel, A. Immun. Rev. 63, 101-128 (1981). 

29. thie, J. N., Keller, J., Rein, A., Cleveland, J. & Rapp, U. Cold Spring Harb, Symp. 50, 
211-219 (1985). 

30. Rapp, U. R., Bonner, T. |. & Cleveland, J. L. in Retroviruses in Human Pathology (Humana, 
New Jersey, in the press). 

31. Vennstrom, B. et al EMBO J. 3, 3223-3230 (1984). 

32. Celander, D. & Haseltine, W. A. Nature 312, 159-162 (1984). 

33. Hann, S. R. & Eisenman, R. N. Molec. cell. Biol 4, 2486-2497 (1984), 

34. Patchinsky, T., Walter, G. & Bister, K. Virology 136, 348-358 (1984). 

35. Bowlin, T. L., Scott, A. N. & Ihle, J. N. J. Immun. 133, 2001-2006 (1984). 

36. Palaszynski, E. W. & Ihle, J. N. J. Immun, 132, 1872-1878 (1984). 

37. Leder, P. et al. Science 222, 765-771 (1983). 

38. Bernard, O., Cory, S., Gerondakis, S., Webb, E. & Adams, J. M. EMBO J. 2, 2375-2383 
(1983). 

39. Stanton, L. W., Watt, R. & Marcu, K. B. Nature 303, 401-406 (1983). 

40. Taub, R. et al. Cell 36, 339-348 (1984). 

41. Rabbitts, T. H., Forster, P., Hamlyn, P. & Baer, R. Nature 309, 592-597 (1984). 

42. Siebenlist, U., Henninghausen, L., Battey, J. & Leder, P. Cell 37, 381-391 (1984). 

43. Keath, E. J., Caimi, P. G. & Cole, M. D. Cell 39, 339-348 (1984). 


44. Pierce, J. H. et al Cell 41, 685-693 (1985). 
= 45. Graf, T., Ade, N. & Beug, H. Nature 275, 496-501 (1978). 


46. Heard, J. M. et al Molec. cell Biol. 4, 216-220 (1984), 

47. Poiesz, B. J., Ruscetti, F. W., Mier, J. W., Woods, A. M. & Gallo, R. C. Proc. natn. Acad. 
Sci. U.S.A. 77, 6815-6819 (1980). 

48. Hoshino, H. et al Proc. natn. Acad. Sci. U.S.A. 80, 6061-6065 (1983). 

49. Stringer, J. R., Holland, L. E., Swanstrom, R. I., Rivo, K. & Wagner, E. K. J. Virol. 21, 
889-901 (1977). 


50. McMaster, C. K. & Carmichael, G. G. Proc. natn. Acad. Sci, U.S.A. 74, 4835-4838 (1977). 
Si. Thomas, P, S. Proc. natn. Acad. Sci, U.S.A. 5201-5205 (1980). 


52. Rigby, P. W. J., Drachmann, M., Rhodes, C. & Berg, P. J. molec. Biol. 133, 237-251 (1979). 

53. thle, J. N., Keller, J., Henderson, L., Klein, F. & Palaszynski, E. W. J. Immun, 129, 2431-2436 
(1982). 

54. Farrar, J. J. J, Immunol. 125, 2555-2558 (1980). 

55. Auffray, C. & Rougeon, F, Eur. J. Biochem. 107, 303-314 (1980). 








Antibodies against platelet-derived 
growth factor inhibit acute 
transformation by simian sarcoma virus 


Ann Johnsson*, Christer Betsholtzt, 
Carl-Henrik Heldin* & Bengt Westermarkt 


Departments of * Medical and Physiological Chemistry and 
+ Pathology, University of Uppsala, S-751 23 Uppsala, Sweden 





A clue to the molecular mechanism of neoplastic transformation 
was provided by the finding of a near identity in amino-acid 
sequence between the platelet-derived growth factor (PDGF) B- 
chain and a region in the transforming protein, p28", of simian 
sarcoma virus (SSV)'™, an agent that causes sarcomas and gliomas 
in experimental animals~°. This finding infers a direct link between 
the molecular biology of normal mitogenesis and oncogenesis since 
it suggests that the transforming activity of SSV is caused by a 
growth factor. Although PDGF agonist activity has been isolated 
from conditioned medium of SSV-transformed cells’—'°, it is not 
clear whether infection of responsive cells by SSV leads solely to 
autocrine stimulation of growth by a secreted PDGF-like factor 
or whether other, possibly intracellular, activities of p28™ or its 
processed products contribute to the transformation”'''?. To dis- 
tinguish between these possibilities, we have studied the effect of 
anti-PDGF antibodies on acute SSV-transformation, and report 
here that these antibodies inhibit both proliferation and SSV- 
induced morphological changes in human diploid fibroblasts. 
Previous studies on the biosynthesis, processing and biological 
activity of p28" have been performed on SSV-transformed cells 
in long-term culture’~'*. For our purposes, such cell lines are 
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Fig. 1 SSV-transformation of human fibroblasts. a, 20 days after 
infection with 20 FFU per dish of SSV/SSAV; b, 20 days after 
infection with 2,500 FFU per dish of SSV/SSAV; c, control culture 
21 days after plating; d, culture grown for 20 days with 100 ng 
ml~' PDGF; e, culture grown for 20 days with 100 ng ml~' EGF; 
f, same as e but with the addition of 500 ug anti-PDGF IgG per ml. 
Methods. SSV/SSAV (SSY-1, lot 24-51) purified from A204-SSV-1 
cells, was obtained from Pfizer Inc., Maywood, New Jersey. 7.0 x 
10* virus particles from this preparation corresponded to 1 FFU 
in an acute transformation assay on human foreskin fibroblasts, 
AG 1523 (from the Human Genetic Mutant Cell Repository, Cam- 
den, New Jersey), performed as follows. Cells were plated sparsely 
(10* cells cm™?) in Eagle's MEM supplemented with 10% NCS 
(Gibco). On the following day, cultures were exposed to SSV/SSAV 
for 1 h, followed by a medium change. Subsequently, fresh medium 
was given every second day and cultures were continuously 
examined for the presence of foci. Fixation after the appropriate 
time was in methanol/acetic acid (3:1) followed by staining with 
Giemsa. PDGF was purified as described elsewhere'’. EGF (recep- 
tor grade) was purchased from Collaborative Research. Rep- 
resentative samples from six independently performed experiments 
are shown. 


of limited value as transformed cells in continuous culture are 
likely to undergo secondary phenotypic changes that are unre- 
lated to the expression of the primary transforming oncogene 
(compare with ref. 13). Therefore, we have chosen to study the 
effect of anti-PDGF antibodies on acute SSV-transformation of 
normal human diploid fibroblasts. 

The human foreskin fibroblast line AG 1523 was readily trans- 
formed by SSV/simian sarcoma-associated virus (SSAV). Fol- 
lowing infection with a low virus titre (20 focus-forming units 
(FFU) per dish), foci of transformed cells could be identified 
under the microscope after ~4 days, and were macroscopically 
visible after ~8 days. Foci were sharply demarcated and con- 
sisted of parallel arrays of densely packed hyperchromatic 
fusiform cells (Fig. 1a). In the case of infection with high titres 
of SSV/SSAV (2,500 FFU per dish), individual foci could no 
longer be seen; rather, the normal swirled growth pattern of the 
fibroblast cultures was exaggerated and the cells appeared in 
multi-layered ridges (Fig. 1b). A similar effect was seen when 
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the fibroblasts were grown in the presence of PDGF or epidermal 
growth factor (EGF) (Fig. 1d, e). Thus, the morphology of both 
the individual SSV-transformed AG 1523 cells (SSV-1523) and 
the extensively transformed culture was indistinguishable from 
that obtained by exogenous growth factors. The appearance of 
an individual focus seems to reflect the normal growth pattern 
of human fibroblasts and is compatible with a local action of a 
growth factor. 

As the v-sis gene product is structurally, functionally and 
immunologically related to PDGF'*’-'*, we investigated 
whether SSV-transformation could be inhibited by neutralizing 
the secreted v-sis product with anti-PDGF antibodies. Such 
inhibition was observed in the presence of high concentrations 
(500 ug ml~') of anti-PDGF antibodies but not with immuno- 
globulins from non-immune sera (Fig. 2). Suppression of focus 
formation was most evident early after infection with SSV/ 
SSAV. At day 8, when foci became macroscopically visible in 
the presence of non-immune IgG, no foci at all could be detected 
in the presence of anti-PDGF antibody (Fig. 2a, c). At day 12, 
foci became visible in anti-PDGF antibody-treated cultures, but 
were less conspicuous than in controls (Fig. 2a). With increasing 
time after infection and increased cell density, it became evident 
that neither the number of foci (Fig. 2c) nor the area (Fig. 2a) 
of individual foci was affected by anti-PDGF antibodies. Rather, 
the cell density (Fig. 2b) in the focus was affected, suggesting 
suppression of the growth of the transformed cells. The suppress- 
ive effect of anti-PDGF antibodies on focus formation was 
independent of the number of FFUs used for infection, nor was 
it affected by the concentration of fetal calf serum used (not 
shown). 

One explanation as to why complete suppression of focus 
formation was seen only early after infection, when a confluent 
layer of cells was not yet formed (see Fig. 1 legend for experi- 
mental details), is that the interaction between the PDGF-like 
factor and the anti-PDGF antibodies is sterically restricted in 
dense cultures. Experimental evidence in support of this assump- 
tion was obtained when dense cultures of cells transformed by 
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Fig. 2 a-c, Effect of anti-PDGF IgG on SSV-induced focus 
formation. a, Morphology of foci. Photomicrographs of representa- 
tive fields in cultures treated with anti-PDGF IgG and non-immune 
IgG for one of four independently performed time-course experi- 
ments (summarized in c) are shown. b, Cell density in foci. The 
effect of anti-PDGF IgG (A) and non-immune IgG (@) on the 
cell density of individual foci at various times after SSV/SSAV F? 
infection was compared with the effect of anti-PDGF IgG (A)and 
non-immune IgG (O) on the cell density of a non-transformed 
fibroblast monolayer. The cell number was counted in five squares 
(8.1 x10~* mm?) in each of seven foci per plate. Values are mean 
+s.d. for four separate experiments. c, Number of visible foci in 
SS\V-transformed cultures treated with anti-PDGF IgG (A) and 
non-immune IgG (@) at various times after infection. Values are 
mean +s.d. for four independent experiments. 

Methods. Infection was carried out as described in Fig. 1 legend 3 
using 20 FFU per dish. Fresh medium supplemented with anti- 
PDGF antibody'* (500 ug ml~') or non-immune IgG (500 pg ml~') 
[IgG fractions were obtained by chromatography on protein A- 
Sepharose (Pharmacia)] was added immediately after infection 
and changed every second day. Cultures were fixed and stained 

at various times after infection. 
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HE, 
high titres of SSV/SSAV (Fig. 1d) were trypsinized and plated — 
sparsely; subsequent *H-thymidine labelling in serum-free f 
medium revealed a fourfold decrease in the fraction of labelled 
nuclei in the presence of anti-PDGF IgG compared with cells 
treated with non-immune IgG (Table 1). The fraction of labelled 
nuclei in anti-PDGF antibody-treated cultures (6.7% ) was com- 
parable to the fraction in non-transformed cultures of AG 1523 _ 
cells in the same conditions (Table 1). In addition, the anti- — 
PDGF IgG caused a phenotypic reversion; in the presence of 
antibodies, SSV-1523 cells had a flat, normal appearance 
(Fig. 3). A nonspecific effect of the anti-PDGF antibodies on 
cell growth and morphology was unlikely as the stimulato y 
effect of EGF on cell proliferation and morphology (Fig. 1f) TH 
well as growth in monolayer culture (Fig. 2b) was unaffected. __ 
Furthermore, a nonspecific effect of anti-PDGF antibodies on À is 
primary infection and spreading of SSV/SSAV is unlikely as- 
neither the number of visible foci (Fig.2c) nor focus area 





Table 1 Effect of anti-PDGF IgG on *H-thymidine incorporation in 





SSV-1523 cells D. 

% Labelled nuclei 4 
Cells Non-immune IgG Anti-PDGF IgG = 
AG 1523 4.0+1.0 5341.5 Bs 
SSV-1523 27.3+2.9 6.7+1.0 a 


Twenty-four days after infection of a 10-cm? culture of AG 1523 cells 
with 2,500 FFU SSV/SSAV, the cells were trypsinized and plated 
sparsely (10* cells cm™*) in Eagle's minimal essential medium (MEM) 
10% newborn calf serum ( NCS). One day later, the medium was changed É 
to MCDB 104, with the Ca?* concentration reduced to 0.5 mM% At 
the same time, either anti-PDGF IgG (500 ug ml~') or non-immune E 
rabbit IgG (500 ug mI™') was added; 24h later, the cells were labelled 
with *H-thymidine (Amersham; final concentration 0.5 Ci ml, 
5 Ci mmol™') for 48 h followed by fixation and autoradiographic analy- 
sis as described elsewhere’®. Values are mean + s.d. for six measurements — 
in two separate experiments. 
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Fig. 3 Effect of anti-PDGF IgG on sparse SSV-1523 cells. Photo- 

micrographs of representative fields of autoradiographs from cul- 

tures of sparse SSV-1523 cells treated with anti-PDGF IgG (a) or 

non-immune rabbit IgG (b). For experimental procedure see Table 
1 and ref. 16. 


(Fig. 2a) was impaired. Clearly, therefore, it is possible to sup- 
press the expression of the transformed phenotype in human 
SSV-transformed fibroblasts by specific neutralization of a 
released factor by antibodies to PDGF. 

PDGF receptor-competing activity was undetectable in 
medium conditioned by cells early (12-20 days) after infection 
with 20 FFU per dish of SSV/SSAV (not shown). However, 
medium from extensively transformed cultures (2,500 FFU per 
dish) contained receptor-competing activity equivalent to 5 ng 
ml!” ' of PDGF; this activity was neutralized by a 2-h incubation 
with 10 ug ml”! anti-PDGF IgG, which is comparable to the 
$. concentration of antibody required to neutralize 5 ng ml‘ of 
authentic PDGF (not shown). The requirement of higher con- 

centrations (500yugml-') of anti-PDGF IgG to suppress 
P SSV/SSAV-induced focus formation in conditions in which the 
4 overall concentration of PDGF-like activity is <5 ng ml! of 
F PDGF, gives further support for a steric restriction, perhaps 
| duetothe juxtacellular diffusion boundary layer'* which may 
t hinder efficient interaction between the antibodies and the secre- 
i tory v-sis product in dense cultures. 
| We have posed the question of whether SSV-induced trans- 
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formation consists exclusively of autocrine growth stimulation, 
mediated by an externalized v-sis product, or whether additional 
and possibly intracellular activities of that product contribute 
to the expression of the transformed phenotype. In support of 
the latter hypothesis, Huang and co-workers reported recently 
that anti-PDGF antibodies partially inhibit growth but do not 
revert transformation of certain SSV-transformed cell lines’; 
their view was based on results using SSV-transformed counter- 
parts of continuous cell lines (NIH 3T3, NRK and marmoset 
fibroblasts). However, such cell lines frequently acquire spon- 
‘taneous genotypic and phenotypic changes; as a result, after 
N long-term culture their transformed properties become unrelated 
= (to an unknown extent) to the activity of the v-sis gene per se. 
= We therefore chose to study primary transformed cultures of 
man diploid fibroblasts (a cell type in which spontaneous 
_ transformation does not occur); in this system anti-PDGF anti- 
bodies inhibit both proliferation and SSV-induced morphologi- 
= cal changes, suggesting that SSV-transformation is due solely 
= to the autocrine action of a PDGF agonist. It might be argued 
that only a paracrine action of an externalized v-sis product 

was inhibited by anti-PDGF antibodies, leaving the transformed 

cells unaffected. However, the outstretched and sharply 
demarcated appearance of the SSV foci is inconsistent with an 
extensive paracrine stimulation of neighbouring cells, in which 
| situation the presence of more diffuse foci would be expected. 
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Moreover, in sparse SSV-1523 cells derived from extensively 
transformed cultures, anti-PDGF antibodies inhibited *H- 
thymidine incorporation to control levels and reverted the 
morphological expression of transformation. We therefore con- 
clude that the anti-PDGF antibodies neutralized a secreted 
PDGF-like growth factor(s), the autocrine action of which is 
essential for SSV-induced transformation. 
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Chromosomal rearrangements involving the c-myc oncogene are 
a prevalent feature of plasmacytomas that arise after inoculating 
BALB/c mice with pristane and Abelson murine leukaemia virus 
(A-MuLV)'™. With this observation in mind, we decided to deter- 
mine if any genetic alterations of the c-myc locus could be observed 
in cells of a different type, when transformed in vitro by A-MuLV. 
Here we have analysed three independent A-MuLV-transformed 
NIH 3T3 lines (ANN-I, 54c12 and N25), and found that the c-myc 
locus is amplified 8-19-fold in each transformant. Quantitative 
S, nuclease mapping performed on ANN-I and 54c12 RNAs 
demonstrated that: (1) c-myc messenger RNAs accumulated to 
double the levels found in NIH 3T3 cells; and (2) a shift in the 
use of the two normal c-myc transcription initiation sites (P, and 
P,) occurred in favour of the 3’ site, P}. Analysis of c-myc 
chromatin by DNase I treatment of 54c12 nuclei revealed that 
most, if not all, of the c-myc gene copies were transcriptionally 
competent. We present alternative ideas to explain why 
amplification of the c-myc gene occurs repeatedly in A-MuLV- 
transformed fibroblasts. Finally, we discuss our results in relation 
to the hypothesis linking the phenomenon of tumour progression 
with the amplification of oncogenes. 

The transformed cell lines ANN-I, 54 and N25 were originally 
derived by infection of NIH 3T3 cells in vitro with different 
strains of A-MuLV*°. ANN-I and N25 are non-producer lines 
which respectively carry one genome of the A-MuLV(P120) 
strain and two genomes of the A-MuLV(P90) strains**. 54c12 
has been derived from the non-producer cell line N54 by superin- 
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Fig. 1 Southern blot analysis of the c-myc loci in various cell 
lines, Genomic DNAs (7.5 ug) from the indicated cell lines were 
digested with either EcoRI (RI) or BamHI (Bm), electrophoresed 
on a 0.7% agarose gel and transferred to nitrocellulose filters. The 
resulting blots were hybridized”? with a murine c-myc complemen- 
tary DNA probe: a 1.9-kb HindIII fragment obtained from the 
pMc-my54 cDNA clone which contains most of exons | and 3 and 
all of exon 2 (ref.8). The blots were exposed for 17h (a) 
and 6h (b), with an intensifying screen. Fragment sizes are indi- 
cated and the copy numbers of the c-myc genes are presented in 
Table 1. 54c12, ANN-I and N25 are NIH 3T3 cell lines transformed 
with the A-MuLV(P160), A-MuLV(P120) and A-MuLV(P90) 
strains, respectively*°. 92td is a NIH 3T3 cell infected with A- 
MuLV(P92td), a transformation-defective mutant’. HA-821 is an 
NIH 3T3 cell line transformed with the HA-821 strain of Harvey 
murine sarcoma virus’. Hras(mx)6 is an NIH 3T3 line transformed 
by HrasNVX, a Moloney murine retroviral vector containing a 
neomycin selection gene™* and the Harvey murine sarcoma virus 
oncogene™ (L. W. Stanton and K.B.M., unpublished results). 

A restriction map of the c-myc locus is shown at the bottom: the 

three c-myc exons are indicated by solid bars. 


fection of the latter with Moloney murine leukaemia virus (N. 
Rosenberg, personal communication); it produces particles of 
the A-MuLV(P160) strain“. The A-MuLV(P120) differs from 
A-MuLV(P160) in that the former has an 800-base-pair (bp) 
deletion in the v-abl portion of the gag-abl polyprotein®. The 
genome of A-MuLV(P90) is similar in size to A-MuLV(P120) 
but produces a gag-abl polyprotein of relative molecular mass 
90,000, presumably as the result of early translational termin- 
ation“. 

DNA samples from these three A-MuLV transformants were 
analysed by Southern hybridization using a c-myc cDNA probe. 
Digestion of NIH 3T3 DNA with EcoRI produced a c-myc- 
containing fragment of 21.5 kilobases (kb) that extended ~8 kb 
5' and 3’ of the c-myc gene. This 21.5-kb c-myc band was 
considerably more intense in ANN-I, 54c12 and N25 than in 
the NIH 3T3 control (Fig. la, b). On the other hand, there was 
no evidence of c-myc amplification in two NIH 3T3 lines trans- 
formed by Harvey ras retroviruses or in an NIH 3T3 line har- 
bouring the genome of a transformation-defective A-MuLV 
strain, P92td (ref.7) (Fig. 1b). BamHI digestion of NIH 3T3 
DNA produced two hybridizing bands of 5.6 and 1.1 kb. The 
smaller fragment, which was barely discernible in the NIH 3T3 
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Fig. 2 Relative expression of two normal c-myc gene promoters 
(P, and P,) in NIH 3T3 and A-MuLV-transformed NIH 3T3 cell 
lines ANN-I and 54c12 (see Fig. 1). Total cytoplasmic RNAs were 
hybridized to a uniformly labelled, single-stranded DNA probe 
encompassing c-myc 5'-flanking and exon 1 sequences, mpR* S10 
(ref. 13), exhaustively digested with S, nuclease and then analysed 
on a 7M urea polyacrylamide gel. The location of S,-protected 
bands corresponding to normal c-myc gene promoters | and 2 are 
indicated. The amounts of total c-myc mRNAs as well as the | 
relative utilization of P, and P, are presented in Table 1. PC3741 

is an NZB plasmacytoma’. 7 
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lane in Fig. la, was very intense in ANN-I and 54c12. Quantita- 
tive comparison of these c-myc signals by densitometer analysis — 
revealed 8-, 13- and 19-fold c-myc amplifications in N25, ANN-I 
and 54c12, respectively. 2 
We next determined whether amplification of the c-myc al ve 
resulted in a parallel increase in c-myc mRNAs. c-myc tran- _ a 
scripts are normally derived from two transcriptional start sites a 
(P, and P,) which are separated by 163 bp at the 5’ end ofa 
noncoding first exon*"''. Total RNA was extracted"? from ANN- — 
1, 54c12 and NIH 3T3 cell lines and subjected to quantitative 
S, nuclease analysis with a uniformly labelled, single-stranded 
DNA probe (mpR*S10 in Fig. 2) encompassing most of the — 
c-myc first exon and 550 bases of S’-flanking DNA *.S, nuclease- 
resistant bands corresponding to transcripts derived from pe 
and P, were apparent in all three cell lines (Fig. 2). The results — 
of densitometric tracings of these S,-protected bands are prese 
ted in Table 1 and may be summarized as follows. (1) Despit ù 
their amplified myc loci (13-19-fold), total amounts of c-myc 
mRNAs are only slightly elevated in ANN-I (1.6-fold) and 54c! 12 2 
(2-fold) compared with NIH 3T3 cells; (2) this augmentation | of 
c-myc mRNA levels is totally accounted for by an increase ol 
the mRNAs initiated at P, (1.9- and 2.5-fold in ANN-I a 
54c12 cells, respectively); (3) remarkably, the amounts of pe 
derived transcripts are diminished 1.5- and 2-fold in ANN- FE 
and 54c12, respectively. We conclude that in ANN-I and 54c12 a 
cells a shift in the use of the two c-myc promoters has occurred =F 
which favours P,. The steady-state levels of these mRNAs may $ 
reflect the rate of utilization of the two c-myc promoters, as the 
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< Table | c-myc gene copy number and expression in various cell lines kb 

r c-myc 

E Amounts 10.5— Parent band 

a of c-myc 

MA mRNAs 

i c-myc (relative 

e gene to NIH 3T3 Retroviral 

a Cell line copy no.* cells)* P,P,7 strains} 

__—sNIH3T3 | l 0.33 

A > $4c12 19 2 0.07 A-MuLV(P160) 

x ANN-I 13 1.6 0.12 A-MuLV(P120) 

f N-25 8 ND ND A-MuLV(P90) Okb 

5 Ab92td l ND ND A-MuLV(P92td) P, an, 

t, HA-821 l ND ND MuSV(HA-821) 

f- Hras(mx)6 I ND ND HrasNVX Fig. 3 Mapping of DNase I-hypersensitive sites near c-myc in 
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* Expressed per haploid genome. 

* Data obtained from densitometric tracings of Fig. 2. ND, not deter- 
mined. 

+ Described in Fig. 1 legend. 


stabilities of these transcripts were found to be comparable in 
different cellular contexts’*. 

In all but one of the tumour cell lines where amplification of 
the c-myc gene has previously been reported, the level of c-myc 
mRNA corresponded to the gene copy number'*~'”. The excep- 
tion was a human gastric adenocarcinoma cell line, SC-2, com- 


pose of a mixture of undifferentiated cells and differentiated, 
o 


n-proliferating mucous epithelial cells'’. In view of this cel- 
lular heterogeneity, the authors proposed that the lower than 
expected level of c-myc transcripts in SC-2 cells could reflect 
the dual nature of this line, with the actively dividing 
undifferentiated cells producing most, if not all, the myc RNAs. 
Clearly, such an explanation could not be involved for the 
ANN-I and 54c12 cell lines. The unexpectedly low expression 
of the amplified c-myc genes in ANN-I and 54c12 cells could 
mean that not all of these genes are transcriptionally competent. 
For example, most of the c-myc copies could reside in closed 
chromatin domains which are transcriptionally inactive. One 
way to assess this possibility is to look for the presence of DNase 
I-hypersensitive sites, which have been correlated with c-myc 
gene expression in human?’ and murine cells (P.D.F., unpub- 
lished results). Figure 3 shows that with increasing amounts of 
DNase I, a KpnI fragment spanning 10 kb of the c-myc locus 
is gradually degraded, while several smaller fragments are gener- 
ated. Further mapping with different restriction enzymes and 
DNA probes allowed us to determine that these smaller frag- 
ments are produced by DNase I cleavage at the three major 
hypersensitive sites, I, II and II”, Densitometric analysis of 
this autoradiogram revealed that most (>70%) of the c-myc 
copies in 54c12 contain these DNase I-hypersensitive sites. We 
conclude that the relatively low expression of the amplified 
c-myc genes cannot be ascribed to the inaccessibility of c-myc 
templates embedded in inactive chromatin. However, a direct 
comparison of c-myc transcription rates will be required to 
investigate further the novel mechanism(s) for c-myc control in 
these A-MuLYV transformants. 

Thus, in three independent fibroblast cell lines transformed 
in vitro with different strains of A-MuLV, the c-myc oncogene 


is amplified, resulting in quantitative and qualitative changes in 
its expression. The three A-MuLYV strains, A-MuLV(P160), A- 
MuLV(P120) and A-MuLV(P90), contain the v-abl-specific 


sequences that have been demonstrated to be sufficient for 
protein kinase activity and the transformation of fibroblasts*'~*’. 
Another fibroblast cell line, carrying a genome of the non- 
transforming strain A-MuLV(P92td)’, shows no c-myc gene 
amplification; the same is true for two fibroblast cell lines 
transformed by retroviruses containing a different transforming 
gene, the ras oncogene (see Fig. 1b). We interpret these results 
as meaning that in stably transformed fibroblast cell lines, 


specifically those containing an A-MuLV transforming gene, the 
amplification of c-myc is at least a frequent if not a constant 


event. 


chromatin of 54c12. Nuclei were prepared from 54c12 cells and 
treated with increasing amounts of DNase I(P-L) as described by 
Siebenlist et al.™®. Each sample contained 2 x 10’ nuclei and DNase 
I as indicated at the top. Following DNase treatment, nuclei were 
lysed and DNA was prepared. A portion of each DNA sample 
(10 ug) was restricted with Kpnl and subjected to analysis by 
genomic Southern blotting’*. Using the probe shown above, 
p25BH3.4 (ref. 32), several sub-bands were detected on DNase | 
treatment of chromatin from 54c12. These sub-bands correspond 
to those shown previously to arise from DNase I-hypersensitive 
regions in the 5'-flanking region of transcriptionally active human 
c-myc*’. These results were confirmed with different restriction 
enzymes and DNA probes. Boxes labelled E1, E2 and E3 represent 
the three exons of c-myc; arrows labelled P, and P, show transcrip- 
tional initiation sites for the two promoters of the gene*="'. 


Several models of tumorigenesis are based on the idea that 
increased expression of a proto-oncogene allow cells to escape 
normal growth controls in vivo***°. One obvious mechanism to 
achieve elevated expression of a cellular gene is through 
amplification. Indeed, there is considerable evidence linking 
gene amplification to the generation and/or progression of a 
tumour” `, Here we report that three indepdent cell lines 
already transformed by the v-abl oncogene and maintained 
under no apparent selective pressure in vitro, carry an 
amplification of a second oncogene, myc. Amplification of an 
oncogene is not necessarily limited to the process of tumour 
progression in vivo. This may be because selective pressures of 
the same kind that occur in vivo also take place during growth 
in vitro. It is possible that in a population of A-MuLYV-trans- 
formed fibroblasts in culture, a rare cell, in which c-myc activated 
by amplification, acquired a growth advantage. Alternatively, 
the frequent association between v-abl and the activation of the 
c-myc oncogene in murine plasma cell tumours and in fibroblasts 
transformed in vitro by A-MuLV may be the consequence of 
some undefined aspect of the oncogenic state induced by v-abl. 
Further experiments will assess whether the activation of c-myc 
actually confers a growth advantage on the v-abl-transformed 
cells or whether a more subtle link exists between v-abl and the 
genetic changes occurring at the c-myc locus. 
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There is increasing evidence that at least some of the cellular 
homologues to retroviral oncogenes (c-onc or proto-oncogenes) 
are directly linked to the control of cell growth (for a review see 
ref. 1). Among these, c-myc, the cellular homologue to the avian 
myelocytomatosis virus (MC29) oncogene, has been shown to 
express high levels of mRNA during early G,/G, phase after 
mitogenic stimulation of T lymphocytes* by concanavalin A or of 
fibroblasts by platelet-derived growth factor (PDGF) or serum’. 
An attractive model proposed for this regulation is that the c-myc 
gene is strongly repressed in cells arrested in the G, phase of the 
cell cycle by a growth factor-sensitive repressor“, We have investi- 
gated an alternative model of post-transcriptional regulation. This 
latter model leads to two testable predictions. First, that c-myc 
mRNA should be unusually unstable, which we have confirmed*. 
And second, that there would be a high level of constitutive 
expression, a situation opposite to that implied by the repressor 
model. Here we report that c-myc gene is indeed transcribed at a 
high rate in Go-arrested chinese hamster lung fibroblasts, although 
the level of mature c-myc mRNA is barely detectable. The early 
and dramatic increase in c-myc mRNA levels when these resting 
cells are stimulated by growth factors is not accompanied by any 
appreciable change in the transcription rate of c-myc gene. Taken 
together these findings support a model of post-transcriptional 
regulation of c-myc expression at the level of mRNA degradation. 

The occurrence of chromosomal translocations involving 
c-myc in various Burkitt's lymphoma cell lines has provided a 
way of comparing the expression of both alleles. The absence 
of detectable c-myc transcripts originating from the normal allele 
led to the conclusion that only the translocated one was 
expressed", This suggested a regulation by trans-acting ele- 
ments’ which in turn led to the proposal of several models 
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Fig. 1 Induction of c-mye mRNA on stimulation of quiescent 
CCL39 cells by thrombin with insulin, 

Methods. Confluent CCL39 cells were arrested in G,/G, by serum 
deprivation for 27 h in 1:1 mixture of Dulbecco's modified Eagle’s 





“AR 


medium (DMEM) and Ham's F12 medium" and then stimulated 


to progress synchronously through the cell cycle by adding a- — 


thrombin (2 U mI™') and insulin (10 yg ml"). For each time point, 
2x10’ cells from one 14-cm Petri dish were washed twice with 
10 ml ice-cold phosphate-buffered saline (PBS) and once with 
10 mM Tris-HCI pH 7.4, 10 mM NaCl, 1.5 mM MgCl,. They were 
then scraped off and broken with a Dounce homogenizer in 1 ml 
of the above buffer containing 1% v/y Triton X-100 and 10mM 
vanadyl ribonucleoside (BRL). Nuclei were spun down for 15 s in 
an Eppendorf centrifuge and the supernatant was digested for 2 h 
at room temperature with 200 pg ml”! proteinase K after addition 
of one volume of 20mM EDTA, 0.3 M NaCl, 2% w/v SDS and 
20 mM Tris-HCI pH 7.5. After phenol-chloroform extraction and 
ethanol precipitation, poly(A)” RNA was obtained according to 
Bantle and Maxwell*”. a, Poly(A)* RNA prepared from 250 ug 
total RNA was fractionated on 1.2% formaldehyde-agarose gels 
and transferred to nitrocellulose following the procedure of 
Thomas”. Filters were prehybridized for 4h in a solution contain- 
ing 50% v/v formamide, 20mM NaH,PO, pH 7, 0.75 M NaCl, 
5 x Denhardt's solution, 100 pg ml~' sonicated and denatured sal- 
mon sperm DNA, 0.1% SDS and 10% dextran sulphate. Filters 
were hybridized for 24h with 510° c.p.m. of *?P-labelled nick- 
translated c-myc (pRYC 7.4) probe (specific activity 2-3 x 
10° c.p.m. per ug), washed at 60°C in 0.2xSSC, 0.1% SDS and 
autoradiographed for 2 days using Kodak XAR film with a Quanta 
IHI DuPont Cronex intensifying screen at —70 °C. The first probe 
was removed by five washes in boiling water and filters were 
rehybridized with the GAPDH (pRGAPDH13)"" probe. b, North- 
ern blots of a were quantified by densitometric scanning and c-myc 
mRNA levels were expressed as the ratio of c-myc/GAPDH 
signals. 


involving a transcriptional repressor™*, although the alternative 
possibility of a controlled degradation of the mRNA could not 
be formally excluded. The control protein, be it a repressor or 
an element of the degradation process, was shown to be labile 
from the superinduction in c-myc mRNA levels observed after 
inhibition of protein synthesis”. Although the repressor model 
could explain the sharp increase in c-myc mRNA in response 
to mitogenic stimulation, it could not account alone for a 
transient peak of expression occurring at a precise time of the 
G,/G, transition unless the mRNA is rapidly degraded or 
somehow inactivated. Indeed, we have recently shown* that 
c-myc mRNA is extremely unstable in various human cells, 


whether normal or transformed, thereby supporting a model of 


regulation through mRNA degradation. These two models lead 


to opposite predictions with respect to the basal level of c-myc 
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Fig.2 Nuclear run-on analysis of c-myc gene activity in CCL39 
cells stimulated to grow by thrombin plus insulin. Nuclei prepared 
from 2x 10’ CCL39 cells either Go-arrested or stimulated to grow 
for indicated times as in Fig. 1 were resuspended in 50 mM Tris- 
HCI pH 8.3, 40% v/v glycerol, 5mM MgCl, and incubated for 
10 min with 200 aCi of [a**P]UTP (Amersham, 400 Ci mmol™') 
in conditions described by Schibler et al.'° for elongation of nascent 
RNA chains. Deproteinized RNA (6 x 10° c.p.m.) was then hybrid- 
ized to nitrocellulose filters carrying dot-spots of 5 pg alkali- 
denatured DNA from -actin (pAL41)"°, c-fos (pe-fos(mouse)- 
3)'*, pBR322, c-myc(pRYC 7.4)'’ and GAPDH (pRGAPDH13)". 
Hybridization and washing conditions were as described else- 
where*. Autoradiographs were exposed for 14h for B-actin and 
c-fos and 24 h for c-myc and GAPDH (a). Signals were quantitated 
by densitometric scanning and expressed with reference to zero 
time (Gp-arrested cells). The c-myc curve is actually a composite 
of five independent experiments (b). O, B-actin; A, c-fos; @, c-myc. 


transcription. Under the repressor hypothesis, the basal rate of 
transcription should be minimal and inducible**, while the 
degradation model implies that c-myc would be constitutively 
transcribed at high rate. We therefore investigated the transcrip- 
tional status of the c-myc gene when Gp-arrested fibroblasts are 
stimulated by purified growth factors. 

We used a non-tumoral line of Chinese hamster lung fibrob- 
lasts (CCL39) which can be reversibly arrested in G,/G, by 
serum growth factor deprivation'’. Addition of two purified 
growth factors (insulin and a-thrombin) to these resting cells 
initiates early biochemical responses'' required for subsequent 
DNA replication and growth. We therefore analysed the c-myc 
mRNA content in poly(A)* RNA by RNA blotting experiments 
performed at various times during growth factor-induced Go/G, 
transition. Figure la shows that virtually no c-myc mRNA is 
detectable until 10 min after addition of thrombin plus insulin, 
when a sharp rise is seen for 1 h followed by a more gradual 
decline over a period of several hours. To take into account 
experimental variations in the amount of RNA transferred to 
the nitrocellulose, all densitometric quantitations were made 
with reference to the signals obtained by rehybridizing the same 
blots with a glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) probe’* which showed no reproducible variations 
over several independent experiments. The resulting normalized 
kinetic curve is shown in Fig. 1b. 

At this point, this transient accumulation can be accounted 
for either by a stimulation of transcription or by any post- 
transcriptional event (maturation, transport or stabilization of 
the message). The first possibility was addressed by carrying 
out in vitro nuclear run-on experiments at various times after 
addition of growth factors so as not to miss a transient and very 
early wave of transcriptional stimulation which would only 
materialize as cytoplasmic mRNA at later times. Recent 
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Fig. 3 Characteristics of the transcriptional activity observed in 
Fig. 2. a, **P-labelled RNA from in vitro incubated nuclei from 
Gp-arrested and 2-h-stimulated cells as above was hybridized to 
dot-spots carrying 5 yg of indicated DNA probes. P1 and P2 were 
Xbal/ EcoRI subclones of the human c-myc genomic clone con- 
structed and kindly donated to us by Dr D. Stehelin*’. Coding (+) 
and noncoding (—) strands of pRYC 7.4 were subcloned in 
M13mp9. In this latter case, the autoradiograph was overexposed 
to emphasize the lack of hybridization with (—) strand. b, °P- 
labelled RNA from nuclei from Gp-arrested cells were incubated 
in vitro as above in the presence (+) or absence (—) of 2 ug ml~' 
a@-amanitin and hybridized to dot-spots carrying 5 wg of indicated 
DNA probes. The rDNA probe contains a 6.7-kb EcoRI genomic 
DNA subfragment cloned in pBR322 (pMEB 2) and was obtained 
from Dr J. P. Bachellerie*’. c, The Northern blot was obtained 
from 0 and 2-h-stimulated cells and successively hybridized with 
c-mye (overexposed for 1 week) and GAPDH probes (14h 
exposure) as in Fig. 1. In this latter case, RNA was prepared with 
GuSCN/LiCI’® and total poly(A)*RNA analysed by Northern 
blotting. 


reports'*"'* indeed show that such a situation does exist in the 


case of c-fos, whose transcription is greatly increased within 
minutes after administration of purified growth factors to quies- 
cent 3T3 cells. 

In vitro transcripts were generated by elongation of previously 
initiated RNA chains during incubation of nuclei isolated from 
cells at various stages of the Gp/G, transition in the presence 
of [a-*?P]UTP as described by Schibler et al.'®. In these condi- 
tions, which preclude initiation of new transcripts, this assay 
provides a reasonable measurement of the number of polymerase 
molecules actively engaged in transcription before cell lysis. 
Run-on transcripts were then hybridized to dot-spots of plasmid 
DNA containing rat GAPDH complementary DNA 
(pRGAPDH13)"*, c-myc cDNA covering the 3’ half of the 
messenger (pRYC 7.4)", c-fos genomic DNA (pc-fos(mouse)- 
3)'* and B-actin mouse cDNA" as described in Fig. 2 legend. 
There was no significant difference between transcription rates 
in quiescent and stimulated cells in the cases of c-myc and 
GAPDH, while -actin and c-fos exhibited a strong stimulation 
(Fig. 2a). Figure 2b shows the relative transcriptional level of 
c-myc, c-fos and B-actin after normalization of the densitometer 
scannings with reference to GAPDH. The same experiment was 
repeated five times and the resulting spots obtained with c-myc 
and GAPDH were scanned and normalized with reference to 
the signals obtained with resting cells. In no case did the vari- 
ation observed with the c-myc signal exceed a factor of two. In 
a control experiment, run-on transcripts of nuclei from cells 
arrested in Go and stimulated for 2 h were hybridized to probes 
covering different regions of the gene as well as separated 
strands. Several controls were made (Fig.3) to establish the 
validity of the above nuclear run-on data: (1) Transcription was 
indeed from the coding strand (left panel). (2) Furthermore, the 
stoichiometry observed between signals obtained with probes 





“covering different parts of the gene served to show that the entire 
_ gene. was transcribed at the same rate, thereby excluding the 
- possible: release of an attenuation block occurring near the origin 
of transcription (Fig. 3a). (3) a-Amanitin (2 ug ml™!) com- 
pletely blocked transcription from c-myc and GAPDH while 
not affecting that of ribosomal DNA. This control, carried out 
on both Go-arrested (Fig.3b) and 2- h-stimulated cells (not 
shown) with similar results, establishes that the transcripts 
observed are made by RNA polymerase II. A Northern blot of 
: RNA from the same cells purposely overexposed to reveal the 
< basal level of c-myc expression in quiescent cells (Fig. 3c) 
`, allowed the detection of a larger band (~5 kilobases; kb) which 
= remained constant in both situations. The possibility of non- 
< specific hybridization with rRNA has not been rigorously 
. excluded and is under investigation using an intron probe. 
< However, the occurrence of the same signal when using purified 
é -exon 3 probe (not shown) makes this unlikely. 
_.. The above results strongly point to a crucial, although possibly 
not exclusive, contribution of degradation mechanisms to the 
regulation of c-myc expression in cells stimulated to grow. In 
a rather similar situation, the mitogenic stimulation of quiescent 
3T3 cells by serum or PDGF, Greenberg and Ziff"? noted a small 
increase in c-myc transcription which, as pointed out by these 
. authors, could not by itself account for the dramatic increase 
in cytoplasmic c-myc mRNA. Should the 5-kb transcript turn 
out to be a real precursor, its constant level would raise the 
- question as to whether the nuclear pre-messenger or the cyto- 
plasmic messenger is the main target for degradation. 
The comparison of transcription rates of c-myc and GAPDH 
` in quiescent cells shows perhaps our most significant results. 
- The housekeeping enzyme GAPDH is known to be abundant 
: in nearly all tissues“? as well as in undifferentiated cells like 
`: HeLa cells*'? and in any event certainly more so than the myc 
= protein, despite the lack of quantitative information about the 
- latter. In sharp contrast to the relative amounts of GAPDH and 
= mye proteins, the rate of nuclear transcription of the c-myc gene 
< Is roughly comparable to that of GAPDH (after correcting for 
the length of probes used). This finding clearly indicates that 
= the c-myc promoter is quite active even in quiescent cells. It 
therefore contradicts the prediction of models forthe regulation 
-of c-myc expression based.ona transcriptional repressor** which 
` implied a low basal rate of transcription*. The two predictions 
of our model of regulation at the level of messenger stability, 
the instability of c-myc mRNA and a high level of constitutive 
transcription, are now clearly fulfilled. In the light of this new 
model, it would be worth reconsidering the assumption that, in 
: Burkitt’ s lymphoma cell lines where c-myc gene is translocated, 
the normal allele is not expressed” -> Further experiments should 
aim to establish whether it is truly transcriptionally silent, as 
suggested by DNase sensitivity studies”, or whether its tran- 
‘scripts are so unstable as to escape detection. 
_ Recent reports have provided several examples of post-tran- 
F scriptional regulation. Groudine and Casimir” have shown that 
_. the chicken thymidine kinase gene is transcribed at the same 
` level in dividing and non- dividing cells while important vari- 
tions « of mRNA were observed. Cleveland and Havecroft”’ have 
hown that the tubulin mRNA content could be reduced in 
olchicine-treated CHO cells while transcription remained 
unchanged. Recent work from our own laboratory’??? showed 
~ that the widely different abundance of GAPDH in various rat 
tissues is correlated with the abundance of its messenger while 
_ transcription rates are quite similar i in all tissues. In the case of 
dihydrofolate reductase, Leys et al.2° have shown the important 
regulatory role of nuclear transcript degradation for this 
. gene. 
_ This work was supported by grants from CNRS (UA 541, LP 
300), INSERM, Ligue Nationale de Lutte Contre le Cancer 
comités. del Hérault et des Pyrénées Orientales), Fédération 
es Centres de Lutte Contre le Cancer, Caisse. Régionale 
ssurance-Maladie and Association pour le Développement 
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The per locus has a fundamental tavolvement i in the expression of 
biological rhythms in- Drosophila. Mutations at this locus can 
shorten, lengthen or eliminate a variety of rhythmic activities that 
range from circadian behaviours, exemplified by eclosion and 
locomotor activities’*, to short-period behaviour such as the 55-8 
rhythm of courtship song’. DNA from the per locus has bei 
cloned*”’, and we have used P-element-mediated DNA transform: 
tion to establish that a 7.1-kilobase (kb) HindIII fragment contain 
a functional copy of the ‘gene. This transforming DNA contain 
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a single transcription unit which gives rise to a 4.5-kb poly(A)* 


RNA”. Here we report the results of a search for sequences 
homologous to the per locus DNA in the genomic DNA of several 
species of vertebrates. An unusual, tandemly repeated sequence 
forming a portion of the 4.5-kb per transcript is homologous to 
DNA in chicken, mouse and man. Cloned DNAs from the mouse 
and Drosophila are related by long, uninterrupted tandem repeti- 
tions of the sequence ACNGGN. At the per locus, these tandem 
repeats are predicted to code for poly(Thr-Gly) tracts up to 48 
amino acids long. These repeated sequences are also transcribed 
in the mouse. Several long tracts of poly(Thr-Gly) appear to be 
encoded by DNA cloned from the mouse. 

A per locus probe was hybridized to yeast, Drosophila, 
chicken, cat, mouse and human DNA (see Fig. la). Strong, 
multiple DNA homologies were detected in the mouse, while 
two or three homologies were seen in Drosophila and chicken, 
and a single weaker homology was detected in human DNA. 
As about a dozen genomic restriction fragments in mouse DNA 
are homologous to the Drosophila per sequence, several cloned 
DNA segments containing per homology were recovered from 
a mouse cosmid library using the Drosophila 7.1-kb HindIII 
fragment as probe. Figure 1b, c shows hybridizations involving 
two such mouse clones, cp2.2 and cp35.3. When used as a probe, 
the Drosophila 7.1-kb HindIII fragment showed strong hybridiz- 
ation to a single restriction fragment in each mouse clone, 
indicating that each mouse cosmid contains a discrete region 
that is highly homologous to the Drosophila DNA. More exten- 
sive mapping of cosmid cp2.2 has localized the region of 
homology to a 2.5-kb EcoRI fragment (Fig. 1d). This mouse 
restriction fragment is homologous to a short region of the 
Drosophila per locus; all homology in the Drosophila DNA is 
confined to a 1-kb EcoRV/ BamHI fragment (Fig. 1d). The 
2.5-kb EcoRI fragment from mouse cosmid cp2.2 was also used 
as a hybridization probe on mouse cosmid cp35.3 DNA. Restric- 
tion fragments labelled in cosmid cp35.3 by the Drosophila probe 
(compare with Fig. 1c) were also labelled by the mouse cp2.2 
probe. Thus, all three clones seemed to carry a common sequence 
homology. 

A portion of the 2.5-kb EcoRI fragment from mouse cp2.2 
(0.5-kb EcoRI/Stul; for location see Fig.3 legend) was also 
hybridized to restriction digests of total genomic chicken, cat, 
mouse, rat and human DNA (Fig. le). As shown below, this 
mouse probe is composed primarily of a DNA sequence that is 


_ shared by the Drosophila and mouse clones. Hybridizing restric- 


tion fragments were observed in all the DNA samples tested, 
and the restriction fragments previously labelled with the 


Fig. 1 DNA homologous to the Drosophila per 
locus is present in vertebrates. a, Total genomic 
DNA from yeast (0.5 ug), Drosophila (0.5 ug), 
chicken (5 ug), cat (10 pg), mouse (10 pg), and 
human (10 pg) was digested with BamHI, sub- 
jected to electrophoresis on a 0.75% agarose 
gel, and transferred to a nitrocellulose filter. A 
1.3-kb Pstl/ BamHI fragment from per was 
nick-translated and used as a hybridization 
probe (for location of probe, see d below). 
Hybridization was at 40°C in 5xSSC, 50% 
formamide, 7 mM Tris pH 7.5, 1 x Denhardt's 
solution, 25 yg ml” salmon sperm DNA, and 
10% dextran sulphate. Washes were in 0.2 x 
SSC, 0.1% SDS at 45°C. Numbers indicate 
sizes in kb. b, c, Mouse cp2.2 and cp35.3 DNAs 
were digested with BamHI, subjected to elec- 
trophoresis, and transferred to nitrocellulose as 
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Drosophila probe (Fig. 1a) were again labelled with the mouse 
probe (Fig. 1e). Additional fragments were labelled with the 
mouse probe in most of the vertebrate DNA preparations. Thus, 
the same sequence homology should be responsible for at least 
the common hybridizations seen in Fig. 1a and e for DNA from 
chicken, mouse and man. 

Figure 2a shows that the DNA sequence shared by Drosophila 
and vertebrates is transcribed in Drosophila. The 2.5-kb EcoRI 
fragment from mouse cp2.2 was hybridized to poly(A)” RNA 
from Oregon R, a wild-type strain of Drosophila, and we found 
three size classes of poly(A)* RNA (5, 4.5 and 3.5 kb) that are 
homologous to the mouse probe. No hybridization to the 4.5-kb 
poly(A)* transcript was detected in RNA derived from aneu- 
ploid flies of the genotype Df(1)TEM202/Df(1)64j4 (not 
shown), which are specifically deficient for the transcription 
unit encoding the 4.5-kb per RNA’. Therefore, it can be con- 
cluded that the 4.5-kb RNA detected with the mouse probe in 
Oregon flies is the per transcript. The 5-kb and 3.5-kb transcripts 
hybridizing with the mouse probe are apparently transcribed 
from regions of the Drosophila genome carrying short per locus 
homologies, as described previously*®. 

Figure 2b shows that the 2.5-kb EcoRI fragment from the 
mouse clone cp2.2 is homologous to discrete mouse poly(A)* 
transcripts. All mouse tissues examined produced homologous 
RNA, including brain, intestine, liver, spleen, kidney and a 
myeloma cell line. As these hybridizations were carried out at 
very high stringency (see Fig. 2 legend), the transcripts detected 
must be extensively homologous to cp2.2. Figure 2c shows that 
additional mouse transcripts are detected with less stringent 
hybridization conditions; this result suggests that more than one 
member of the family of per-homologous repeat DNA sequences 
is transcribed in the mouse. This notion is supported by Fig. 2d, 
which shows that many of the mouse transcripts detected in 
Fig. 2b and c are also seen when labelled Drosophila per locus 
sequences are used as a probe. As mouse and fly probes hybridize 
to common RNAs, we conclude that a DNA sequence shared 
by the two species is transcribed in the mouse. 

The complete DNA sequence of the mouse 2.5-kb EcoRI 
fragment contained in cp2.2 is presented in Fig.3. The DNA 
sequence of the 1-kb EcoRV/ BamHI fragment of the Drosophila 
per locus has also been determined, and the mouse-homologous 
region of this Drosophila DNA, which is just less than 0.20 kb, 
is presented in Fig.4. The Drosophila sequence consists of a 
tandemly repeated hexamer which can be represented as 
(ACNGGN),. Thus, 24 tandem copies of this sequence are 
found, without interruption, at the per locus. The ACNGGN 
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in a. Blots were hybridized with nick-translated per 7.1-kb HindIII fragment (see d below), and washed as in a. d, Map of per 7.1-kb HindIII 
fragment (left) and a 6-kb BamHI fragment from cp2.2 bearing homology to per (right). Hatched regions indicate cross-hybridizing restriction 
fragments. The per 1.3-kb Pstl/ BamHI fragment used as a probe in a includes the 1.0-kb EcoRV/ BamHI fragment shown in d. H, HindIII, 
B, BamHI; R, EcoRI; ES, EcoRV; P, Pstl. e, Total genomic DNA from the indicated species (10 yg DNA from rat) was treated as in a 
except that the nitrocellulose blot was hybridized with a 0.5-kb Stul/ EcoRI fragment from mouse clone cp2.2. The DNA sequence of this 
probe is indicated in Fig. 3 legend. Hybridizations to mouse and rat DNAs are shown twice so that a long exposure of the human DNA 
hybridization can be presented. Numbers in a-c and e indicate sizes, in kb, of some hybridizing DNA segments as measured against restriction 


fragments of A cI8S7 DNA. 
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Fig. 2 Mouse/fly sequence homologies are @ 
transcribed. a, Poly(A)” RNA (Syg) from S 
Oregon R flies was electrophoresed through a o) 


1% agarose/2.2 M formaldehyde gel and trans- 
ferred to a Biodyne A membrane (Pall Ultrafine 
Filtration). The 2.5-kb EcoRI fragment from 
mouse cosmid cp2.2 was cloned into the 


Riboprobe vector pSP64 (Promega Biotec) in A 
both orientations. Single-stranded **P-labelled, 
2.5-kb RNA probes were synthesized. In both 3.50 


constructs the RNA was initiated at the SP6 
promoter of the vector and terminated at a 
BamHI site in the polylinker. Only one of these 
two probes (that predicted to be complementary 
to the 4.5-kb per transcript), hybridized with 
poly(A)” RNA from Drosophila. This probe 
also hybridized with mouse poly(A)* RNA (see 
below). In a this probe labels three Drosophila 
transcripts of 5, 4.5 and 3.5 kb, after hybridizing 
at 65°C in 50% formamide, 50mM NaPO, 
pH7, 0.8 M NaCl, 1mM EDTA, 0.1% SDS, 
and washing at 65°C in 5mM NaCl, 2 mM 
NaPO, pH 7, 0.01 mM EDTA, 0.01% SDS. b, a 
As in a, except that poly(A)" RNAs (5 ug per 


|7e 
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sample) are from the indicated mouse tissues. Brain 1 is from a fetal mouse (day 16); brain 2 is from a 1-day-old mouse. All other tissues are 
from adults. ¢, Hybridizations to mouse transcripts were as described in a: washes were performed at room temperature in 5mM NaCl,2mM _ 
NaPO, pH 7, 0.01% SDS, 0.01 mM EDTA. d, The mouse probe was stripped from the RNA blot used in b and c and the blot was subsequently Be 
treated as in c except that a Riboprobe vector carrying per locus DNA was used to synthesize a 2.5-kb, single-stranded, **P-labelled probe 
extending from the per HindIII site to the EcoRV site (see Fig. 1d). Numbers alongside each autoradiograph indicate sizes, in kb, measured 
against single-stranded RNA standards transcribed from restriction fragments of known lengths inserted in Riboprobe vectors. 


repetition extends over a longer region, covering a total of 177 
base pairs (bp), but insertions of unrelated sequences are found. 
These insertions consist of three base pairs or multiples of three 
base pairs. 

In Fig. 4 the ACNGGN repeat sequence for per is also aligned 
according to DNA homology with a corresponding sequence in 
the mouse 2.5-kb EcoRI fragment. The homologies are exten- 
sive; mouse and fly sequences are composed of the common 
repeating hexamer ACNGGN. Although the largest stretch of 
uninterrupted tandem repetition is found in the Drosophila DNA 
(24 copies of the hexamer), several uninterrupted tandem 
repeats, each composed of 10-20 copies of the hexamer, occur 
in the mouse clone so that ACNGGN repeats extend with 
multiple interruptions over a 1.7-kb interval. In total, 28 copies 
of the ACNGGN hexamer are found at the per locus in 
Drosophila and 192 copies of the hexamer are found in the 
mouse clone cp2.2. The cp2.2 clone probably carries the longest 
run of this repetitive sequence in the mouse because the restric- 
tion map of cp2.2 corresponds to that of the most intensely 
labelling, per-homologous DNA in the mouse genome (compare 
with Fig. la). 

As described earlier (Fig. 2), the tandemly repeated sequence 
is transcribed at the Drosophila per locus. Structural analyses 
of the 4.5-kb per transcript have been used to determine the size 
and sequence organization of several RNA coding regions at 
the per locus, and a complete report of this work will be pre- 
sented elsewhere. The RNA coding region carrying the 
Drosophila ACNGGN repeat contains only one open reading 
frame and the predicted translation product of the hexamer 
repeat is poly(Thr-Gly). 

In the mouse, the ACNGGN repeat sequence is part of a 
2.1-kb open reading frame (Fig. 3), and is bordered by sequences 
resembling consensus splice acceptor (for example, position 
153) and donor (for example, position 2,121) signals®. Each 
alternative reading frame carries a minimum of five stop codons 
in the 2.1-kb interval. The predicted translation product of the 
2.1-kb open reading frame resembles that found in Drosophila; 
wherever it appears in the cloned mouse DNA, the hexamer 
repeat would code for poly(Thr-Gly). The hexamer repeat 
sequence never occurs outside the 2.1-kb open reading frame 
(Fig. 3), and inversions, or DNA insertions or deletions that 
might shift the reading frame of the hexamer from ACNGGN 
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to NACNGG or GNACNG, do not occur. Insertions of three 


base pairs or multiples of three base pairs occur often. These 


sequence constraints make it probable that the mouse DNA is 
used to encode a poly(Thr-Gly) protein segment. 

In the same translational frame of the mouse DNA sequence, 
a second repeat unit is found that is composed of the hexamer 
TCAGGC; this would code for a Ser-Gly amino-acid repeat. 
This occurs most often in the form (Ser-Gly),. However, one 


related repeat segment includes 11 uninterrupted copies of the 


TCAGGC hexamer (position 1,896), and repeats of intermediate 
length are seen. A Ser-Gly amino-acid repeat is similar, chemi- 
cally, to a Thr-Gly repeat; serine and threonine differ only by 


a methyl group and both are hydroxylated, uncharged, polar 
amino acids. Both amino acids can be phosphorylated or gly- 


cosylated. In Drosophila, a region beginning about 100 bp 
upstream of the Thr-Gly repeat is rich in Ser-Gly codons. The 
sequence Ser-Gly (indicated by asterisks in Fig. 4) occurs five 
times in this interval, with three of the Drosophila Ser-Gly 
repeats occurring within a 27-bp region coding only for these 
two amino acids. 

The degree of sequence conservation within the mouse repeat 
is high. The ACNGGN repeat is almost always ACAGGC. GGT 
and GGG are occasionally used in place of GGC, but ACA is 
invariant. This degree of sequence conservation is often seen in 
DNA coding for proteins with long, tandemly repeated amino- 
acid segments’'*. Proper regulation of synthesis of a protein 
might depend on restrictive codon usage. Alternatively, the 
structure of such DNA segments may be preserved by DNA 
conversions occurring between repeating units of the tandem 
array'*-'®. A comparable level of sequence conservation is not 
seen in the Drosophila homologue (Fig. 4). 

Sequence analysis of cloned mouse DNA and the Drosophila 
per locus has revealed a region of high homology based on the 
repeat sequence ACNGGN, ACNGGN repeat homologies have 
not been detected in a computer search of the GenBank and 
Dayhoff DNA and protein sequence libraries. However, Ser-Gly 
repeats are found in certain proteoglycans where they form 
substrates for glycosylation'’. As pointed out above, the mouse 
and Drosophila clones analysed hybridize to a common set of 


restriction fragments derived from the total genomic DNAs of | 


chicken, mouse and man, so the ACNGGN repeat should be 
responsible for all of these homologies. In contrast to the result 
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TCTAGOTAAOTCTOAACTACHANGOSAGTTOAAGGECAOCCTEADCTACAAAGCAAGACCCTOTCTCATA 74 


f LlohantyrGlyAladsndrgaapProkspSerLysProThrélaPheProThrVallisPro 
ACAARRATAARTARACTATGGGGCERATAGAGATCCAGAL AGC AAGCOTACGOCCTTCOCCACTGTCCATCCT 449 


YalhlaPneProSerLeuSerPradlathehistyrcysbLevdladluGlyLeuSerCysMetAsnlyskspels 
AGOTTECCOCAGTCTG TOACETOCTAC ACACTACTOTOVIGC AG AAGOCCIGAGCTOTATGARCAAGGATCAT 22% 


ay CystilylialhecyalysGludlaProargGlySerValaialysGlucy sargProglyPheiluleukla 
GECTETESTCACATCTGCAAGG AGG CCE CARGAGOCACCGTTGCCTEIGAATGCAGRCCTGGTITTIGAACTGGCE 299 


Ly sdanGinLyshepCyaliecyslystTyrGiubeuserlleSerGiuvaldiyThraAlatTyrTordgluvalarg 
AARAACCRUARAG AU TOCATCTETAAGTATG AACTGTCAAT AAG TC AGO TOGGTACAGCCTACACAGAGGTCAGA R748 


LysferthrtheGlyThrdlatorGlyilediathrGlyTarcysThrGiythrGlyAravalbysalatordly 
AAARDARCCACOGGG ACAGCCUACAGG TATARCCACAGG TACATOCACAGOCACAGUCAGAGTCARAGECACAGGC udg 


ArgGiyTarGiyThraspThrkapTarciyThevalThralaadrgalaThrValThrAlaArg¥al TarGlyThe 
AGUCACAGU AAC AG AC ACAGACACAGGT ACAGTCACAGCTAGAGCCACGGTCACAGCOAGAGTSACAGGCACA SZK 





‘ardigThrAlaThrValThrG LoTheG ly Thrélalys¥alThrAspTharg ly thro lyThraiyThrala 
GAGG AAC AGCCACAGTCACAGAGACAGGCACAGCE AAAS TCACAGACACAGGCACAGGCACAGGCACAGCE 599 


a¥aiTordlyThraAlalbys¥alTarGlyTarglyThrGlytThrdiytarslyThrdiyTardiyThrGly Thar 
ANKDTCATCAGOCACAGCCARAGTCACAGGCACAGGCACAGGCACAGGTACAGGCACAGGCACAGGCATAGGTACA ATA 


ythrgiytTardlytnrGiyThralalyaeVaiThrGlyturGiytaraspargGlyThrGiyThrdlyTardly 
JE RC AGGCACAGOCACTAGUCACAGCCOAARS TCACAGGCACAGGTACAGACAGAGGCACAGGCALAGGCACARGE TR 


rGlyTardlyTargiyThreiytheoly Tard ly Thrdialys¥aiTordiyThrAiaLys¥al ThrolytThe 
ACAGGCACAGOCACARGCACASGUACAGGCATAGGCACAGCCAAAGTCACAGGCACAGCOAAAGTCACAGGCACA B24 


GiyThr@iyTarAlalysValtarGly Trg lyTarG ly TheGiyTarGly Tard iyThrGiyThrGlyThraly 
GGG RCAGGCACAGCE AAAGTCACAGOCACAGGGACAGOCACAGGCACAGSCACAGGCACAGGCACAGGTACAGEC 899 


ThrdaptarclyTarGiyThrAlabys¥aiTarGlyTorGlyTarG lyTordlyThrGlyTharGiyTarciytor 
AGU AUAUAC AGG CACAGGOCACAGCCAAACTCACAGGCACAQGCACAGOCACAGGTACAGGCACAGECACAGSCACA 474 


Oly TargiyTargiyTarGiyTarGiytThrAlaLysValtarGiytaralyThraAspaArgGiyTarciyTargly 
GOTACAGGCACAGGCACAGGCACAGGCACAGCCARAGTCACAGGCACAGGCACAGACAGAGGCACAGSCACAGOC 1048 


ThrGlyTargiytorGlytwradiythersiythrGlyTheGiytardlyTheraélaLysValThreiyThroiyTher 
AGAGUEACAOOCACAQGCRCAGECACAGECAC EGC CACAGGCACAGGCATAGCCAAAGTCACAGGCACAGGCACA 928 


GiyTurdipgThrGiyThrGlyThrgiyTurd iy TarGiyThed ly TardlyThrGlyThrGipthesiythrG iy 
GOCACAGG OAT AGG CACAGGCACAGGCACAGSCACAGOCACAGGCACAGGE ACAGGCACAGGCACAGGCACAGES 1199 


; wetlySerGlyTarGlyTarGlyTarGiyTherGiySer@lySerGlyTargiyThrdlyTardlySerGlySer 
TUAGOOTCAUGUACAGOC ACAGGCACAGUCACAGGCTCAGOCTCAGGCACAGGCACAGGCACAGOCTCAGGCTCA L278 


GixyTaraAdalyaValThr@lyThrALaTheG ly TheG ly TheGlLyThraspTheG LyTorGlyTarGlyThrs iy 
GGLACAGCOAAAG TCACAGECACAGECACAGGCACAGGCACAGGCACAGACACAGOCACAGOCACAGGCATAGGE 1349 


SoPaeQ iy tardlyTarGiySerGiySeralythraélalyaVailTherGlyThréALatarthartardiatThrval thr 
ACAGGCACAGGCACAGGCTCARGCTCAGECACAGCCARADTEACAGGCACAGCCACGACCACAGCCACAGTCACA 1828 


Giuthr@iyThralabys¥aithrdiyTerkaptheGlyThralalysvValTarciyTorGlyThrolyTarGiy 
GAGAC AGG CACAGTCS AR AG TCACAOGCARAGRCACAGGSACAGCCAARGTCACAGGCACAGGCTACAGGCACASSC 1,499 


oTneGigTarGiyTardiy ThaerGilyTarGiyThrGlytorGlytorGlyTarclyThrdlyTardiyTarGlythr 
“AUC EGG EACROGCACAGOCACAGOCACAGGDACAGGCACABOCACAGGCACAGOCACAGOGCACAGGCACAGGCACA 157% 


Bly TaragiytardlyThrOlyThrGiyTarGiySerdlySerGlyTnaraAlaLys¥alThraiyThrasptaraly 
GG CACAGUCAC AGG CACAGGCACAGGUACAGOCTCAGGCTCAGGCACAGCCAAAGTCACAGGCACAGACACAGGC 4649 


'oapababyav¥aitordlytarGlytarGlyTardiyThrGiytThrdlyThrGiytThraiyThrdlyTardilytar 


p ACAGUCAAAG TCACAGGCACAGOCACAGGLACAGUCACAGGCACAGOCATAGGCACAGGCACAGGCACAGGCACR 1,728 


“Gis thrGixytordiySerGiySerd) ySerGlySerGiySerGlySerSlySecGlyTarGiyTarGlytardiy 
BRC ACRAGCACAGGCT CACO CTCACRCTOAGUCTCAGGCTCASOCTCAGOCTCAGGCACAGGCACAOGCACAGGC 1799 


heyhey SeargilySerGiySerGglyThrdAlaLysValtoarGiyThrGglyThralalyaVal Thra@lyThrGiytThe 


“OO TAGOOTC AGULTCAUGCTCAGG CAC AGCCAAAGTCACAGGCACAGGCACAGCCAAAGTCACAGGCACAGGCATA Leta 


“OG hy Tar iy ThrGlyThrdgiySerGiysSerclySerGiySerGiySerGlySerdlySerdlySerGlySerdiy 
QGCATADG CACAOBCACADGCTCAGHETCAOGCTCAGGCTCAGOCTCAGGLTCAGGCTCAGGCTCAGGCTCAGGE 1.949 





OSerQlySerGlyTarGlyThrdiyThar@lylLeuGlySerGlySerGiySerGlySerdlyThrGlyThrglythr 
SO RCSAOCTCAGGCACAGGCACAGOCACAGGCUTAGGCTCAGGCTCAGGCTCAGGCTCAGGCACAGUCACAGGCACA 202k 


GiytTheOigtharGiythrdiytardisytardlyToacGiytTarserThrValtnrValargGlyThrGiyTargly 
GOCACEMET AC AGU CACAGOCATADGCACAGGCACAGGCACAAGTACAGTCACAGTOAG AGUOCACAGGTACAGGEC 2399 


PhraLatoerkiaTacd lpTarg ly ThediyTaeGlyTarGlyTardiyThrGiytardiyThrGiyTardly tar 
ACMG CCRC ATCC ACKUGCACAGG TAC ADGLACAGGCACAGG TACAGGTACAGGTACAGGCACAGGCACAGGLACA 257% 


‘AspthrSerTarS ly ThraapareGlyTarGlyTarGliyTheGlyThrais 
GRORCA AS DACAUGCACAGACAGAGOUUACAGOCACAGSCACAGGUACAGCTTAGGAACAAARGAGCAGCTIGTGS 22.49 


TCATTOCTYTCCTTCTATTCTATOTG TCCCEGOGATTTAACTCAGTTATAGATGTCTTTACCCTGITCTATCT R324 
ECU ACCAACOAATARACETTTTTICTIITTTCTITICACTAAATG TTTTTTATTG TOACTGOCTIAAATOCTTT 2399 


‘TAY SACATTIGCATTCOTG TGATCTOAGCACTTAGS AGG TARAGGGAGGAGCATTGGGAATTC 2465 


Fig. 3 DNA sequence of the 2.5-kb EcoRI fragment from the 
mouse cp2.2 clone. The 2.5-kb EcoRI fragment was purified from 
“am agarose gel and cloned in both orientations in the vector 
MI3mp18. A series of overlapping deletions was constructed with 
-single-stranded DNA according to the procedure of Dale et al.'*. 

Single-stranded DNA preparations and sequencing protocols were 
‘based on standard procedures'?°, The DNA sequence shown was 
determined on both strands using overlapping deletions not 
l exceeding 150 bp. A conceptual translation of a 2.1-kb open reading 
frame is presented (see text). The Stul/ EcoRI fragment used as a 
‘hybridization Probe on DNA from other species (see text) extends 

from position 1,976 to 2,465. 





tained when Drosophila ` DNA was used as a probe in these 
periments (Fig. la), the cloned mouse repeat sequence hybrid- 
sto DNA from the cat and to additional restriction fragments 
‘om chicken and man (Fig. 1e). These additional hybridizations 
may also be due to DNA sequences coding for Thr-Gly and 
r-Gly repeats as the mouse probe is composed chiefly of the 
onserved DNA sequence, and codons used for threonine, serine 
d glycine in the mouse cp2.2 clone differ substantially from 
æ used most often to code for these amino acids in the 
sophila clone (Fig. 4). 














Fly P | ‘Ala Ser Gly Pro Met Ser Pro Val Ris 
Fly D GGC ACG TOT GTC AGT GGC GCC AGT GGT CCG ATG AGT CCC GIC CAC 45 
seo ott eos Ee see ¢¢¢6 

Fly P Glu Gly Ser Gly Ser Gly Ser Ser Gly Aan Phe Thr Thr Ala 
Fly D GAG GGC AGC GGG GGC AGT GGC TCC TCG GGC AAC TTC ACC ACC GCC 90 
Fly P Ser Asn Ile His Met Ser Ser Val Thr Asn Thr Ser Ile Ala Gly 
Fly D AGT AAC ATA CAC ATG AGC AGT GIG ACA AAT ACG AGC ATT GCC GGC 135 
Mouse p GEC ACA ess vos coe eve ese GGC 821 
Fly P Tar Gly Gy Thr Gly Thr Gly Thr Gly Thr 
Fly D ACT gar eee JGC ACG see cos one eee GGC ACT GGT ACA GGT ACA 165 
Mouse D ACA GGG ACA GGC ACA GCC AAA GTC ACA GGC ACA GGG ACA GGC ACA 866 
Fly P Gly Thr Gly Tar Gly Thr Gly Thr Gly Thr Gly Thr Gly 
Fly D GGT ACT GGA ACT GGA ACT GGA ACC GGG ACA GGA ACT wes «oe GGA 204 
Mouse D GGC ACA GGC ACA GGC ACA GGC ACA GGC ACA GGC ACA GAC ACA GGC 911 
Fly P Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly Thr 
Fly D ACC GGG ACA ese con cae eee GGA ACT GGA ACC GGG ACA GGA ACT 237 
Mouse D A ACA GGG ACA GCC AAA GTC ACA GGC ACA GGC ACA GGG ACA GGT ACA 956 
Fly P Gly Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly Thr Gly 
Fly D GGA ACG GGA ACA GGT ACA GGG ACA GGC ACA GGC ACT GGA ACA GGC 282 
Mouse D GGC ACA GGC ACA GGC ACA GGT ACA GGC ACA GGC ACA GGC ACA GGC 1,001 
Fly P Asn Gly Thr Asn Ser Gly Thr Gly Thr 

Fly D AAT GGA ACA AAT TCC wae aso oso sae aac ACC GGA ACC 309 
Mouse D see see ACA wee sae GOC AAA GTC ACA GGC ACA GGC ACA 4,028 


Fig. 4 Sequence of homologous DNA segments in the mouse and 
.Drosophila, The DNA sequence of both strands of the per 
EcoRV/ BamHI fragment (Fig. 1d) was obtained by shotgun clon- 
ing and sequencing in bacteriophage M13. Fly D, that portion of 
the Drosophila fragment bearing homology to the mouse clone 
cp2.2; Fly P, the predicted translation product of this per locus 
DNA (see text); Mouse D, a segment of the mouse DNA sequence 
with numbering corresponding to nucleotide positions in Fig. 3. 
Gaps in the alignment of the mouse and fly sequences have been 
introduced to maximize DNA homology. All gaps involve three 
nucleotides or multiples thereof. 


The conserved sequence is transcribed in Drosophila and in 
the mouse, and the transcripts seen in both species hybridize 
with the same single-stranded probe (see Fig. 2 legend), indicat- 
ing that a number of different mouse and fly RNAs could code 
for homologous protein segments. The discovery of these 
homologies raises the possibility that an unusual protein seg- 
ment, composed of alternating threonine and glycine residues, 
and serine and glycine residues, contributes to the organization 
of biological rhythms in many species. It also focuses attention 
on this novel protein sequence as encoded by the Drosophila 
per locus. The contribution of this sequence to rhythmic func- 
tions in Drosophila can be assessed directly by in vitro 
modification followed by transformation of mutant flies. E 
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During platelet activation there is a major reorganization in the 
platelet cytoskeleton that accompanies a rapid change in platelet 
shape™?. Many of the events associated with activation are 
attributed to a rise in calcium concentration within the platelet 
cytoplasm**. One direct consequence of the elevated calcium is 
the activation of a calcium-dependent protease that cleaves a ma jor 
platelet protein of relative molecular mass (M,) ~235,000 (235K) 
to 200K (refs 5, 6). This protein, P235, has been purified’ and 
reported to interact with actin’, but the significance of the pro- 
teolytic cleavage is unknown. Talin, a cytoskeletal protein in 
smooth muscle and fibroblasts*’, binds vinculin'® and, together 
with vinculin®*'':", is localized in fibroblasts at sites of actin- 
membrane attachment. Talin and P235 have similar purification 
procedures, sedimentation coefficients and Stokes’ radii (ref. 6 and 
Molony et al., unpublished observations). Of particular sig- 
nificance, talin is readily cleaved by proteases from ~215K to a 
fragment of ~ 190K’. Given these similarities we have investigated 
the possible relationship between these proteins. Here we demon- 
strate that platelet P235 is recognized by anti-talin antibody and 
that it binds vinculin. Both proteins are cleaved in vitro by the 
calcium-activated protease to yield similar fragments. We conclude 
that P235 corresponds to the platelet form of talin. 

When whole platelets are electrophoresed on SDS-polyacry- 
lamide gels (Fig. 1a), many of the most prominent bands corre- 
spond to cytoskeletal components: filamin (actin-binding pro- 
tein) (250K), myosin (200K), vinculin (130K), a@-actinin 
(100K) and actin (42K). The platelet protein P235 is a major 
component migrating between filamin and myosin (Fig. 1a, lane 
2). When purified chicken gizzard smooth muscle talin is elec- 
trophoresed next to the sample of whole platelets (Fig. 1a, lane 
3) it appears to migrate to approximately the same position in 
the gel as P235. However, it is difficult to determine M, values 
in this region of a gel with precision, as the thickness of the 
bands contributes a significant error to the measurements. To 
compare the apparent M,s of P235 and talin more accurately, 
small amounts of the purified proteins were electrophoresed 
and the mobilities of these proteins as well as those of myosin 
heavy chain and brain spectrin (fodrin) were examined ( Fig. 
16). By this approach, P235 and talin migrate close to each 
other between the positions of myosin (200K) and the brain 
spectrin doublet (235K and 240K), but P235 appears to be 
slightly heavier than talin. The possible identity of P235 with 
talin was explored using a specific antibody against talin and 
the Western blot technique (Fig. 2a, b). A crude supernatant 
from platelets rich in P235, purified P235 and purified talin was 
electrophoresed on a 10% SDS-polyacrylamide gel (Fig. 2a). 
The proteins were transferred to a nitrocellulose sheet that was 
incubated with a rabbit antiserum specific for talin, followed by 
a second radioiodinated goat antibody directed against the first. 
The autoradiograph (Fig. 2b) shows that the anti-talin antibody 
cross-reacts with purified and crude platelet P235 protein. 

Previously, several assays have been used to demonstrate that 
talin binds vinculin'®:'*:'*, If P235 is functionally related to talin 
it might be expected to interact similarly with vinculin. This 
possibility was investigated using radioiodinated vinculin to 
probe P235 in samples transferred from an SDS-polyacrylamide 
gel to a nitrocellulose sheet. As shown in Fig. 3, P235 and talin 
are indistinguishable in their ability to bind '°I-vinculin 
specifically. 
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Fig.1 a, SDS-polyacrylamide gel elec- a 
trophoresis of standard proteins (lane 1), 
whole human platelet proteins (lane 2) 
and purified smooth muscle talin (lane 3). 
Platelet P235 (arrow) is a major com- 
ponent of intact platelets. At this con- 
centration, talin migrates close to the 
position of P235. M, markers in lane 1 are 
as follows: myosin, 200K; §-galac- 
tosidase, 130K; phosphorylase, 95K; 95- 
bovine setum albumin (BSA), 68K; oval- 

bumin, 42K; carbonic anhydrase, 30K. b, 
Comparison of the electrophoretic 68- 
mobilities of talin and P235, Proteins were 
electrophoresed in a 10% SDS-polyacry- 
lamide gel and stained with Coomassie 
blue. Lane 1, myosin; lane 2, P235; lane 
3, talin; lane 4, bovine brain spectrin 
(fodrin). These light loadings increase res- 
olution, making it possible to compare the 
mobilities of different proteins more 
accurately. Note that talin (lane 3) 
migrates slightly ahead of P235 (lane 2), 30= 
and that both talin and P235 fall between 

myosin (200K) and the brain spectrin 

doublet (235K and 240K). 


200- 


42= 





Methods. SDS-polyacrylamide gel elec- b 

trophoresis was performed according to tra 
the procedure of Laemmli”’; 10% gels "N pap} 
contained 0.13% bis-acrylamide. Out- one Ss 
dated human platelet-enriched plasma 1234 


was used within 1 week of expiration. The 

platelets were washed extensively according to the method of 
Collier and Wang, mixed with sample buffer and boiled immedi- 
ately before electrophoresis. To purify P235, washed platelets were 
extracted with Triton X-100 as described previously“. The material 
in the supernatant after extraction was enriched in P235 and was 
used for the subsequent purification of P235 by sequential column 
chromatography steps on DEAE-cellulose, Sepharose C1-6B and 
phosphocellulose’. Talin was purified from chicken gizzard smooth 
muscle as described elsewhere” except that chromatography on 
phosphocellulose was omitted and the final column was hydroxy- 
lapatite eluted with a linear gradient of K-phosphate (100- 
400 mM), pH 7.2. Myosin was from the protein M, marker kit of 
Bio-Rad. Bovine brain spectrin was purified by a combination of 
previously published techniques*'?. 


One of the most striking observations concerning platelet P235 
is its susceptibility to proteolytic cleavage by the calcium-depen- 


dent protease during platelet activation. To determine whether 


smooth muscle talin is also a substrate for this protease, purified 
platelet P235 and talin were incubated with purified calcium- 
dependent protease in the presence of calcium (Fig. 4a). As 
demonstrated previously’, the calcium-dependent protease 
cleaves platelet P235 to fragments of ~46K and 200K ( Fig. 4a, 
lane 5). Talin also gives rise to a low M, fragment of ~46K 
and a single high M, fragment of 190K (Fig. 4a, lane 4). The 
difference in M,s between the larger fragments appears to reflect 
the difference in size between the intact proteins. Once these 
two fragments have been generated by the protease, both talin 
and P235 are refractory to further calcium-dependent proteolysis 
under the native conditions used here. The addition of leupeptin, 
a specific inhibitor of the calcium-dependent protease, to the 
reaction mixture blocks the calcium-dependent cleavage of P235 
and talin by the protease (Fig. 4a, lanes 6, 7). 

We have also compared the one-dimensional partial peptide 
maps of P235 and talin using other proteases. With staphylococ- 
cal V8 protease (Fig. 4b), both proteins again show an analogous 
pattern of cleavage to the first proteolytic cut, generating similar- 
sized fragments of 40K-42K. Note that for both calcium- 
dependent protease and V8, the major lower M, fragment gener- 
ated from talin appears to have a slightly higher M, than that 
generated from P235. After prolonged proteolytic digestion with 
V8 protease, some differences in the pattern of polypeptides 
generated are seen between the two proteins. Differences are 
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Fig. 2 Immunological cross- a b 
reactivity of P235 and talin. 
a, A 10% SDS-polyacry- . 
lamide gel of M, markers as 
in Fig. la (lane 1), the P235- 
enriched Triton X-100 
supernatant from platelets 
(lane 2), purified P235 (Jane 
3) and purified talin (lane 
4). b, Immunoblot analysis 
showing an autoradiograph 
of an equivalent gel slice 
with a greatly reduced load- 
ing of talin. This reduction 
was necessary because the 
Original antigen was avian 
and the antibody is only 
weakly cross-reactive with 
mammalian material (our 
unpublished observations), 
but this uneven loading for 
the immunoblot resulted in 
an apparent shift in the rela- 
tive positions of the bands 
corresponding to P235 and 
talin in the autoradiograph. 
Anti-talin antibody specifically binds a protein that co-migrates with 
P235 in the Triton X-100 extract (lane 2) as well as purified P235 (lane 
3) and purified talin (lane 4). The 200K proteolytic fragment of P235 
is also visible in lane 2. Affinity purified anti-talin antibody and another 
antibody raised against an 190K proteolytic fragment of chicken gizzard 
talin yield the same result (data not shown). Non-immune rabbit serum 
does not recognize these proteins (data not shown). 

Methods. Western blot analysis was carried out by a slight modification 
of the method of Towbin et al.**. After 60 min incubation in BSA buffer 
containing 0.05% Tween 20 (ref. 24) and 0.2% gelatin, the nitrocellulose 
strip was incubated for 90 min with a rabbit polyclonal antibody diluted 
1:2 K. The anti-talin antibody was determined to be monospecific by 
immunoblot and immunoprecipitation experiments (M.C.B., unpub- 
lished results). After washing for 30 min, the nitrocellulose strip was 
incubated for 60 min with ~10°¢.p.m. ml“! of affinity-purified goat 
anti-rabbit IgG radioiodinated by the chloramine-T method*’, washed, 
dried and exposed to X-ray film for autoradiography. All manipulations 
were carried out at room temperature. 
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Fig.3 Platelet P235 binds vinculin. a, Photograph of a Coomassie 
blue-stained SDS-polyacrylamide gel. Lane 1, P235-enriched 
supernatant obtained after extraction of whole platelets with Triton 
X-100; lane 2, partially purified human platelet P235; lane 3, 
purified chicken gizzard talin. b, Autoradiograph of an equivalent 
gel transferred to a nitrocellulose strip and incubated for 90 min 
with 2 x 10* c.p.m. ml~! '**I-vinculin®’. The major vinculin-binding 
protein in the platelet extract (lane 1) is P235. DEAE-cellulose- 
purified P235 (lane 2) and talin (lane 3) also bind the labelled 
vinculin. 


Fig.4 Comparison of the one-dimensional partial proteolytic maps of talin 
and P235. a, Proteolysis by the calcium-dependent protease. Under the 
conditions described below, the calcium-dependent protease recognizes 
single sites on both talin and P235 to generate a pair of similar-sized 
proteolytic fragments for each protein. A 10% SDS-polyacrylamide gel 
illustrating a typical experiment is shown, Lane 1; M, marker proteins as 
described in Fig. 1; lanes 2, 3, talin (lane 2) and P235 (lane 3) before 
proteolysis; lanes 4, 5, proteolytic fragments that result from talin (lane 4) 
and P235 (lane 5) after incubation for 5 min at 23°C with the calcium- 
dependent protease; lanes 6, 7, talin and P235, respectively, after 30 min at 
23°C in the presence of the calcium-dependent protease plus leupeptin, a 
specific inhibitor of the protease. The generation of the proteolytic products 
is completely inhibited by leupeptin even during an extensive incubation 
period. The protease itself is not visible in the gel at this dilution. b, Digestion 
of talin and P235 with staphylococcal V8 protease. Lane 1, protein standards 
as in Fig. 1; lanes 2, 3, talin (lane 2) and P235 (lane 3) at 0 min incubation 
with the protease; lanes 4, 5, talin (lane 4) and P235 (lane 5) after 10 min 
digestion with V8 protease. Most of the talin and P235 has been cleaved to 
fragments of 190K and 200K, respectively; also, each has given rise to a 
low M, fragment in the range of 40K-42K. By 40 min (lanes 6 and 7) all 
the talin (lane 6) and P235 (lane 7) has been cleaved to the 190K and 200K 
products. The lower M, fragment appears to be reduced relative to the 
10-min time point. In some very heavily loaded gels at least four distinct 
fragments of <40K can be resolved after 30 min incubation with V8 under 
the conditions described below; at least two of these fragments are shared 
by both talin and P235 (data not shown). 

Methods. a, Purified talin and P235 (10.5 pg each) were incubated with the 
purified calcium-dependent protease at a weight ratio of 1:50 (enzyme: 
substrate). Proteolysis using the calcium-dependent protease (type II) 
purified from bovine heart” was carried out at 23°C in a total reaction 
volume of 70 pl containing 35 mM Tris-HCl, pH 7.5, 1 mM dithiothreitol 
and excess (7 mM) CaCl,. The reactions were quenched at various time 
intervals by the addition of Laemmli sample buffer*’ and immediate boiling 
for 3 min. Addition of leupeptin (1.4mg ml-') completely abolished the 
protease activity. b, Purified talin and P235 (16.8 wg each) were incubated 
at 23°C with staphylococcal V8 protease at a concentration of 1: 100 
(enzyme: substrate) in a total volume of 35 pl. The reaction mixture con- 
tained 50 mM Tris-HCl, pH 8.0, 3mM EDTA and 0.1 mM dithiothreitol. 
The proteolysis was stopped at various time points by boiling for 3 min in 

Laemmli sample buffer. 
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also seen when the proteins are digested with other enzymes 
such as trypsin?” indicating that although the two proteins are 
related and have similar domains, they are not identical. 
sre we demonstrate that P235 and talin are immunologically 
i. In addition, we show that P235, like talin, binds vinculin, 
at both proteins are substrates for the calcium-dependent 
ase. Previous work has revealed that P235 and talin exhibit 
ar purification characteristics and biophysical properties. 
together, these observations lead us to conclude that P235 
he human platelet form of talin. _ 5 
‘he identification of P235 as talin brings together two seem- 
ngly disparate areas: first, there is a major platelet protein 
implicated in platelet function; and second, there is a protein 
localized at sites of actin attachment to the plasma membrane. 
Platelet P235 seems to be important in some aspects of platelet 
activation because its rapid and specific proteolytic cleavage 
correlates with the massive morphological and functional trans- 
formation of platelets in response to stimulants such as throm- 
_ bin’*°. The specific role of P235 in platelets is obscure at present 
because platelet activation is complex and involves several dis- 
-tinct events including an alteration in actin filament content, 
. reorganization of the cytoskeleton, secretion, increased adhes- 
iveness and, finally, aggregation and retraction’. It has been 
estimated that P235 represents between 3 and 8% of total platelet 
protein’, which is considerably higher than the level of talin in 
_ fibroblasts. The fact that adhesion and actin-based contractility 
„are specialized functions of platelets may account for the very 
<- high levels of talin/ P235 in these cells. Alternatively, the abun- 
: dance of talin/ P235 in platelets may indicate other functions of 
this protein that we had not anticipated from our studies with 
‘smooth muscle and fibroblasts. 
In fibroblasts, both talin and vinculin are found at sites of 
tight adhesion to the substrate where actin: filaments attach to 
_ the plasma membrane. However, despite their provocative loca- 
_ lion, the role of these proteins in actin-membrane interaction 
has not been established. Initially, evidence was presented for 
_ an interaction of vinculin with actin", but subsequent work 
has shown this to be caused by a contaminant in vinculin 
" preparations'*'°, P235, on the other hand, has been reported to 
-interact with actin in low-shear viscometric assays’. It will be 
interesting to re-investigate the possibility that smooth muscle 
-talin interacts with actin in light of the demonstration that the 
. two proteins are related by many other criteria. 
` The significance of the proteolysis of P235 to a 200K fragment 
that accompanies platelet activation is not clear, but it is intrigu- 
ing that talin from other sources also exhibits a similar pattern 
_of proteolytic cleavage. We have purified the major proteolytic 
fragment of talin from smooth muscle and are now comparing 
_ the properties of the intact protein with those of the proteolytic 
‘fragment. These investigations should provide greater under- 
“Standing of the function of talin/P235 in both platelets and 
other cells and may reveal the physiological significance of its 
cleavage during platelet activation, — | 7 
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Sequence-induced DNA curvature at the 
bacteriophage A origin of replication 
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DNA replication in bacteriophage A begins at a unique origin 
between residues 39,006 and 39,200 of the A genome’. This segment 
of DNA serves a dual function since it also lies within the coding” 
sequence of the A replication initiator protein O which binds origin 
DNA**, The A origin sequence contains four 19-base-pair (bp) 
segments (iterons) which have dyad symmetry, followed by a 40-bp 
A+ T-rich zone of highly asymmetrical base composition”. It wa 
noted earlier* that A origin DNA exhibits an anomalous. elec- 
trophoretic mobility on gels; that is, the length of DNA as deter- 
mined by DNA sequencing is ~20% less than is predicted from 
electrophoretic mobility. Recent studies of kinetoplast minicircle 
DNA (K-DNA) from the protozoan Leishmania tarentolae have 
led to the proposal that sequence-induced DNA curvature could 
account for such electrophoretic anomalies by alteration of the 
shape of the DNA molecule". We now present evidence that the 
A origin contains a static curve. iB 
The A origin sequence is aligned with K-DNA in Fig. 1, | 
revealing striking correspondence of periodically repeated dA 
tracts (underlined areas). In K-DNA the centres of the A tracts _ 
are separated by an average of 10 bp, that is, approximately one. p 
turn of the helix. In the A sequence the centres of the A tracts k 
show a period of 11 bp within the iteron region, again about 
one helix turn, but this periodicity degenerates to the right of 
the iterons in the A+T-rich zone. The best correspondence 
between K-DNA and 2 is in the left half of the origin (iterons. 
IV, HI and If). Levene and Crothers, building on ideas o 
Trifonov and Sussman’, have proposed ‘wedge’ and ‘junctional 
models of static curvature and applied them successfully t 
K-DNA. Periodic repetition of runs of A is the main featur 
leading to static curvature in both these models. An alternative 





curvature!®, | 


A hallmark of curved DNA is the anomalously slow elec- 
trophoretic mobility of restriction fragments which is more pro 
nounced when the curvature is near the middle of the fragment. 
To test the A origin for this property, we used the circular. 
permutation test of Wu and Crothers’. We cloned tandem dimers.. 
of the ori fragment and cleaved them with a variety of enzymes.. 
which cut only once within that sequence, to produce a family 
of circularly permuted molecules of 1,068 bp and identical base 
composition (Fig. 2a). These molecules differ in respect to the 
position of the origin relative to the end of the fragment. Our 
measurements of the electrophoretic mobility of these fragment 
are presented in Fig. 2. As plotted in Fig. 2c, the relative size o! 
the fragment reaches a minimum when the EcoRI site is near 
the middle. This site is closest to the A origin. sA 

To define the region responsible for anomalous mobility more 
specifically, we cloned a tandem dimer of a shorter fragment ¢ 
174 bp containing the A origin, so that restriction enzymes whic 
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Fig. 1 Sequence comparison of A iterons and bent DNA from kinetoplast of Leishmania tarentolae. The region of kinetoplast DNA shown 

to be responsible for sequence-dependent curvature’ is aligned with A origin DNA (residues 39,030-39,153)*. Since K-DNA is shorter than 

the A origin, it is repeated above and below. The A iterons I to IV, which are known to be the binding sites of A O protein (ref. 3 and K.Z. 

and F.R.B., manuscript in preparation), are shown as lines above the sequence. Runs of dA are indicated by underlining. +Symbols alternately 

spaced 10 and 11 bp apart indicate the 10.5-bp average pitch of DNA in solution. r93, r99 and 196 are deletions of the A origin sequences. 
The A+T-rich zone of the A origin is delineated on the right. 
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Fig. 2 Permutation analysis of a 1,068-bp fragment containing 
the A origin. a, A blunt HincII fragment isolated from A DNA 
was cloned with BamHI linkers as a tandem dimer into the BamHI 
site of the vector pBR322 (ref. 16). The restriction sites which occur 
once in each unit of the dimer are indicated and their positions 
within the fragment are noted above the site. The origin is shown 
as an open rectangle denoted ORI on the map. Each permuted 
fragment is shown as a line under the map bounded by its recogni- 
tion sites and the fragment is numbered on the left and named by 
the enzyme used to generate it on the right. b, Electrophoresis of 
the permuted fragments in a 7.5% polyacrylamide Tris-borate gel 
containing 25% glycerol. Plasmid DNA was digested with the 
enzymes BamHI, Ahalll, EcoRI, EcoRV, Sphl and Haelll. Lanes 
are indicated according to the numbers in a, White arrows indicate 
the permuted fragments derived from each restriction digest which 
correspond to the numbered fragments in a. Lanes m are markers 
(Haelll plus BstNI digest of pBR322) used to size the fragments. 
c, Relative sizes of the permuted fragments in b are plotted against 
the positions of the restriction site (permutation) in one unit of 
the tandem dimer. Relative size is determined as the apparent size 
of the fragment divided by its actual size. The position of the origin 
in the permuted fragment is denoted by ORI. The dotted line 
describes the mobility of a sequenced BstNI marker band of 
1,068 bp from pBR322 which migrates normally. 


cut closer to the putative curve could be investigated (Fig. 3a). 
The result is plotted in Fig. 3c. The minimum point in this case 
is the SfaN site, which resides within iteron IV, suggesting that 
this is the region of maximum curvature. It is also the region 
of closest similarity to K-DNA. 

Several deletion mutants of A are available which might be 
used to define more precisely which portion of the A origin 
contains the curve. The r99 and r96 mutations are deletions of 
12 and 15 bp, respectively, which remove portions of the A+ 
T-rich zone at the right end of the origin. The r93 mutation is 
a 24-bp deletion in the iteron region (see Fig. 1). Each of these 
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Fig. 3 Permutation analysis of the 178-bp subfragment containing 
the A origin. a, A 174-bp FnuHI/ EcoRI fragment containing the 
A origin was filled-in with DNA polymerase I (Klenow fragment) 
and EcoRI linkers were ligated to it for cloning as a tandem dimer 
into the EcoRI site of the vector pUC18 (ref. 17). See Fig. 1 for 
details. The iterons are shown as open rectangles denoted IV, III, 
Il, I, according to their position in the A sequence. ‘A+T rich’ 
indicates the position of the A+T stretch in the origin. b, Elec- 
trophoresis of permuted fragments in a 7.5% polyacrylamide, 
Tris-borate gel containing 25% glycerol. Plasmid DNA was 
digested with the enzymes EcoRI, Avalll, Ddel and SfaN. ¢, 
Relative sizes of the permuted fragments in b are plotted against 
the position of the restriction site (permutation) in one unit of the 
tandem dimer. The dotted line describes the mobility of a sequen- 
ced marker band of 178 bp which migrates normally. 


mutations was cloned into a plasmid''. Electrophoresis of 
Bgll1/ EcoRI fragments from the mutants is presented in Fig. 4. 
The degree of anomalous mobility is expressed as the ratio of 
true size to apparent size (relative size). On this scale the full 
curving effect corresponds to a factor of 1.17 with normal 
uncurved DNA as 1.00. The A+T-rich zone mutants r99 and 
r96 had no effect on anomalous migration; their ratios were 
1.18. Thus, the anomaly is not due to runs of A residues per se; 
their periodic spacing seems important. 

On the other hand, the relative size anomaly observed for the 
Bglll/ EcoRI fragment from r93 is 1.13, indicating that about 
one-quarter of the anomaly disappears whereas three-quarters 
is retained. This makes sense since Ori 193 has three-quarters 
of the normal iteron number. It would be interesting to examine 
whether more extensive deletions of the origin would have 
proportionate effects. 

The magnitude of the relative size anomaly shown by A origin 
DNA is small compared with that of K-DNA measured in a 
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Deletion size size mobility 
r93(-24) 330 375 1.13 
r99(-12) 342 405 1.18 
r96(-15) 339 400 1.18 
Ori’ 354 417 1.17 


Fig. 4 Mobility analysis of restriction fragments containing dele- 
tions within the origin. a, The Bglll/ EcoRI fragments from the 
plasmids pKdT3 (Ori*), pKdT93 (Ori~ r93), pKdT99 (Ori> r99), 
and pKdT96 (Ori r96) were studied'', The map indicates the 
positions of each of the r mutant deletions within the wild-type 
fragment. The iterons (open rectangles), A+ T-rich zone (hatched 
rectangle) and a few relevant restriction sites are shown. b, Elec- 
trophoresis of Bg/I1/ EcoRI digests of the r mutant plasmid DNAs. 
Digests were electrophoresed on 7.5% acrylamide, Tris-borate gels 
containing 25% glycerol. c, Characterization of the Bglll/ EcoRI 
fragments of the Ori” mutants. The size of the deletion (in base 
pairs) is noted in parentheses next to each mutant. True size from 
DNA sequencing experiments’! is listed alongside as well as the 
apparent size from measurement of the gel in b. 


similar gel system. Greater than twofold differences between 
apparent and real size can occur in the case of K-DNA”", This 
difference may be caused by differences in the size of the curve 
dictated by sequence differences. The longer helical repeat 
(11 bp) in the iteron region may also contribute to the smaller 
mobility effects seen with A origin DNA. 

Computer analysis of helic trajectories using the computer 
model of Levene and Crothers'” and assuming a 5° tilt for each 
A dinucleotide, predicts a bend of about 35° for Ori and 87° for 
K-DNA. These predictions are based on an unconfirmed model, 
but they are at least consistent with the idea that the magnitudes 
of the mobility effects may depend on the size of the curve. 

Gough and Lilley‘? recently demonstrated that mobility effects 
of the type described here can be generated by pseudo-cruciform 
junctions in DNA rather than by curving of double-stranded 
DNA. Although cloverleaf structures have been described as a 
possible conformation for the A iterons'*, no single-stranded 
character has been detected in this region by analysis with 
single-strand-specific S, nuclease digestion (data not shown) or 
DNase I (ref. 3). In light of this and the extraordinary similarity 
with K-DNA, we conclude that A origin DNA in solution is 
bi-helical and, like K-DNA, stably curved. 

We find it remarkable that the A origin sequence embodies 
three distinct functions in the same piece of DNA: (1) the O 
protein-coding region; (2) the sites to which O protein binds; 
and (3) a site of DNA curvature. 

The dA stretches at the centre of iteron symmetry probably 
generate wedges leading to curvature, whereas the G + C-rich 
portions in between, which are highly conserved amongst A 
iterons, are probably involved in contacts with the O protein 
(K.Z., S. H. Wickner and F.R.B., manuscript in preparation). 
The regions between dA tracts show no sequence pattern in 
K-DNA’. 

Our finding represents the first example of a site-specific DNA 
binding protein whose binding site is within statically curved 
DNA. Cyclic AMP receptor protein is reported to induce bend- 
ing in the /ac control region on binding to it’ and this also could 
be a feature of the O” ori interaction. Echols et al.* have reported 
a considerable shortening of DNA fragments containing the A 
origin on binding to O protein. They suggest the ori DNA folds 
within the protein complex. Curving of A origin DNA may be 





critical to its ability to wrap or fold in binding O, and thus be 
directly related to initiation of DNA replication. 

We thank D. Moore who noticed the sequence similarity 
between K-DNA and the A origin and J. Schroeder for program- 
ming the Levene model on our IBM personal computer. We 
thank D. L. Daniels for help with the manuscript, A. Hopfen- 
sperger for art work and N. Peterson for secretarial assistance. 
This is paper 2794 from the Laboratory of Genetics, University 
of Wisconsin, and is supported by NIH grants GM 21812 to 
F.R.B. and NIH GM 07133 to the Department of Genetics. 
Note added in proof: Trifinov recently estimated the A-A wedge 
angle as 8.6° based on ring closure experiments with a defined 
synthetic oligonucleotide substrate’*. With this assumption the 
computer predicts a 90° angle for the A ori. 
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Flies and moths are approximately as distant phylogenetically as 
are mammals and birds. In terms of morphology, physiology and 
biochemistry, the complex proteinaceous eggshell or chorion 
differs substantially in these two insect groups, which are typified 
by Drosophila melanogaster and Bombyx mori. The major chorion 
proteins of moths are encoded by two families of genes, A and B, 
which have no obvious homologues in flies'. Unlike Drosophila, 
where chorion genes are oriented in tandem, moths show mostly 
chorion gene pairs (A plus B) that are divergently transcribed and 
coordinately expressed. The 5’ ends of the paired genes are separ- 
ated by a DNA segment of only 300+ 50 base pairs, which may 
well include at least some of the cis-regulatory elements necessary 
for gene expression. Despite these differences, we have tested 
whether moth chorion genes might be expressed in flies. Cloned 
DNA fragments bearing moth chorion genes were introduced into 
the Drosophila germ line by P-element-mediated transforma- 
tion™. Analysis of RNAs from transformed lines revealed that 


the genes are expressed with correct sex, tissue and temporal — 


specificity, resulting in the accumulation of abundant moth chorion 
transcripts in late fly follicles. 

Two cloned genomic fragments (3.1 and 3.8 kilobases (kb)) 
from the chorion locus of B. mori were selected for in vivo 
studies of regulatory elements. Each fragment contains a single 
A/B gene pair and immediately flanking sequences. The 3.1-kb 
fragment has been fully sequenced (N. Spoerel, personal com- 














































































ig. 1 Structure of transformation vectors containing 
B. mori chorion genes. Open boxes, P-element sequen- 
ces containing the terminal inverted repeats (black 
triangles). Striped box, ry” sequences encompassing 
the XDH structural gene. Thin line, B. mori genomic 
sequences. The exons of the divergently transcribed 
_ chorion genes are indicated by filled boxes, wide for 
~ coding sequences and narrow for untranslated regions, 
_ connecting lines represent the single intron of each 
` gene. Arrows accompanying the A or B gene designa- 
tion indicate the direction of transcription. Other 
` arrows indicate the orientation and size of SP6-gener- 
ated cRNA probes’* used for Northern and $, protec- 
_ tion analyses. Restriction endonuclease sites pertinent 
= to this study are indicated. Ac, Acc]; Bl, Bgll, B2, 
Bgill; H3, Hind 1, Kp, Kpal, RI, Ece RI; Xm, Xmnal. 
Methods. Plasmid pB23 contains a completely sequen- 
ced 3.1-kb B. mori EcoRI genomic fragment, encom- 
passing the A/B chorion gene pair known as + 
 A.L12/B.L12 and immediate flanking sequences (N. 
_ Spoerel, personal communication), The fragment was 
` inserted into the EcoRI site of the polylinker of the 
pCar20 Drosophila transformation vector*. Plasmid 
: pB24 contains a 3.8-kb Bgill fragment inserted into 

the unique Hpal site of the same vector. This fragment 
contains the highly homologous’ (but not identical) 
A.L9/B.L9 chorion gene pair. The vector segments 
` integrated into Drosophila chromosomes to generate 


munication). These fragments were inserted individually, in 
opposite orientations, in the transformation vector Carnegie-20 
_ (Fig. 1). The vector bears the essential terminal portions of the 
transposable P-element, flanking a polylinker that provides con- 
venient cloning sites and the ry” structural gene for xanthine 
_ dehydrogenase, which provides a visible marker for transform- 
ation’. 
-> The constructs were injected into en;ry Drosophila embryos, 
and rv* transformant lines were selected. Southern blot analyses 
of genomic DNA confirmed that these lines also carried the 
moth genes, as expected. Six independent lines (series B23) 
were recovered from the 3.1-kb construct and four independent 
lines (series B24) from the 3.8-kb construct. Independence of 
the lines was confirmed by detecting in Southern blots variable 
‘line-specific junction fragments, spanning part of the insert and 
‘the chromosomal insertion site. Figure 2 shows typical results 
of RNA blot analyses from three such lines, representing both 
gene pairs and orientations. As assayed with the single-stranded 
probes indicated in Fig. 1, the A- and B-specific transcripts are 
-absent from the parental strain and from transformed males or 
yvariectomized females, but are prominent in total ovarian 
‘NAs from all transformed fly lines. Clearly, the transduced 
enes are transcribed with correct sex and organ specificity. 
These specific transcripts are polyadenylated, very abundant 
ind comparable in size to the authentic moth chorion RNAs 
ithough the A-specific transcripts exhibit size heterogeneity, 
e reason for which is discussed below). | | 
Specific transcripts are present in all 10 transformed lines, 
ind are more abundant in the B23 series. Position effects on 
xpression are relatively minor (Fig. 2): independent lines bear- 
1g the same construct show only a threefold variation in tran- 
ript abundance, except for a homozygous lethal transformant 
ich the transcript abundance is 15% of the maximum. 
e endogenous fly chorion genes, the moth genes are 
| inthe ovaries of transformants, as they are not in 
elves (data not shown). In the most abundantly 
the transcripts reach a steady-state level corre- 
‘of the Drosophila s15-1 (Al) chorion 
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lines of the B23 or B24 series are presented above, Drosophila transformation was carried out essentially as described”. Embryos of the en; ry” strain were 
injected with a DNA mixture of 0.5 mg ml”! vector and 0.25 mg ml”' helper plasmid p725.7WC (G. Rubin, personal communication), Resulting Fo adults were 
mated with the parental strain. and. individual ry” transformants in the F, progeny were used to establish lines. The transformation efficiency was 1-5% of the 
injected embryos. Genomic DNA isolated from adult flies was restricted with appropriate enzymes for Southern analysis” using ry” -specific and/or chorion-specific 
probes. Lines containing single inserts and unique line-specific junction fragments were selected. 


transcription, RNAs from staged follicles were analysed. Figure 

3 shows that the moth chorion transcripts are expressed mostly 
in the late period of choriogenesis. Furthermore, the transcripts 
are also absent from newly laid eggs (results not shown), indicat- 
ing by subtraction that, like mRNAs of endogenous chorion 
genes, they are produced in the follicular epithelial cells which. 
are shed at ovulation. Thus, the transcripts show marked tissue . 
and temporal specificity, as well as organ and sex restriction. 
The paired A and B genes are transcribed completely in parallel, 
in agreement with their coordinate expression in moths. 

Because choriogenesis is so different in moths and flies, it is 
not possible to equate specific choriogenic stages in the two 
groups. However, it is intriguing that the moth genes show a 
bimodal profile of activation. Transcripts are present at a rela- 
tively low level in the early stages of oogenesis, then decline — 
substantially in abundance and finally reappear at high levels E 
towards the end of choriogenesis. This behaviour is reminiscent: 
of and closely follows the transcriptional profile of the ‘late’. iy 
Drosophila s15-1 chorion gene, which produces a transient, 
non-polysome-associated transcript before choriogenesis”’. The 
ratio of premature to late-stage transcripts is even higher for 
the moth genes than for s15-1, but this difference can be ac- _ 
counted for by the late amplification of s15-] and the absence 
of moth gene amplification. Sig 

To characterize the moth chorion transcripts more fully, their _ 
5' ends and splicing patterns were examined by S; nuclease ~ 
protection analysis, using uniformly labelled complementary — 
RNA probes (Fig. 4). Like all other chorion genes studied to — 
date, the sequenced A and B genes of the B23 series construct 
each have two exons, of which the minor one is at the 5’ end. 
(N. Spoerel, personal communication; see also Fig. 1). RNA- 
from transformed flies or: moth ovaries protects two B cRN/ 
fragments, corresponding both to the sizes expected from the `: 
sequence and to major bands observed in parallel experiments- 
with authentic moth ovarian RNA. Thus, the moth chorion B- 
gene mRNA appears to be properly initiated and spliced in the © 
Drosophila follicular cells. Similar analysis of the A gene tran- ` 
scripts indicates that they also are properly initiated and spliced, . 
but that multiple polyadenylation sites are used in Drosophila, 
one being the same as that used by Bombyx and the rest occurring“ 
within 120 bp downstream of this site (data not shown). This: 
results in the size heterogeneity evident in Northern analyses 
(Figs 2, 3). ia A ee 
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Fig. 2 Sex and organ specificity of silkmoth chorion gene transcripts. Total 
RNA preparations were glyoxylated'*, fractionated by electrophoresis, 
blotted onto nylon membrane filters and hybridized with A gene-specific 
(a) or B gene-specific (b) probes (A’ and B'1 in Fig. 1). B. mori, 0.1 pg total 
ovarian RNA (under the conditions of hybridization, transcripts from most 
members of a chorion gene family are detected). cn ; ry, Parental strain 
Drosophila, B23-343, transformant line representing the B23 series, B24-012 
and B24-016, transformant lines representing the B24 series. Each lane 
contained 10 ug total RNA isolated from males (¢), from females from 
which the ovaries had been removed by dissection (2-ov.) or from ovaries 
(ov.). (A)*, 5 ug oligo(dT)-selected mRNA isolated from male or female 
transformed Drosophila, Note the prominent female- and ovary-specific 
transcripts, which are absent from the parental line. The migration and size 
(in kilobases) of glyoxylated DNA markers are indicated on the left. 

Methods. RNA was isolated using a modification of the urea/SDS method. 
Briefly, tissues were homogenized in a 1:1 mixture of phenol and 8M urea, 
1% SDS, 0.3M LiCl, 0.1 M Tris-HCl pH 8.1, 10mM EDTA and 0.1M 
8-mercaptoethanol, two volumes of chloroform was added, and the resulting 
aqueous phase was extracted twice with phenol/chloroform/isoamy! alcohol 
(20:20:1) and twice with chloroform. Following ethanol precipitation in 
the presence of 2 M ammonium acetate, the nucleic acids were dissolved in 
H20 and RNA was precipitated by 2.5 M LiC] in the presence of 4 M urea 
at —20 °C for 8-18 h. Glyoxylated RNAs were fractionated on 1.8% agarose 
gels and stained by immersion in 50mM NaOH, 0.5 ug ml~! ethidium 
bromide, followed by neutralization in 0.1 M Tris-HCI, pH 7.0, 10 x SSC, 
0.5 ug ml”! ethidium bromide, in order to verify the uniformity of RNA 
amounts loaded in each lane. Gels were blotted on Genescreen (NEN) with 
10 x SSC and the RNA was crosslinked to the filter by ultraviolet irradiation. 
SP6-derived cRNA probes specific for A or B genes were prepared'> and 
reduced in average size to 200 bases before use, by controlled alkaline 
hydrolysis'®. Filters were hybridized with 1-3 x 10° c.p.m. ml~' of probe in 
0.1M NaHPO,, 0.05M Na,P,0;, 10mM EDTA, 7% SDS, 0.5 mg mi"! 
sheared herring sperm DNA, at 78°C for 36h, washed'’ and exposed to 
Kodak XAR-5 film using Cronex Intensifier Screens (DuPont). A faint 
B-cross-hybridizing endogenous transcript of ~1.6kb was sometimes seen 
in non-ovarian tissues of non-transformed Drosophila: this cross-hybridiz- 
ation is due to the relatively low stringency of cRNA probes at 78 °C, is 
greatly reduced if hybridization is carried out at 83 °C, and is not detectable 
by nick-translated DNA probes at 68 °C. Very minor amounts of high-relative 
molecular mass, nonspecific transcripts of the moth genes were also seen in 
some long autoradiographic exposures of both male and female RNA; 
according to S, analyses these are readthrough transcripts from external 

promoters (data not shown), 


Fig. 3 Temporal specificity of silkmoth chorion gene expression. a, A 
gene-specific probe (A’ in Fig. 1). b, B gene-specific probe (B'1 in Fig. 1). 
c, Probes specific for Drosophila chorion gene s15-1 or s18-1 (refs 6, 7). 
Note that the moth A and B genes are coordinately expressed, with a bimodal 
temporal pattern resembling that of the endogenous s/5-/ chorion gene. 
Follicles representing the various stages (1-14) of Drosophila oogenesis” 
were isolated from ovaries of female B23-343 or B24-012 transformant flies. 
Stage-specific RNAs were prepared and analysed as described in Fig. 2 
legend. B. mori, 0.05 ug total ovarian B. mori RNA. cn ; ry, 15 ug total 
ovarian RNA from parental strain Drosophila, Lanes labelled 1-8 to 14 
contained 15 ug total nucleic acid isolated from follicles at the corresponding 
stages of development. 


Although the time since the last common ancestor of flies and 
moths is not known accurately, 240 million years is probably a 
minimum estimate. This time of separation is comparable to 
that between birds and mammals. Unambiguous Diptera existed 
in the Lower Jurassic (some 180 million years ago) and what 
are thought to be ancient dipterous forms are known from the 
Permian (240 million years ago)". The Lepidoptera are rather 
recently evolved insects, with their earliest forms known from 
the Lower Cretaceous (130 million years ago), but they are 
closely related to the much more ancient Trichoptera (caddis 
flies). Both ‘Lepidoptera and Trichoptera apparently evolved 
from one branch of primitive scorpion flies, while the Diptera 
and their relatives evolved from another branch™!®. These two 
branches must have separated before the Upper Permian (240 
million years ago), since by that time unambiguously recogniz- 
able Trichoptera as well as ancient dipterous forms were already 
extant®'°, 

Although some regulatory elements involved in the physio- 
logical heat-shock response are recognizable between flies and 
mammals'', and expression of the chicken transferrin gene is 
enhanced moderately in the liver of transgenic mice'?, to our 
knowledge this is the first report of such prolonged evolutionary 
conservation of elements that confer clearcut developmental 


regulation (sex, tissue and temporal specificity of gene 


expression). Both trans- and cis-acting regulatory elements 
responsible for developmentally specific chorion gene 
expression must have been conserved: for expression in our 





tra 


L PEE a Be Ma p- P iP 


i eA A o MAES ht sd 
NATURE VOL 31730 





= 
587 z 
540: $ |- B. 
5047 
458- 
434 
4 267 - = 
234 - = 
E. 243- © 
$ 192 - 
y 184 7 g 
5 
f 124 - © 
A 
E 





sa ca a 


Fig. 4 S, nuclease protection analysis of silkmoth chorion gene transcripts. 
The analysis used single-stranded cRNA probes (B'2 in Fig. 1), uniformly 
labelled with [a- P P]GTP”. Hybridizations were carried out at 50°C in 
80% HCONH;, 0.4 M NaCl, 40 mM PIPES, pH 6.8, 10 mM EDTA for 18 h. 
Unhybridized RNA was subsequently digested with 2,000 units of S, 
nuclease'” at 37°C for Ih. Protected fragments were glyoxylated and elec- 
trophoresed in a 5% polyacrylamide gel in 10 mM sodium phosphate buffer, 
pH 6.8. M, an end-labelled and glyoxylated Haelll digest of pBR322 DNA, 
providing size markers of indicated lengths (in nucleotides). Transf., frag- 
ments protected by 10 pg ovarian RNA from transformant Drosophila line 
823-343; Parent., absence of protection by 10 yg ovarian RNA from the 
parental strain. B. mori, fragments protected by 1 pg silkmoth ovarian RNA. 
Protected fragments corresponding to the small and large exon are indicated 
by © and @, respectively. Other bands in the B. mori lane are due to partial 
protection by homologous but not identical transcripts of other members of 
ti the B gene family, as well as to secondary structure of the probe. 


= transformants, trans regulators of fly origin must have interacted 
with moth cis regulators contained within the transduced DNA 
fragments. Indeed, the necessity of interaction between cis and 
= trans elements if either one is to function may account for their 
remarkable evolutionary conservation. Further experiments, 
including surrogate genetics, should help to identify these regu- 
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In photosynthetic eukaryotes most chloroplast proteins are 
encoded by nuclear DNA‘. These proteins are synthesized as 
precursor proteins that are post-translationally taken up by chloro- 
plasts and directed towards their functional compartment” *. One 
of these proteins, plastocyanin, is a photosynthetic electron carrier 
that is functional in the thylakoid lumen* and therefore probably 
has to cross three membranes to arrive at its final location’. We 
have isolated a plastocyanin-specific complementary DNA clone 
from a Silene pratensis (white campion) cDNA library using a 
mixed oligonucleotide hybridization probe and hybrid-released 
translation. The isolated clone contained the nucleotide sequence 
for the mature protein and the complete transit peptide, which 
consists of a hydrophobic, 66-residue-long stretch of amino acids 
interspersed with positively charged residues. This precursor pro- 
tein is most probably processed between two alanine residues. 
Comparison of the transit peptide of the plastocyanin precursor 
protein (in the thylakoid lumen) with those of the precursor proteins 
for ferredoxin and the small subunit of ribulose bisphosphate 
carboxylase (in the stroma) and with that of the chlorophyll a/b 
binding protein (inserted in the thylakoid membrane) revealed no 
similarities, except for a region of 14 residues at the amino- 
terminal end. 

The unique chloroplast structure divides this organelle in at 
least six different compartments: outer and inner membrane, 
intermembrane space, stroma, thylakoid and thylakoid lumen. 
Therefore, chloroplast precursor proteins must contain informa- 
tion for both chloroplast specificity and routing of the mature 
proteins towards their specific compartments. Concomitant with 
this process the precursor proteins are proteolytically cleaved 
to their mature size? *. It has been shown’® that the transit 
peptide of the chloroplast stroma located small subunit of 
ribulose bisphosphate carboxylase can direct a foreign protein 
into the chloroplast stroma both in vivo and in vitro. For the 
analysis of the mechanism of chloroplast protein uptake and 
distribution, information about proteins that are directed 
towards different chloroplast compartments is necessary. There- 
fore, we cloned and analysed the nucleotide sequence encoding 
the precursor of plastocyanin. The special transport properties 
of the plastocyanin precursor protein may be reflected by the 
exceptional size of its transit peptide, which for pea was reported 
to have a relative molecular mass (M,) of ~15,000 (ref. 9). 
Recently, however, M, values of 7,000 and 8,000 were reported 
for the wheat and barley plastocyanin transit peptide, respec- 
tively’®. 

Plastocyanin-specific CDNA clones were isolated from a S. 
pratensis cDNA library. For this purpose a synthetic oligonu- 
cleotide mixture (16 x 14-mers), corresponding to a conserved 
part of the protein, was synthesized comprising amino acids 
41-45 (ref. 11) 


Phe - Asp - Glu - Asp - Glu 


R.. T A T 
S'-TT. GA, GAs GA, 


GA-3!' 

and used to screen a CDNA library’*. Fifteen positive clones 
were isolated, of which only one selected for plastocyanin- 
specific messenger RNAs in a hybrid released translation and 
immunoprecipitation experiment (Fig. 1). This clone, pPCl, 
contained a cDNA insert of ~500 nucleotides and was shown 
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Fig. 1 Autoradiograph of **S-methionine- 1 








2 a ARE ib i ck a ii 
s i k AAA CAA CAA GTC ATT TCA TCA ACT TAA ACG TAA ACC CAT TAA RAC CCE 
labelled in vitro translation products TERN E - 
immunoprecipitated with rabbit anti- 16 ot 106 ae 
spinach plastocyanin antibodies and ana- TIS SET SSA- AAA aE fi Tak tat tik iH STF itt ft Yat iti itt Fi tH HE m 
lysed on a 15% SDS-polyacrylamide gel. N 136 151 Mhi A a 
a n C G GC : I G OC 
The wheat-germ translation system was pro- ee ey fae 4G Get if See fin fin See Seu SES Se GEE S48 GEE Get GEE Gee tee 6 i 
grammed with: lane 1, hybrid released d 13 2 _ Ba a 
H ; . t t 3 TC ; G G AC i 
mRNA using pPCI plasmid DNA; lane 2, ASE ATE let ple AAC cec teg Cat ane AG cre cot cte exe EN ece cee ace coc ERE : 
. + i- 
S. pratensis poly(A)” RNA. pPC, plas- K . ad son 
tocyanin precursor; pSSU, ribulose bis- GCC GGA ATA CTE EEC UCA aac GEC ATG OCC GCC Gao GIC Tre CTC GGG Tee ac TERE, 
phosphate carboxylase small subunit pre- i GLY Tt EE e iee att a ats Ett AE LE ui m i i it l 4 
cursor. M, values are 1,000. cca Tre gee Ty ETE cec det | ae Be g Top pg GRE ue ate ace neie 
Methods. A S. pratensis cDNA library was GLY ERU ata PE vat Wb SEE AGE CHU SEF ILE AtA SEF Gi P 
prepared as described elsewhere’, Risin: sic bag’ oer one TiO tia tac Gan tab ENY Gas i cee ser coa te aa 
binant clones (15,000) were spread on a acy ath Sit Ste phe Gas Gee SE S Coe bie A Gt Sty Yat FRO ite EL £ 
140-mm diameter nitrocellulose filter on L- 436 ast 406 tie 
a, "6 a è : » CCC GAG G T G G G GAG 
agar containing 10mg ml-' tetracycline, ASE EAE PHE CHS Tie SEE ALY PEG Gii tt ASF CHT EU ASS ate Pto GUT Git G ME 
grown overnight at 30°C and replicated in oa 5 EENEN 326 665 GAS Set REA 
duplo. The replica filters were grown tee vat fue LEO ia etn tes Gee fie i i BRO ite i | 
at 37°C for 5-8h and chlorampheni- 536 Miadi A7 1t M 7 
col (200 ug ml ')-amplified overnight. Diki SET ATG GTA Gop ARR gu cc TIT MaD A TAC TAT aha ata ACT TTG aat ITC IGT 
Colonies were lysed and prepared for hybridization'*. The filters oak rat ai i 
were prehybridized for 3 h at 30 °C in a buffer containing 6 x SSC, GGT TGT TAA TCG GTA GGT GAA TAT GAT GAT CTT ITT Ifa TCT ATT GIT Ter Gta TaT 


10 x Denhardt’s'*, 50 ug ml! denatured herring-sperm DNA and 
0.1% SDS and hybridized overnight at 30°C in the same buffer 
except that 75 ug ml™' boiled yeast RNA was used instead of the 
herring-sperm DNA. The oligonucleotide mix was labelled with 
[y- P]ATP and T4 polynucleotide kinase to a specific activity 
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>10° c.p.m. pg! (ref.15) and used at a concentration of Fig. 2 Nucleotide sequence and deduced amino-acid sequence 

10 ng ml”'. The filters were washed for 6 h at 0 °C in several changes of pPCI and pPC2. The pPCI sequence starts at position 306. É 
of buffer containing 6 x SSC and 0.1% SDS and autoradiographed Restriction endonuclease sites for Ncol and Hindll are indicated. g: 
without drying at 4°C overnight. The washing was continued for The end of the S,-protected region is underlined. The putative . 
1 h at 25 °C, followed by a second round of autoradiography. Again processing site is at position 272 (arrow). 
the filters were washed at 30°C and autoradiographed. Positive Methods. The nucleotide sequence was determined using both the 
clones were rescreened at low colony density. Next, 15 clones dideoxy'’ and the chemical modification” sequencing techniques. 
producing strong hybridization signals were screened using the Internal HindII and Neol sites were used for cloning the cDNA 


hybrid-released translation method. Spinach plastocyanin was insert (cloned by G-C tailing in the PstI site of pBR322) in M13mp9 
purified'® and rabbit antibodies prepared and tested”. Hybrid- (ref. 19), Both strands were sequenced and restriction enzyme sites 
released translation, immunoprecipitation, gel electrophoresis and used for cloning were confirmed by sequencing overlapping DNA 
treatment for autoradiography were as described elsewhere'?. fragments. The 5’ Neol/ PstI fragment was sequenced using the — 
chemical modification technique with both 5’ and 3’ labelling. This 
was necessary because the dideoxy method did not produce an uf 
to be plastocyanin-specific by dideoxy sequencing using the unequivocal sequence for this region. S, nuclease mapping was IAF 
oligonucleotide mixture as an internal sequencing primer. Com- apepre, r PRR pati 2 Parr NSG e e a eet 
plete sequence analysis showed the insert to contain amino acids f spy pose whos i: ra te e Asara pai ae he 
13-99 ( Fig. 2, nucleotide position 306-568) of the mature protein To á sequ sala eed bratara ae oe aoaea 
and a 3'-untranslated region 204 nucleotides long. This cDNA i 
was used to screen the library for longer cDNA clones and a 
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plasmid, pPC2, with an insert length of ~800 nucleotides and Fig. 3 Northern blot experiment. 
a 3’ region identical to pPCl, was isolated. Sequence analysis Lane 1, 10yg S. pratensis leaf 
of this clone revealed a 5’ dT-tail. To determine the plastocyanin- poly(A)" RNA; lane 2, pPCl 
specific part of the insert, we performed an S, nuclease protec- digested with Pstl, producing the 
tion experiment in which the anti-mRNA strand of the insert hybridizing 540-base-pair fragment. 


The positions of the 18S and 28S 


was labelled at the NcoI site at position 268, hybridized to ribosoeaal RNA Dalier are dea 


poly(A)” mRNA and the hybrid digested with S, nuclease. The 





protected fragment was 243-253 nucleotides long (not shown), aia The RNA and DNA was 
meaning that the plastocyanin-specific part of pPC2 starts glyoxal-denatured, electrophoresed 
between positions 15 and 25 of the cDNA insert. The length of and transferred to nitrocellulose 
the plastocyanin-specific sequence, not including the poly(A) paper as described elsewhere”’. The 
tail, is therefore ~753 nucleotides. This result is in good agree- blot was hybridized to the nick-trans- 
ment with the size of the plastocyanin transcript, which in a lated pPCI cDNA insert, washed and 
Northern blotting experiment was found to be ~900 nucleotides autoradiographed as described pre- 


. j viously'*. Ribosomal RNA markers 
long (Fig. 3). Recently, the pPC2 cDNA insert was transcribed were visualized by staining an adja- : 


in vitro and the transcript obtained was used for in vitro transla- cent lane. The agarose concentration 7 
tion. The protein formed could be immunoprecipitated with was 1.4%. 


f 


plastocyanin-specific antibodies and it co-migrated with the ; € < oA 
plastocyanin precursor obtained from in vitro translated S. K 
pratensis poly(A)* RNA (data not shown). polyacrylamide gels (M,~21,000). When aligned, all higher 

In the sequence an open reading frame initiated by a meth- plant plastocyanins have the same amino-terminal end''. There- 


ionine codon was found, starting at position 74 and terminating fore, the mature protein probably starts with the Ala at nucleo- z $ 

at position 568, which included the mature plastocyanin tide position 274. The transit peptide of the S. pratensis plas- 
sequence. The open reading frame is preceded by three in-frame tocyanin-precursor protein is therefore 66 amino acids long y 
stop codons (positions 35, 41 and 50), therefore we conclude (M, 6,270) and consists mostly of hydrophobic and neutral 
that the ATG codon at position 74 is the plastocyanin-precursor amino acids, especially Ala and Val (27/66), and Thr and Ser 
initiator codon. The calculated M, of the protein is 16,630, which (14/66), respectively. In the middle region there are six strongly l 
is much smaller than the value based on mobility in SDS- basic amino acids (Lys and Arg). ee Ky 
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Fig. 4 Comparison of the published transit sequences of chloro- 
plast precursor proteins aligned at the amino-terminal end. The 
beginning of the Pro- and Gly-containing region with the first basic 
amino acids is indicated. fd, S. pratensis ferredoxin'* (stroma); ss, 
pea small subunit’? (stroma); ab, pea chlorophyll a/b binding 

. protein’’ (thylakoid membrane), pc, S. pratensis plastocyanin (thy- 
- lakoid lumen). Processing sites are indicated (arrows). The pre- 
< sumed processing site is shown'*7! for the chlorophyll a/b binding 
protein. 


The transit peptide sequences of three other chloroplast- 
imported proteins have been determined’*'?. Comparison of 
the amino-acid sequence of all four transit peptides, aligned by 
-using the processing site as a reference point, does not reveal 
any apparent homology, nor do their hydrophilicity plots (data 
not shown). However, if the initiator methionine is used as a 
_reference point, the four sequences all begin with a stretch of 
14 uncharged amino acids in which hydroxy-amino acids (Ser 
and Thr) are abundant (Fig. 4). This region is followed by a 

Pro- and Gly-containing region ~6 amino acids in length with 
the first residue(s) strongly basic, after which point there is no 
further similarity. At the processing sites of the four precursor 
_ sequences there is no consensus amino-acid sequence. For three 
_of the transit sequences, strongly basic amino acids are present 
_~4 residues in front of the processing site, but for plastocyanin 
no such amino acid is found. Instead the plastocyanin processing 
Site is preceded by a Val- and Ala-rich region, 20 amino acids 
-ip length. These amino acids can form a membrane-spanning 
region and, because this region is unique to the plastocyanin 
: precursor, could be involved in movement across the thylakoid 
membrane. Methionine residues are present at or near the pro- 
cessing site in all four precursors. The lack of homology, 
especially near the processing site, seems to contrast with the 
_ observation that proteases are probably not precursor-specific™’. 

< . With the isolation of a plastocyanin-specific cDNA, clones 
for precursor proteins directed towards three different chloro- 
plast locations are now available. These clones will be used to 
dy the mechanism by which chloroplasts import proteins and 
istribute them towards the various organellar compartments. 
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The insertion sequence IS 1 belongs to a class of bacterial transpos- 
able genetic elements that can form compound transposons in 
which two copies of ISZ flank an otherwise non-transposable 
segment of DNA. ISZ differs from other known elements of this 
class (such as IS 70, ISS0 and IS 903) in several respects. It is one 
of the smallest known insertion elements'~’, exhibits a relatively 
complex array of open reading frames’, is present in the chromo- © 
somes of various Enterobacteria, in some cases in many copies*”, 
and its insertion can result in the duplication of either 8 or 9 base 
pairs (bp) in the target DNA’. Furthermore, although, like other 
members of the compound class, it seems to undergo direct transpo- 
sition, IS 7 also promotes replicon fusion (co-integrate formation) 
at a relatively high frequency®. Like all other elements studied to 
date, the integrity of the extremities of IS7 are essential for 
efficient transposition’. We have constructed a test system to 
determine the minimal DNA sequences at the extremities of IS{ 
required for transposition. Sequential deletions of the end seguen- - 
ces reveal that 21-25 bp of an isolated extremity are sufficient for 
transposition. A specific sequence 13-23 bp from the ends, defining 
the edge of the minimal sequence, is implicated as an essential 
site. The sites, symmetrically arrayed at both ends of ISF, corre- 7 
spond to the apparent consensus sequence of the known binding _ 
sites for the Escherichia coli DNA-binding protein (called integra-_ 
tion host factor or IHF) which is required for the site-specific _ 
recombination that leads to integration of bacteriophage A into 
the bacterial genome*”*, The sites at the ends of IS7 may thus 
bind a host protein, such as JHF or a related protein, that is. 
involved in regulating the transposition apparatus. i Ee 
As a first step in defining the signal sequences carried by the ve 
extremities of IS7, we have determined the minimum terminal — 
sequence required for transposition. For this, we applied the — 
method used previously for IS50, IS10 and bacteriophage Mu, > 
that is, monitoring the transposition activity of compound trans- 
posons in which one or both flanking elements have been trun- ; 
cated to varying degrees by the exonuclease Bal31 (refs 10-13). 
Figure 1 shows the construction of the transposons used. They 
are composed of an IS/-flanked spectinomycin (Sp)/streptomy- ~ 
cin (Sm) resistance determinant. The efficiency of transposition 
of Sp*/ Sm? from these IS 1-flanked transposons was determined A 
using a ‘mating-out’ assay (see Table 1 legend)°. Table 1 shows _ 
our results. The frequencies of transposition of Sp*/Sm* from - 
the plasmids pOC15 and pOC17 are comparable (as is that of 
co-integrate formation), indicating that the 76-bp extremity of- 
IS] carried by pocis is as efficient in. promoting wild-type. 




































el transposition as. an intact copy of the element Samed 
OC17. The slightly higher level of transposition found in 
ated IS] (pOC15) is reproducible, although we cannot 
this. 
esults also indicate that functional ends of IS7 must be 
in the correct orientation for transposition to occur. 
nverse transposition’ of ampicillin/carbenicillin resist- 
e- determinants occurs at a frequency of 4.3107’ from 
plasmid pOC17 but is undetectable at <1 x 10° from pOC15. 
_ To determine the minimum sequence at the extremity of IS] 
“required for transposition, we constructed a series of plasmids 
- carrying: Bal31-generated deletions into the 76-bp IS1 extremity 
. (Fig. 1 legend). The size of the Bal31 deletions was determined 
to within ~5 bp by analysis with ‘suitable restriction endonu- 
--cleases. The transposition activity of 20 plasmids (Fig. 2a) indi- 
„x+ cates that a threshold size of 20-25 bp is necessary for efficient 
transposition. 
`. To define the minimum sequence. more precisely, the region 
of IS] remaining in six representative plasmids was determined 
using the Maxam and Gilbert sequencing method'* (Fig. 2b, 
-> Table 1). Plasmids pOC22.235, pOC22.212 and pOC22.222 (76, 
-< 28 and 25 bp of the ISI end, respectively) allow transposition 
_ to occur at frequencies similar to those exhibited by pOC15 and 
=: pOC17. Plasmid pOC22.228 (21 bp) shows a 10-fold reduction 
= whereas pOC22.236 (20bp) and pOC22.218 (16bp) show 
undetectable levels of transposition (<0.5% of wild type). 





















Table I Transposition activity of 1SJ-flanked transposons 
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No. of base Co-integrate Transposition frequency 


pairs frequency (x107) 
Plasmid remaining (x106) Ap(Cb) Sp/Sm 
pOci7 768 4.9 0.43 0.74 
poeis 76 1.2 <0.01 2.0 
pOC22.235 76 1.9 NT 4.4 
pOC22.212 28 5.8 NT 5.5 
pOC22.222 25 6.8 NT 5.0 
pOC22.228 21 2.4 NT 0.57 
pOC22.236 20 1.2 NT <0.01 
pOC22.218 16 1.8 NT <0,01 





Strain LC1042 (Leu-Trp-MetA-Ile-ArgG-ProcC-Thi-Ara-Lac-Xyl-Mil-Gal Str” 
T6? recA/pOX38Km) carrying cach of the donor plasmids was crossed with 
LC799 Thy-Leu-Lac-Thi-Nal" P1? AÈ) and ex-conjugants resistant to kanamycin 
2) Km), spectinomycin (Sp*) ot ampicillin/carbenicillin (Cb®) were selected on 
lL agar plates” supplemented with the appropriate antibiotics. Mating conditions 
<o have been described previously® 3 To distinguish. co-integrates. between the donor 
and recipient replicons from direct transposition, Sp*/sm® clones were analysed 
. for Cb? and Cb clones for Sp“ / Sm". Sp /Sm®, Cb® ex-conjugants were scored 
-. as co-integrates, Sp"/Sm*®, Cb? clones and cb, Sp*/ Sm* clones were scored as 
direct transposition of the respective IS 7-flanked regions of the donor replicon. 
Frequencies are expressed as a fraction of the transfer of pOX38Km alone. No 
“> correction for the increased matin ng efficiency of pOX38. plasmids which carry the 
-- origin of pBR322, that is, all Cb ex-conjugants®, has been: made in the above 
results. Drug concentrations used were: Km, 25 pgml”'; Nal, 35 ug ml’; Sp, 
30 ug mi~’; Sm, 10 wg ml"; Cb, 500 pg ml” a) NT, not t tested. 













Thus, 25 bp at one end of IS 1 is euticient to promote normal 
levels of transposition in conjunction with. a second, intact copy 
f the element. The extremities of IS} carry. relatively large 
nverted sequences, IRL and IRR, which. show extensive 
omology over the first 23 bp ( Fig. 3). This region includes the 
egment defined above as necessary for maximum transposition 
activity. Although we have analysed only one of the two 
=-extremities (IRL), the known functional similarity and com- 
_ parison of the sequences (Fig. 3) suggest that the minimal 

sequence required at each end is of the same length. Indeed, 

preliminary results indicate that both extremities of IS/ exhibit 
milar transposition activities (P.G., D.G. and M.C., unpub- 
shed data). 

The similarities and differences between the ends (Fig. 3) 
ndicate that homology extends for ~31 bp except for a 13-bp 
nsertion’ immediately after position 23 in IRL. Both ends also- 
arry four nonsense codons which prevent translation from 
roceeding into the element. In the case of IRL these cover all 
ee reading frames, whereas for IRR, two of the three reading 











































































Fig. 1 Construction of 181 flanked and end- deleted ‘transposons, 
Bglil/ Xhol fragment, . carrying. Tn, was isolated: from: the piasmi 
Pee : Tn9 (ref. 23), cloned into-the unique Poul! site of pBR322 (coordit 
ate 2,067) after conversion of the recessed 3’ ends to flush ends and then 
deleted for the internal region of Tn9 between. the unique. BstE 11 sites in. 
the flanking 1S Js. The resulting plasmid, pOC4, carries a single copy of ISt 
The ‘pointed’ extremity of IS 1- is distal to the unique Poul] site as depicted 
here, and carries IRR, Plasmid pOC1 carrying a 76-bp IRL extremity was. 
generated from pOC4 by substitution of the DNA located between the EcoRI 
(pBR322: 0) site and the unique Poull site in IS] with the EcoRI/Poull. 
fragment of pBR322.(0-2,067)..A functional 1S7 was then:introduced ‘into 
pOC! and poca using the plasmid pR2.51S/ (IS/ cloned into the EcoRI. 
site of pBR322*"). Substitution between the Poul and BamHI sites (pBR322: ş 
3,737 and 375, respectively) of pOC tand pOC4 by the comparable fragment. 
of pR2.5IS1 generated plasmids pOC2 and pOC5, respectively. To avoid 
problems experienced with tetracycline resistance (Te?) selection, we sub- 
stituted part of the pBR322 tetracycline gene carried by pOC1, pOC2 and 
pOCS between the unique Hindili and Nrul sites (pBR322: 29 and 937, 
respectively) for a 1.8-kb Hindy Poull í fragment specifying resistance to: 
spectinomycin/ streptomycin (Sp /Sm®)*, This generated the plasmids 
pOC14, pOC15 and pOC17. To generate sequential deletions of the 76-bp. 
IS] extremity, plasmid pOCl4 was linearized at its unique Poul} site and: 
treated for various times with the exonuclease Bal31°°. The preparation. 
was cleaved at the single remaining Hincll site (pBR322: 3,908) and. the: 
fragment ‘carrying the ‘deleted extremity of ISI was isolated by: elec: 
trophoresis onto. and elution from: DEAE-cellulose paper (Schleicher & 
Schuell; sequences, RNA-DNA 2). Plasmid pOC15 was cleaved at its unique 
Nari site (pBR322: 1,205), the 3’ recessed end was converted to a Hush end 
using the Klenow. fragment of DNA polymerase I, the preparation cleaved 
with Hincll, and the ISt -carrying Hincll/ Narl fragment isolated. Following. - 
ligation of these two fragments and transformation into MC182 (leu thr thi 
lac hsdR recA), we isolated a family of plasmids, pOC22.xxx, identical 
except for small deletions of various sizes extending from the Poull site: 
(defining the internal end of the IS7 fragment) towards the extremity. These’ 
are equivalent to pOC15 but carry a unique deletion between the Pew ll and: 
Nari sites (pBR322: 2,067 and 1,205). The extent of the deletion in 42 clones: 
was determined initially on-5% acrylamide gels by digestion of plasmid. 
DNA with Bgll together with. TthHI cor ‘Rsal. Plasmid DNA used for 
sequencing was isolated from transformant clones, Sint (Avail)/ TAU 
fragments carrying the IS/. extremity and: labelled specifically at ‘the Sinf: 
extremity with ? *§-TTP were ‘subjected to chemical cleavage'****, the. _prod=: 
ucts separated on 10%- 0.2-mm ‘sequencing gels and visualized by. 
autoradiography. Only. selected: restriction enzyme sites are included in the 
maps shown here. Symbols used: HII, Hincll, R, EcoR; HIH, Hindit, 
N, Nrul; NI, Nari, P, Poull; T. TUM, V the hybrid Poull/ Nrul site: 
generated by insertion of the Sp/Sm. fragment; x, hybrid Poull/ Bgllt site 
generated in the cloning. of the IST; @; ‘hybrid Narl/ Bal3i site, O, Pvuti 
site generated by £ fusion of the internal site in IS7 with that of pBR322.. 


frames are included. In contrast to 1810, ISSO and IS903. (et 
10-12), no sequences. corresponding to the site of methylatio: 
by the dam methylase (GATC) are found at the ends of IS. 
Both ends are known to carry promoters which direct transcrip 
tion into the element”. The IRL promoter directs a transcrip 
which covers two major reading frames in ISJ, insA and insB 

An interesting feature of these extremities is that part of. 
sequence between the. proposed -35 and —10 regions of. t 
promoters'” exhibits extensive homology with the apparent 
sensus binding site of IHF (refs 16, 17). Note that a sim 
arrangement has been observed i in the heat-shock prom 
the rpoD gene in E. coli'*. The heterodimeric IHF prot 
product of the E. coli himA and hip genes®?, is involv 
several site-specific recombination reactions, notably’ 
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j e ee tO 25 H 
GOTGATGCTOCCAACITACICATTTAGT- - -cgct 
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Transposition frequencies as a function of the length of 
deleted IS7 extremity. a, Overall transposition. frequencies as 
nction of the length of the remaining IS? extremity. The target 
smid pOX38Km was introduced into 20 representative 
182/ pOC22.xxx- carrying strains and transposition assayed as 
xed in Table 1. legend. Open symbols, the length of the 
ing 1S] extremity estimated from restriction digests. Closed 
; plasmids subjected to sequence analysis. Frequencies (©, 
esent the results of single transposition assays for each 
train. The data. have also been expressed as a percentage 
isposition activity’ (the sum of transposition and cointegrate 
ncies, (1, W). 6, Comparison between transposition 
ncy and sequence. Transposition frequencies are derived 
independent assays of each strain. Frequencies represent 
age of 4 independent transposition assays for each strain. 








ion of lamboid phages”'’, and | controls geng 
yn?-!9:20-2! at the level of transcription"? or translation’. 
otential THF binding site occurs at base pairs. 13-23 in 
emity and ends at the point of the IRL 13-bp insertion. 
ape of these. e with. other known IHF eee 
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Fig. 3 Comparison of the IRL ona IRR extremities of IS] and 
their sequence relationship with known IHF binding sites. a, The 
sequence of the terminal 43 bp of IRL and 31 bp of IRR"? have. 
been aligned to show their homologies. Also indicated are the. 
relative positions of the proposed —10 (- -=== -~ -} and. —35 
(——-—) regions of the promoters contained within the 
extremities‘? and the potential IHF binding sites { 
Comparison of proposed IHF binding sites in IS7 with known 
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CONSENS: YRYAANNNRITGATA 
: i 
ISL TRL GCTGCCAACTTACIGATITAGTG 
ISI IRR GACICCAACTTATTGATAGTOTT 
ISi (ap 213) ACCAGABAATCATIGATATGGCC 





-). b, 





IHF binding sites. 


sequence necessary for IS1 transposition will allow us to 
examine the sequence specificity at the extremities and event- 
ually to define the proteins involved and determine the nature 
of their interaction. 
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New biology—new machinery 


An exhibition of new labware is being run alongside Nature’s San Francisco conference ‘Update in the 


New Biology’. 


è The frozen competent cells MM294 and 
JM101 are available from Clontech in 
frozen aliquots of 0.5 ml. Cells are compe- 
tent for transformation immediately upon 
thawing with no need for further growth 
or preparation. MM294 yields greater 
than 10° transformants per microgram of 
DNA. This strain is ideal for generating 
large cDNA libraries, subcloning and M13 
cloning. JM101 yields 6 x 10° transfor- 
mants per microgram. This strain is useful 
for growth of M13 phage as well as sub- 
cloning, and cloning of M13 recom- 
binants. 

Reader Service No. 100. 

è Asa solution to the problem of detect- 
ing fusion proteins from recombinant 
phage, Bio-Rad has introduced the 
Express-Blot assay kit. The kit provides a 
sensitive, non-isotopic method of detect- 
ing proteins expressed as B-galactosidase 
fusion prouducts, present in recombinant 
phage plaques. Exceptionally low back- 
ground of false positives is ensured, by 
including an Escherichia coli lysate in the 
kit, to neutralize cross-reactive anti- 
bodies. Inducer (IPTG), HRP-colour de- 
velopment reagent, and GAR-HRP are 
supplied along with all other ingredients 
(except product-specific rabbit antisera) 
and a detailed protocol. Purple spots 
appear on the nitrocellulose membrane at 
the locations corresponding to positive 
plaques. 

Reader Service No. 101. 





Fast development for proteins and nucleic acid. 
e The Rapid-Ag-Stain reagent kit has 
been developed by ICN Biomedicals to 
provide fast and sensitive staining for the 
detection of proteins and nucleic acids 
migrating by polyacrylamide gel elec- 
trophoresis. Silver staining is now general- 
ly thought of as a more sensitive staining 
method than Coomassie brilliant blue 
These notes are based on information provided 
by the manufacturers. To obtain further details 


about these products use the reader service card 
bound inside the journal. 


(CBB) staining (for protein detection) 
and ethidium bromide staining (for nuc- 
leic acid detection), which had become the 
established techniques. Using Rapid-Ag- 
Stain the gel may be visualized in less than 
an hour. Sensitivity is up to 125 times 
CBB. The kit is suitable for proteins, 
RNA DNA, electrophoresis, and O’Far- 
rel two-dimensional electrophoresis. 
Reader Service No. 102. 


New viruses from 
ATCC catalogue 


Tuirty-six new animal viruses, Rickett- 
siae and antisera are available from the 
American Type Culture Collection, and 
are described in an update to the 1983 
Virus Catalogue. Additions to the animal 
virus collection include Ehrlichia risticii 
(Potomac horse fever), two rabies viruses, 
several human rotaviruses and antisera, 
and a human cytomegalovirus. Strains are 
listed alphabetically by their taxonomic 
classification and name. Descriptive in- 
formation includes original source, pas- 
sage history, preparation, host of choice, 
incubation, effect, host range and special 
characteristics. 

Reader Service No. 103. 


è J.T. Baker Chemicals has recently in- 
troduced a technical newsletter entitled 
Applications-Scientist. The newsletter 
provides the chromatographer with com- 
prehensive information on solid-phase ex- 
traction (SPE) procedures, HPLC col- 
umns and bonded-phase packing ma- 
terials. The first two issues of the newsletter 
feature articles on the sample preparation 
of fat-soluble vitamins, the resolution of 
pharmaceutical enantiomers using 
covalently bonded chiral phases, and the 
extraction of herbicides from aqueous and 
solid samples. 

Reader Service No. 104. 

è Photoprobe Biotin, from Vector 
Laboratories, is a new reagent for biotin 
labelling single- or double-stranded 
DNA, RNA or proteins. The new reagent 
requires only a single photoactivation step 
to produce stable, non-radioactive hybri- 
dization probes for use with a variety of 
enzymatic or fluorescent detection sys- 
tems. It avoids the requirement for nick 
translation, and the hybridization probes 
can be used with the sensitive biotin/ 
avidin based detection systems for in situ 
or nitrocellulose applications. 

Reader Service No. 105. 





Beckman’s MicroGenie brochure. 
èe A new illustrated brochure from 
Beckman describes program capabilities 
recently added to the MicroGenie sequ- 
ence analysis software. New features in- 
clude a dot matrix for finding homologies 
and a procedure for using the shotgun 
method of dideoxy sequencing. The data- 
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AFFINITY CHROMATOGRAPHY 
DISPOSABLE COLUMNS 
For purification of mouse and human Ig. IgG. IgM. 
IZA from serum, ascites and tissue culture fluids. 


AUTOMATED LOADER/ELUDER 
For running affinity chromatography columns 
unsupervised overnight, weekends or all week, 

RABBIT ANTESERA 
A custom service for rabbit antisera against your 
own or our antigen. Whole serum, precipitated Ig, 
affinity purified antibody, fragments and 
conjugates. 


Biological Consultancy Services Ltd 
Denny End, Waterbeach, Cambridge. U.K. 
Tel: 0223 881445 
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LIPID PRODUCTS 
top quality lipids for biomedical research 


17 years experience supplying lipids to top 
research laboratories throughout the world 
For free catalogue contact 
Lipid Products, Nutfield Nurseries 
South Nutfield, Redhill 
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base has been updated to include the 4,000 | 


sequences currently in GenBank and the 
3,000 protein sequences in the National 
Biomedical Research Foundation 
(NBRF) Protein Data Bank. The 
brochure shows several program screens 
us they appear on the computer. Features 
include a choice of methods for finding 
homologies, — self-instruction through 
menus and prompts, 
compatibility with the IBM-PC, PC-XT 
and Compaq computers. 

Reader Service No. 106. 

è The Pharmacia FRAC-100 solvent re- 
sistant tube rack complete is now available 
as an accessory for the FRAC-100 Frac- 
tion Collector. Made of PBT (polybutyl- 
terphtalate), the tube rack complete is de- 
signed to withstand aqueous buffers in the 
pH range l-14 and harsh organic solvents 
commonly used in HPLC and organic che- 
mistry. Special features of the tube rack 
include a water bath connector and drain- 
age channel for the circulation of fluid for 
temperature control. 
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The Pharmacia FRAC-100. 

è Three new tissue culture sterilization 
filter units from Nalge feature cellulose 
acetate membranes and can be used for 
cold sterilization or clarification using 
membrane filtration. The tissue culture 
grade cellulose acetate membrane fea- 
tures low protein binding and excellent 
flow rates with proteinaceous solutions. It 
is suitable for filtering solutions with a 
high protein content, such as tissue culture 
media or serum, as well as solutions with a 
low protein content where a high percen- 
tage of protein must be recovered. The 
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Nalee' s new tissue culture sterilization 


filters. which are available in 0.2 


| um pore sizes, are low in extracti 


Triton-free. The units are r 
sterilized and individually bagge 
nating the risk of EtO residues 
nating sensitive cell cultures. Thi 
rent sizes are offered: Type LTA. 
unit with a 47-mm membrane d 
Type TA. a 115-ml unit using ; 


| membrane: and Type STA, a 


using a 25-mm membrane. 
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A housefly (Mus domesticus) seen at two angles with the Leitz vertical and oblique « 
attachment. This new microscope accessory enables the observer to inspect a specimen fr 
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series of stereomicroscopes. Reader Service No. 109. 
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ULTROCI 


GFC 


Column: GlasPac TSK 3000SW — 


Sample: whole h 
Buffer: 0,1M 
pH7,0 

Using GFC as the first step 
permits the use ofa wide range 
of conditions without interfer- 
ing with the separation. It is 
therefore possible to find con- 
ditions that promote the dis- 
sociation of aggregates as well 
as minimize proteolysis. 

The multi-step procedure 
successfully demonstrates the 
ability to retain the key ele- 
ments of high speed and high 
resolution, at every stage of 
the purification process. 
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Retention time 


New ULTROCHROM GTi now enables the bio- 
chemist to integrate the complete purification 
scheme on just one system. By exploiting the 
best chromatography for any particular problem, 
you'll get rapid analysis of sample complexity, 
progressive multi-step purification and success- 
ful isolation of other significant components. 


A new bioseparation system 
for both FPLC and HPLC 


The ULTROCHROM GTi system is the break- 
through every biochemist has been waiting for. It 
combines the best of FPLC and HPLC, yet retains 
the simplicity and flexibility of soft gel methods. 
The full range of separation modes lets you 
use it regularly for GFC, IEC and Hydrophobic 
Interaction Chromatography (HIC). You'll even 
use it for mainstream reversed phase chromato- 
graphy, including microbore and fast LC. 
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Flow rate: 0,05 ml/min 
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High biological activity, very fine 
resolution and fast chromatography 


The completely inert fluidics include a true HPLC 
pump that eliminates stainless steel at every liq- 
uid interface. From pump heads to fraction col- 
lector, titanium and inert polymers provide a 
unique flow line that guarantees the complete 
integrity of your sample. 

You'll separate, purify, quantitate an recover 
biologically active proteins, peptides, nucleic 
acids and even carbohydrates. You'll get faster 
separation, higher resolution and dramatically 
increased biological activity (our results range 
from 91% to 99%). 


Unlimited potential 


Giving you more runs per day, the GTi biosepara- 
tion system provides you with a future of unli- 
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Ion exchange and hydrophobic interaction chromatogra- 
phy have the necessary high resolving power to achieve 
complete purification. The GTi system has been specifi- 
cally designed to deal with the relatively high salt con- 
centrations used in these separation methods. 


snited potential. Easy to use, highly productive new brochure is an absolute must for every bio- 
and totally reliable, you'll get results fasterthan chemist. We’ll be glad to send you your own perso- 


tever, better than ever. With more chromatogra- nal copy. We’ll also be happy to 
pay simpler procedures and refined programs, show you how GTi can solve your 


our research is automatically poised for the purification problems faster and 

wiant leap you’ve always wanted. better than any other separation 
À : system available. 

A must for every biochemist Getin touch with LKB. You'll 


Containing over 40 different applications, our be glad you did. 
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Vienna +43 (222) 92 16 07 - Washington (301) 963 3200 - Zoetermeer (079) 319201 
Over 60 qualified representatives throughout the world. 
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VOLUME ONE 


Analytical toxicology involves a variety of 
sophisticated techniques to trace the minute 
quantities of foreign materials that need to be 
localised, identified and measured in the human 
body. Until now there has not been a book which 
had gathered together the practical details of 
how to apply these complex techniques. 
Analytical Methods in Human Toxicology 
provides detail with clarity on the whole range of 
analytical techniques in human toxicology. 


Volume Two of Analytical Methods in Human 
Toxicology concentrates on the applications of 
the techniques covered in Volume One to 
particular poisons and will be published in 
February 1986. 





* Postage free in UK. 
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Simple, efficient and reliable cDNA production 
with Amersham’s CDNA synthesis system, 
code RPN.1256. Generate a high percentage of 
full length double-stranded cDNA in three hours 
from your MRNA. 


simple one-tube reaction protocol 
overcomes hairpin loop priming problems 
eliminates S1 nuclease digestion step 


. i onpa Also available 

no intermediate purifications required ) 
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complete system for copying 20ug MRNA Technical Service Group. 
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Deep-water breaking waves transfer momentum from 
ocean waves to Currents, mix down surface material, 
and augment air-sea gas transfer by bubble generation. 
This photographic sequence shows an example of a 
repeatable breaking event generated in a laboratory 
wave channel. The nominal frequency of the breaking 
wave is 0.88 Hz, the individual photographs were 
taken at time intervals of 0.1, 0.25 and 0.25 s, 
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DNA Synthesis Made Easy 


The System 1 Plus DNA simplify proofing and editing. other applications, confident 
Synthesizer is the latest Up to 102 bases can be pro- that synthesis will continue as 
advancement in DNA synthesis. grammed for long unattended desired. The Coupling Efficiency 
It uses the popular IBM-PC as operation. Monitor assures complete 
its interactive graphic controller, Simple Interactive Graphics deblocking and coupling at 
and makes the synthesis of If a sequence is entered that every step. 
single-stranded DNA easierthan is too long for available reagents, Simple to Buy 
ever before. Even operators _ the BOTTLE STATUS screen System 1 Plus makes DNA 
unfamiliar with DNA synthesis shows which reservoirs need synthesis easy, with repetitive 
can move smoothly through to be filled. Pump flow rates yields greater than 98%, less 
the program. can be changed and synthesis than 15-minute cycles, and 
Easy Sequence Entry steps can be altered from low operating costs: Beckman 

Computer keyboard or light the standard program using makes it easy to purchase with 
pen can be used to quickly enter PROGRAM ADJUST. At any an introductory package that will 
sequences in the 5’ to 3’ direction. time SYSTEM STATUS can surprise you. Ask your Beckman 
As bases are selected they appear be accessed for real-time display representative for details, or 
on the screen, color-coded and of synthesis conditions. write: Beckman Instruments, Inc., 
with proper codon breaks to Once synthesis has begun, 1050 Aa t Mill Road, Palo Alto, 

you can use the IBM-PC for CA 94304. 


The system status 
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are used for precise 
chemical delivery. 
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è Optical computers 
e Lasersin biology and 
medicine 
è The birth of masers and 
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These and other topics are addressed 
in Nature's special Laser issue which 
marks the 25th anniversary of T.H. 
Maiman’s report on the first working 
laser (Nature August 6th 1960). 
Extra copies of this issue are available 
now fromthe address given below - 
price as for back copies. 
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Next week in Nature: 
@ Galactic haloes | 
© Solar rotation 
@ Aircraft at risk from 
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@ Electrosynthesis of ammonia 





























FPLC ‘from Pharmacia open: 
high performance separatior 


FPLC -the complete 
chromatography concept 





he door to excellence in 
x biomolecules 


Every development is born from need. FPLC from Pharmacia was 
developed to fulfill the need for better and faster liquid 
chromatography, the need for biocompatibility, the need for 


z Í 
automation. 


FPLC is a complete range of high-performance media and instruments, 
incorporating some of the most important chromatographic innovations 
of recent times. FPLC media and instruments make possible the design 
of individual, dedicated systems for efficient and rapid separation of 
active biomolecules. | 


FPLC meets the challenge of biomolecule separations with systems 
which give you: 


è complete automation from sample injection and column 
switching through to fraction collection 
è analytical and preparative separations with the same system 


è the opportunity to combine traditional with high performance 
techniques 


e full biocompatibility with high recovery 


Contact your local representative of Pharmacia to find out more about 
how the FPLC system can bring you excellence in the purification of: 


è enzymes and other proteins 

è biologically active peptides 

è polynucleotides and oligonucleotides 

è monoclonal antibodies 

è macromolecular complexes and subcellular components 
è peptides 

è nucleotides 


FPLC respects the activity of the biomolecule and achieves 
unprecedented speed, resolution and recovery. 


e) Pharmacia 


Laboratory Separation Division 
S-751 82 Uppsala, Sweden 
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Sequencing Grade Triphosphates 
From Pharmacia 


Ultrapure Deoxynucleoside Triphosphate Solutions 


While often overlooked, high quality triphosphates can increase 
gel clarity considerably, allowing reading of up to 30 % further 
from a single primer site. Pharmacia’s solution triphosphates are 
the most stable, homogeneous and diphosphate free nucleotides 
available. In addition, they can be used without weighing, 
neutralization or concentration determination. 


- 2’,3'-Dideoxynucleoside 5’-Triphosphates 


Ever since we provided the first commercial dideoxynucleosides 
< yn 1977, researchers have relied on our ultra-pure 2',3'- 

X dideoxynucleoside 5'-triphosphates for the specific chain 

= termination and low background needed in their sequencing. 


- Keep your results clear of the background. 
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Making the market shape research 





The Australian government resembles every other in wanting to turn research to profit. Its chief research 
agency's new policy is a step towards meeting that ambition, but is not sufficient in itself. 


In relation to publicly supported research, all governments these 
days raise the common cry that research should have more 
immediate economic value. In Australta, with a population about 
a quarter of that of industrial economies such as those of Western 
Europe (which are not conspicuously successful), the cry has been 
amplified in the past year or so by the re-election of the Hawke 
government, determined (as it seems) to review and modify the 
working of every important public institution (see Nature 316, 185; 
1985). The chief research organization, the Commonwealth 
Scientific and Industrial Research Organization (CSIRO), where 
pressure has been especially strong, has been a ready target for 
criticism. It 1s big, employing a substantial fraction of Australia’s 
researchers, and is moreover still largely cast in the mould of 
earlier decades, when the universities of Australia were much 
weaker in research. 

The inevitable result is that CSIRO is conspicuous among the 
public institutions under scrutiny; the government’s chief advisory 
body is due to report shortly. Meanwhile, as if to show that CSIRO 
is not waiting, fatalistically, for whatever changes may be decreed, 
it has put out a document, Shaping the Future, which shows at least 
alertness to the Australian government’s anxieties. The policies 
outlined in the new plan will undoubtedly help to forestall critic- 
ism. Thus CSIRO says it will look for ways of making its staff more 
flexible, and in particular to succumb more often to the temptation 
to work in industry. To be fair, the organization has been grappling 
with impediments to mobility (such as pensions schemes) for 
several years, without much help from government. It is, however, 
well known that the most effective way of “transferring technol- 
ogy”, as the saying goes, is to move people. Published digests of 
“research achievements” by comparison cut very little ice. Maybe 
CSIRO will now get the backing it deserves; other governments 
may be tempted to follow suit. CSIRO also promises to be more 
self-conscious about economic possibilities when embarking on 
new research and to be more deliberate and systematic in the 
evaluation of research programmes during their execution. For an 
organization which confessed earlier this year to not having an 
economist on its staff, this is also a self-commendation, but one 
whose weight can be.determined only by performance. 

The much more serious difficulty is to strike the right balance 
between the different motivations for industrial innovation and 
development. What attention should, for example, be paid to 
industrial companies’ assessments of market needs and what to 
economists’ long-term assessments of the pattern of industry? To 
what extent should a government build mechanisms for seeing that 
new ideas arising from basic research are indigenously exploited, 
when it might be easier and more profitable to trade the patent 
rights? How far should a government go in supporting research 
intended to strengthen a traditional industry (agnculture, for 
example, in Australia) and what resources should it spend on 
seeking a toehold in high-cost high-tech industries in which every 
other country trumpets similar ambitions but where only some can 
hope to succeed? CSIRO will no doubt argue behind the scenes 
that all these questions, nowhere easy, are complicated in 
Australia by the relics of the industrial strategies of past decades 
that sought to encourage the growth of Australian industry by 
constructing shields against outside competition. Is it any wonder 
that one of the present government’s discontents is that commerc- 
ial compames in Australia spend too little on research? The 


obvious.snag is that no amount of cleverness in CSIRO laborator- 
ies, and no amount of persuasiveness in publicizing the innovations 
that result, will counteract such disincentives to mnovation.The 
new proposals for counting industrial research spending as a tax- 
deductable expense worth half as much again may help, but letting 
Australian industry sense how competition strengthens the need 
for research would be even more effective. Whether the reforming 
government will go so far is another question. 

Australia’s special difficulttes are to some extent historical, 
stemming from CSIRO’s past role as virtually the only agency of 
public research. Everybody will appreciate how difficult it must be 
for an organization deliberately to relinquish responsibilities it 
discharges well. Fortunately, there are signs in this brief strategy 
document that CSIRO is now leaning in the nght direction. What 
remains to be seen is whether the new management in Canberra 
will be able to turn these general principles into a more pointed 
pattern of research — and whether the government will allow it the 
time to do so. 


Fair play for foreigners 


Japan is committed to internationalization. But 
recent events suggest it must look again. 


Some three years ago the Japanese government altered the law 
in order to permit foreigners to hold permanent posts in the state 
universities. The change was made partly because there was an 
awareness in the academic community that Japan was isolated 
from the tradition of employing talented staff, regardless of 
nationality, which has done much to enhance the vitality of 
European and American universities. At the same time the 
change did away with the difficulties faced by Koreans who had 
been born ın Japan or who had come to Japan during the war. 

That Japanese scientists are aware of the benefits of such 
“qnternationalization” is clear enough, for a growing number 
now hold tenured posts in foreign lands. But despite the hopes 
held out by the change in the law the complementary process — 
that of giving foreigners full-time employment in J opera uni- 
versities — has not made much headway. 

In part this reflects language difficulties and the rales rigid 
seniority system of the state universities which provides few 
cracks through which those outside might enter. Only one uni- 
versity — Tsukuba University — has done away with the uni- 
versity chair system and, by no coincidence, it also has by far the 
largest number of foreign staff members. But as events de- 
scribed on p.465 show, problems still remain at Tsukuba. It 
would seem that some foreign teachers’ legitimate concerns for 
their future security have been thought little of at the university, 
while other foreigners find they are welcome so long as they 
remain only for a short period. To the small band of foreigners 
who work in Japan’s state universities these events are impor- 
tant, for Tsukuba has long been seen as the leading proponent of 
the internationalization of the universities. 

The spectrum of attitudes seen at Tsukuba seem well to reflect 
the deep-seated ambivalence the Japanese themselves feel to- 
wards “internationalization” For some years the internationa- 
lization of Japanese life has been a topic of endless discussion, 
although there is far from agreement on what it means. It is 
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clear, though, that more than a century after Japan was opened 
to trade, differences in language and culture are still felt to 
provide be barriers to intercourse with the rest of the world. 

From the inside, Japan can seem a small, homogeneous, 
hierarchical and conservative country far removed from the 
vaster flux of events occurring in the United States and Europe. 
The distant West often seems romantic— a feeling Japanese TV 
commercials have learnt to exploit with great skill. 

But the West can be seen as threatening, too, with cultural 
and language barriers providing convenient protection for 
Japan. After all, will not “internationalization” mean “wester- 
nization” and risk the destruction of the form of society that has 
reaped such tremendous material benefits for Japan? 

In public life the oscillations between the view that Japan 
should become part of the larger world and the view that its 
uniqueness must be protected seem to continue endlessly. Re- 
cent weeks have seen a sudden insistence by the Ministry of 
Education, Culture and Science that the national anthem be 
sung and the Rising Sun flag be hoisted at school ceremonies in 
an attempt “to strengthen national identity” 

The same aims can be seen at work in proposals to set up an 
“International Centre for the Study of Japanese Culture” in 
Kyoto. When the idea was first mooted it was for an institute 
where foreign scholars with an interest in Japan could carry out 
research and have effective access to source materials. But 
recently Prime Minister Yasuhiro Nakasone has taken a strong 
interest in the centre and its stated goal has become “to explain, 
defend and export Japanese, cultural values to the rest of the 
world”. The Prime Minister is quoted as saying that “Forty years 
have passed since the end of the war. . . now is the time to 
establish Japan’s identity once again. And that is why I am 
calling for the creation of the centre”. Among those tipped to act 
as advisers to the centre is Kinji Imanishi, a man often described 
as a uniquely Japanese thinker, but whose anti-darwinian evolu- 
tionary theories, inspired by his view of Japanese society, would 
not last long if subject to international attention. 

Despite such pronouncements, Nakasone ıs most vigorous in 
his calls for the internationalization of Japan. But his view seems 
to be that strengthening Japan’s identity is the only way, for 
Japan to take an equal place in the community of nations. 
Paradoxically, nationalism then becomes a prerequisite of inter- 
nationalism. If this were so, true exchange of ideas would be- 
come impossible, for contact with foreigners would simply be a 
way of reasserting Japan’s “unique cultural identity”. 

At Tsukuba (and at universities elsewhere) many foreigners 
complain of the separate treatment they receive: “Foreigners 
are put in a box,” as one lecturer put it, “where Japanese can 
come and get a controlled dose of internationalization.” But 
internationalization can be something more than that. At its 
simplest it surely means no more than just giving foreigners 
equal treatment and allowing them the same role in university 
life as Japanese teachers. There is really nothing very difficult 
about it: private universities have been giving equal treatment to 
foreign staff for years. That the national universities were origi- 
nally set up to import learning to aid Japan’s modernization and 
that their staff have the status of civil servants should not be a 
barrier. 

Special procedures may well be necessary to recruit foreign- 
ers, for they will not have the network of supporters usually so 
necessary to obtain employment. But beyond that why treat 
foreigners differently? Why not let the job go to the most 
talented person applying for it? So far, a mere four state univer- 
sities have given long-term employment to just five foreigners. 

Those who fear that foreigners will never understand 
Japanese concepts of harmony and will disrupt proceedings if 
allowed to serve on committees may find themselves in for a 
pleasant surprise. And those like Nakasone who worry about 
national identity can be sure that exposure to foreigners and 
foreign ideas will simply give further rein to the Japanese genius 
for absorbing the best ideas from anywhere they can be found. 
Nothing is more likely to kill Japaneseness than a deliberate 
attempt to inculcate it. O 


NATURE VOL 317 10 OCTOBER 1983 


Is freedom a luxury? 


The issue of tenure threatens British academic 


peace. But there is a new plan for change. 

THe doctrine that those who work in academic institutions 
should be entitled to life-long tenure of their posts has become a 
divisive issue between academics and the rest of society, espe- 
cially in financially hard-pressed countries such as Britain, 
where the government has embarked on a legal procedure to 
extinguish such right of tenure as there may be ın contracts of 
employment issued by universitites to the members of their 
teaching staffs. Since the chief consequences of that procedure 
will be a worsening of already strained relations between the 
government and the universities, those concerned should be 
compelled to read the interesting document on the subject put 
out last week by the Council for Science and Society (Academic 
Tenure — Luxury or Necessity, £2.50, from 3-4, St Andrew’s 
Hill, London EC4). The document has been drawn up by a 
committee under Sir Stephen Bragg. Properly, it points to the 
general misconception, especially among British politicians, ab- 
out the degree to which academics are protected from misfor- 
tune by their contracts of employment, academic life 1s not really 
as secure as generally supposed. Rightly, the document also 
argues that the social function of academic institutions would be 
compromised if academics could be sacked as easily as if they 
were workers at, say, a building site, which would often be a 
recipe for suppressing even constructive unorthodoxy, but it 
goes on to ask that academics themselves should appreciate the 
difficulties that must arise when universities are forced, by finan- 
cial pressures of the changing pattern of student demand, to 
think of closing whole departments. These days, circumstances 
can arise when tenure rights become threats to the survival of 
whole institutions. 

The particular value of the document, however, is that it 
carries the argument a step further than most other discussions 
of the right of tenure, arguing that the right of academic tenure 
cannot be considered in isolation. In Britain, the circumstances 
are complicated by the way in which salaries are determined; 
young people joining the academic profession win the right to 
tenure only after a probationary period, but then are placed near 
the bottom of a salary ladder which assures them of annual 
increments (supplemented, as a consequence of national nego- 
tiations with the universities, by upward adjustments for infla- 
tion). At present, British academics may be within their rights to 
protest that even with these benefits, they are badly paid. The 
council’s report, however, breaks new ground with the assertion 
that the right of tenure, necessary as a means of ensuring peo- 
ple’s freedom of enquiry, should not necessarily include the 
right to a steadily increasing salary. Academic freedom would be 
safeguarded, the report says, 1f people at odds with their depart- 
ments or institutions were assured only of some basic salary. To 
make such a system work without too much rancour, it would 
probably be necessary that the funds now dispensed as salaries 
should be earmarked as supplements paid for identifiable ser- 
vices. 

This proposal, cautiously described as a “tentative solution”, 
will not readily win converts among British academics, and will 
have the Association of University Teachers up in arms. But the 
proposal deserves a sympathetic hearing, one entirely divorced 
from the question of what the basic salary should be (or whether 
present starting salaries are too low). The side effects of a 
change ın this direction also would include other benefits, not 
least (under present circumstances in Britain) the increased 
freedom of universities to spend resources flexibly. Properly 
handled, the concept that academics joining an institution are 
paid a basic salary, and extra only to the extent that they contri- 
bute to their institution’s economic activities, could be dignify- 
ing Of the academic profession and not demeaning. So, too, 
would be a break with the present British convention that all 
academics should be paid the same, however successful (or 
unsuccessful) their institutions may be. o 
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Tsukuba University 


Turmoil over treatment 
of foreign staff 


Tokyo 

INTERNATIONALIZATION IS a word very 
much in vogue in Japan; whether it refers 
to the yen and money markets or to the 
emergence of a new kind of Japanese who 
is equally at ease drinking cocktails in New 
York or saki ın Tokyo. Internationaliza- 
tion of university education too is also 
much talked of. But recent events at Tsu- 
kuba University suggest that there is some 
rough going ahead. 

It is claimed that four foreigners at the 
university, who have lost their jobs, have 
been shamefully discriminated against by 
university authorities. One of them, a Ko- 
rean national, Professor Dong-jin Kang, 
has taken the ultimate step of suing the 
university. The first major court hearing 
will take place next week but a final ver- 
dict is not expected for two years. 

Paradoxically, the problems expen- 
enced by the four foreigners — a West 
German, a Taiwanese, a Korean and an 
American — stem from changes ın the law 
enacted in 1982 which finally made it 
possible for foreigners to be employed as 
tenured staff at state universities. Taking 
advantage of the new law Tsukuba Uni- 
versity decided to give tenure to some 
foreigners. But it was also decided that 
henceforth no foreigner without tenure — 
that is thirty or so foreigners on contracts 
renewed each year — could stay for more 
than’ four years. Foreigners who had 
already been there longer than that were 
thus in effect dismissed. But four of them 
— all with exceptional academic records 
— were, they believe, repeatedly assured 
by senior university staff that they were to 
be given full tenure when their one-year 
contracts expired. They were told not to 
look for work elsewhere. But when the 
contracts ran out they did not receive the 
expected job nor a letter of explanation, 
simply a form of application for severance 
pay that signalled that they were now un- 
employed. 

Among the four foreigners Professor 
Kang appears to have received the most 
frequent and definite assurances of con- 
tinued employment. He now sits in his 

‘office —- which he occupies only because 
of his success ın gaining an injunction to 
prevent the university throwing him out — 
looking angrily through the many pages of 
detailed notes he took of the promises 
given at interviews with senior university 
staff Why, he asks, for what purpose, was 
he so cruelly deceived? His academic 
reputation is considerable — he has pub- 
lished 15 books and more than a hundred 
articles — and he would have been able to 
find work elsewhere if given honest warn- 
ing. He ts a very angry man. Previously he 


had “never thought of anything but his 
own academic work”, but now he is deter- 
mined to fight, because, as he puts it “as a 
human being I cannot permit people to 
take my hand, shake it and lie to me ”. The 
reference is to a meeting he had just a few 
weeks before he lost his job at which he 
claims two of the university’s five vice- 
presidents promised that all was well. 

Professor Margarete Sawada — a West 
German with a Japanese husband — tells 
a similar tale. Other members of staff cor- 
roborate much of what she and Professor 
Kang say. And that both professors’ 
names are on this year’s lecture schedule 
suggests that many thought their con- 
tinued presence certain. Professor Sawa- 
da is now unemployed, but is not taking 
legal action. 

The president of the university, Profes- 
sor Nobiyuki Fukuda, a distinguished 
physicist who spent some years in the Un- 
ited States, and a fluent English speaker 
well known for his international views sees 
recent events differently. He is not himself 
directly responsible for appointments: in- 
deed, the Tsukuba constitution specifical- 
ly prevents him from being so. He plainly 
regards it as extremely strange that any 
foreigners should have felt assured of 
permanent employment. He explains that 
a new post can only be created after a 
specialist committee has shown the need 
for a new post; candidates have to be in- 
terviewed before a selection committee 
can do its work. And even at that late 
stage all is not certain —if the budget does 
not come through then the appointment 
may still be cancelled. The president 1s 
adamant that Professor Kang’s appoint- 
ment has never been discussed at a re- 
levant university meeting he has attended. 
“Powerful professors may have given 
affirmative responses” to Kang’s en- 
quiries, he says, but that just means he had 
“supporters but not a job”. 

Has there then been a simple misunder- 
standing? Many university staff, foreign 
and Japanese, think not. Professor Fuku- 
da’s term of office at Tsukuba is nearly 
over and soon elections will be held for a 

“successor. It 1s acommon view that it is the 
proximity of this election that accounts for 
recent events. The unrversity has a reputa- 
tion for in-fighting, perhaps because its 
progressive new constitution did away 
with the “chair” and “faculty” system and 
thus removed some of the time-honoured 
ways of dealing with disputes Some feel 
that the allocation of university posts has 
now become too important a weapon in 
university power struggles for mere fore- 
igners to be any longer considered for 
them. One vice-president who supported 
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the view that foreigners fit for full-time 
posts should get them and who had fought 
for tenure for the foreigners was fired 
from his post as vice-president. 

Foreign lecturers also point to other dis- 
couraging events. Some who were once 
told they were to be treated in “just the 
same way as Japanese” find they are no 
longer welcome at council meetings, even 
as non-voting observers, nor are they now 
permitted officially to be responsible for 
supervising the thesis work of final year 
students. And another vice-president was 
recently reported as saying that “fore- 
igners should not teach something a 
Japanese could teach and that long-term 
employment should only be bestowed on 
foreigners who are Nobel prize candi- 
dates”. Small wonder then that many fore- 
ign teachers are wondering whether they 
really count for much at Tsukuba. 

The rule limiting employment to four 
years 1s seen as particularly repressive. Its 
justification is that it is better to have a 
large number of different teachers than a 
few who stay along time. But if that is true 
why not insist all staff —— Japanese and 
foreign alike —- are replaced every four 
years? Clearly the policy would be dis- 
astrous. The rule only makes sense to 
someone who sees foreigners as different 
species from the Japanese; not to be tre- 
ated as equal and responsible members of 
the university staff. 

The rule also ignores the emergence of 
a quite new breed of foreign teacher. Not 
so long ago many foreign teachers in 
Japan had no intention of remaining for 
any length of time. But now graduates 
with a particular academic interest in 
Japan’s language and culture, plus an abil- 
ity to speak Japanese and as often as not a 
Japanese spouse, are common. These 
people are willing to give the commitment 
that a good university needs. 

It is a pity that the atmosphere at Tsuku- 
ba should have been soured in this way for 
it is by far the most international of the 
state universities. Five per cent of its stu- 
dents are foreign, there are more than 
thirty foreign lecturers on short-term con- 
tracts and many facilities are specially de- 
signed to make it easy for foreigners to 
come and study. Nothing lke this has 
been achieved anywhere else and there is 
much to be proud of. To Professor Fuku- 
da, the view that Tsukuba is becoming 
more parochial and xenophobic is “non- 
sense”. And he firmly proclaims that “in- 
ternationalization” 1s Tsukuba’s greatest 
goal. But curiously just as the news of 
goings on at Tsukuba began to reach the 
press, an article appeared proudly stating 
how Prince Hiro, the Emperor’s grand- 
son, who has spent two years doing re- 
search at Oxford University, has been tre- 
ated “just like anyone else” during his 
stay. If that seems close to the true mean- 
ing of “internationalization” then some 
further thought is needed about the direc- 
tion Tsukuba University is taking. 

Alun Anderson 


466 


AIDS 


NEWS 


More for research and treatment 


Washington 

MOouNTING concern over the epidemic of 
AIDS (acquired immune deficiency syn- 
drome) has prompted Congress to add 
large sums to the administration’s prop- 
osed budget for combatting the disease in 
fiscal year 1986. which started on 1 Octo- 
ber. The Housz of Representatives has 
already passed an appropriation bill that 
would allocate $189.7 million for re- 
search, prevention and treatment, $70 
million more than the administration’s re- 
quest and double what was spent last year, 
and the Senate appropriations committee 
last week voted to allocate a total of $219 
million to the disease. 

Much of the extra money for AIDS 
would go to the National Institutes of 
Health (NIH); the House has earmarked 
all of its $70 million increase for NIH, 
whereas the Senate committee spread its 
bounty between NIH ($128 million), the 
Center for Disease Control ($62.9 mil- 
lion) and the Alcohol, Drugs and Mental 
Health Administration ($12.7 million). 
The $16 million remainder in the Senate’s 
allocation was voted to support a special 
fund to be administered by the Secretary 
of Health and Human Services for demon- 
strating AIDS treatments. The Senate bill 
has yet to pass the floor, but is not ex- 
pected to be challenged on its provision 
for AIDS and the small differences with 
the House will zhen be settled. 

The total appropriation for NIH in fis- 
cal year 1986 is likely to come out at about 


$5,460 million, $810 million more than the 
President’s request and $1,000 million 
more then the budget for the current fiscal 
year. This assumes no major attempt to 
make cuts on the Senate floor. The num- 
ber of extramural research grants agreed 
by the Senate committee for 1986 — re- 
cently a bone of contention with the admı- 
nistration — is 6,000 the same as the num- 
ber of multi-year competitive grants this 
year. Tim Beardsley 
è A US Public Health Service (PHS) plan 
for prevention and treatment of AIDS 
published recently is markedly more pes- 
simistic in its assessment of prospects for a 
vaccine or therapy than was ex-Secretary 
of Health Margaret Heckler last year. In 
contrast to Heckler’s prediction that a vac- 
cine would be available within two or 
three years, the PHS plan concedes that 
“itis unlikely that a vaccine to substantial- 
ly limit transmission will be generally 
available before 1990”. 

The plan sets goals of reducing the in- 
crease in transmission of AIDS virus by 
1987; of reducing the increase in disease 
incidence by 1990; and of eliminating 
transmission of the virus by the year 2000. 
Edward Brandt Jr, the former assistant 
Secretary of Health who organized the 
PHS executive task force on AIDS, de- 
fended the goals as realistic but admitted 
to some doubts over whether the goal for 
the year 2000 would be totally achievable. 
Nevertheless, he said, progress indicates 
that “we’re on the right track”. CJ 


New US policy on data security 


Washington 

THe White House has announced an 
administration-wide policy of relying ex- 
clusively on national security classification 
as a means of controlling access to fun- 
damental research data. Universities and 
laboratories have been waiting anxiously 
since the propdsal was first announced in 
May 1984 by =dith Martin, then Deputy 
Under-Secretary of Defense for Research 
and Engineering. 

The Department of Defense (DoD) 
already has in place a policy of placing no 
restrictions other than security classifica- 
tion on fundamental research data; never- 
theless, the 16-month delay in making the 
policy general is widely attributed to 
opposition within certain factions of DoD 
—- notably the international security policy 
division — to any loosening of DoD’s pow- 
ers to restrict the flow of research data to 
the Soviet bloc. The new policy takes the 
form of National Security Decision Direc- 
tive 189. It declares that “to the maximum 
extent possible” the products of fun- 
- damental research are to remain unres- 
tricted; where controls are necessary, clas- 
sification is to be the applicable technique, 


with each government agency responsible 
for determining whether to classify its re- 
search projects before making awards and 
to review periodically the status of all their 
research grants. 

As most universities do not allow classi- 
fied research on campus, the new policy 
should ensure that secrecy controls are not 
applied retrospectively to campus re- 
search. 

Nevertheless, the victory for the univer- 


‘sities may be largely symbolic, since few 


agencies other than DoD support much un- 
classified fundamental research that might 
have been restricted: administrators at the 
Department of Energy, for example, are 
said to be wondering what they should do 
in response to the directive. 

Robert Rosenzweig, president of the 
Association of American Universities, cau- 
tions that the directive does not address 
one of the universities’ current major con- 
cerns: DoD’s policy of applying export con- 
trols to sensitive but unclassified data aris- 
ing from research that is not considered to 
be fundamental. On this topic there is “still 
a dialogue”, according to Rosenzweig. 

Tum Beardsley 
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Nuclear winter 


US arms control 
policy doubts 


Washington 

Tue US Senate Armed Services Commit- 
tee heard for itself last week the evidence 
for the global climate effects of a nuclear 
war and considered policy changes that 
could arise as a result of this knowledge. 
Although the committee found the evi- 
dence convincing, it remained in doubt 
that any changes in current official arms 
control policy are needed. 

Richard Perle of the Department of De- 
fense (DoD) said that the administration 
is “indebted” to scientists for their re- 
search but their suggestions of action 
based on the fear of a “nuclear winter” are 
inappropriate. In a sometimes heated ex- 
change with Carl Sagan of Cornell Uni- 
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versity, Perle admitted that the idea of a 
nuclear winter has caused “a lot of con- 
cern”, but only provides support for the 
administration’s existing policy of bilater- 
al strategic arms reduction combined with 
increased defensive programmes (the 
Strategic Defense Initiative) and jim- 
proved “verification technologies” to 
allow accurate estimation of global nuc- 
lear forces. i 

Sagan argued that the number of US 
strategic nuclear weapons has, in fact, 
been increasing each year since the mid- 
1960s, stressing to senators that as few as 
100 nuclear explosions would have severe 
climatic consequences. Senator Barry 
Goldwater (Republican, Arizona), chair- 
man of the committee, pointed out that 
should a nuclear winter scenario be realis- 
tic, the greater accuracy of US weapons 
(current DoD thinking favours smaller 
and more accurate missiles) becomes an 
irrelevant issue. 

Perle admitted the need for DoD to 
spend money to assess more accurately a 
lower limit for the number and magnitude 
of nuclear explosions that would affect the 
climate. But he saw no need for research 
on the biological effects of nuclear war ata 
time when the physical effects are so un- 
certain. And Sagan’s conclusions that 
“drastic” reductions in nuclear arsenals 
are called for drew little response from the 
committee. Maxine Clarke 
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Disease research 


NEWS 


Tropics still a low priority 


Washington 

THE small amount of money spent by the 
United States on tropical disease research 
($100 million of an annual biomedical re- 
search budget of $4,000 million) reflects 
policy choices and not the lack of promis- 
ing avenues of research, according to an 
Office of Technical Assessment (OTA) 
report published last week. Much of the 
recent progress has been made by small 
but “highly motivated” groups of resear- 
chers. Biotechnology and new techniques 
in immunology, combined with traditional 
parasitology and infectious diseases re- 
search, make the possibilities for alleviat- 
ing the suffering caused by tropical dis- 
eases greater than ever before, OTA says. 

The report stresses the “enormous 
potential” of genetically engineered vac- 
cines, although the first of these, the 
malaria vaccine, is unlikely to be generally 
available for 5-10 years. No vaccines yet 
exist for human parasitic diseases and 
there are only a few for viral and bacterial 
diseases; biotechnology will allow safe 
and effective vaccines to be developed for 
many of these diseases. 

OTA says that insecticides are still use- 
ful in disease control, although no single 
technology is likely to be able to control 
most vectors of disease. Integrated pest 
management, a relatively new approach 
that combines biological and chemical 
methods, has not had time to prove itself, 
but OTA says that long-term solutions 
may be provided by these methods. 

OTA’s problem is how to encourage 
research in an area that has poor commer- 
cial rewards. It cites some successes, for 
example, praziquantel, a drug that has re- 
volutionized schistosomiasis treatment 
but is expensive; oral rehydration therapy 


for diarrhoeal diseases; and ribavarin, a 
drug that seems to be effective against 
Lassa fever in West Africa. But federal 
science budgets are tight and have other 
priorities; pharmaceutical companies are 
reluctant to invest in the development of 
drugs of no commercial value. 

One suggestion made by OTA ıs that 
tropical disease drugs be classified as 
“orphan” drugs, which would provide cer- 
tain statutory benefits to companies de- 
veloping them. The government could 
also guarantee the purchase of products 
and assistance im field trials, or authorize 
funds to establish a nonprofit organization 
to‘undertake research until the products 
are attractive enough for the private sec- 
tor to take over. In the short term, howev- 
er, the report suggests that a special con- 
gressional appropriations hearing be held 
to take evidence from those organizations 
that support tropical disease research and 
to identify areas where effort could be 
increased. An increase in federal funding 
or the removal of statutory limitations 
on the amount of research supported by 
the Department of Health and Human 
Services might result from such an 
investigation. 

For the 5 million US citizens estimated 
to be at risk of contracting tropical dis- 
eases, many of them in the armed forces, 
and the millions of people m the develop- 
ing countries who die as a result of these 
diseases each year, there is no immediate 
chance that the United States will channel 
more resources towards research in this 
field. Maxine Clarke 


“Status of Biomedical Research and Related 
Technology for Tropical Diseases” (OTA-H- 
258) ts available from the US Government Print- 
ing Office, Washington, DC, price $11.00 





The world’s legumes go on-line 


Witn the inauguration of an ambitious 
new database and information service, 
anybody with access to a personal compu- 
ter should be able to tune in to the world’s 
expertise on the 17,000 species in the Legu- 
minosae family. 

The legume family includes pulses such 
as peas, beans, lentils and soya, forages 
such as clover and vetches, sources of in- 
secticides and haemagglutinins, and even 
trees for timber production. To handle the 
data generated by such diversity, the 
“ILDIS” database — the International 
Legume Database and Information Service 
— was established at a workshop held at 
Southampton University last month. The 
project combines the data collected by 16 
research groups, with major contributions 
(in funds and facilities) from the Royal 
Botanic Gardens Kew, Missouri Botanical 
Garden St Louis, the University of South- 
ampton, Biosciences Information Service 


(BIOSIS) of Philadelphia and the UK Sci- 
ence and Engineering Research Council. 

The database is to include details of the 
taxonomy and chemistry of each plant, dis- 
tribution, potential agricultural uses and- 
conservation status. The information is to 
be available online from Philadelphia in 
the United States and from York in the 
United Kingdom. To ensure a wide availa- 
bility for the ILDIS data — to the arid and 
humid tropical areas where legumes are 
the major crop for instance — it will also be 
available on standardized computer soft- 
ware that can be provided by post. 

For more information on ILDIS, poten- 
tial users and contributors should contact 
the project coordinator, Dr Frank Bisby at 
the Biology Department, Southampton 
University, Southampton S09 5NH, UK. 
The next challenge will be the largest group 
of plants — the Triticalae, including the 
grasses and cereals. Charles Wenz 
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Soviet psychiatry 


| Aiming for 


rehabilitation? 


THE Soviet All-Union Society of Neuro- 
logists and Psychiatrists seems to be 
angling for readmission to the World 
Psychiatric Association (WPA). The first 
ever congress of psychiatrists from social- 
ist countries, held in Moscow last month, 
was used by several Soviet psychiatrists 
and their Comecon colleagues to drop 
appropriate hints. The Soviet Union res- 
igned from WPA in January 1983, pre- 
empting a motion of exclusion tabled for 
the World Psychiatric Congress in Vienna 
the following July. Subsequently, the 
Cuban, Bulgarian and Czechoslovak asso- 
ciations resigned also. 

The motion of expulsion was a reaction 
to a growing body of evidence on the 
Soviet misuse of psychiatric methods and 
psychotropic drugs for the repression of 
political dissidents and religious believers. 
Last month’s Moscow congress was used 
by the participants to deny these reports. 
WPA was said to have launched a “cam- 
paign of slander” against the Soviet Union 
and its allies. According to a Czech 
psychiatrist, Dr Jozef Pogady, “man- 
ifestations of disease which are clear to 
specialists were withheld, distorted and 
presented in the light needed by the orga- 
nizers of the campaign” to create an 
“appalling myth”. He was, presumably, 
referring to “creeping schizophrenia”, a 
disease unrecognized in the West, but 
which, according to its “discoverer”, Pro- 
fessor Aleksandr Snezhnevskii, exhibits 
no symptoms apart from political or reli- 
gious or nonconformity. In view of this 
major difference in outlook, dialogue be- 
tween the two psychiatric “camps” would 
seem futile, and the Moscow congress may 
well turn out to be a first step in estab- 
lishing a Socialist Psychiatric Association. 

For the moment, however, the Soviet 
psychiatrists seem more keen to reastab- 
lish their reputation with WPA than to set 
up an alternative. Accordingly, during the 
recent congress, the deputy director of the 
Serbskii All-Union Research Institute for 
General and Forensic Psychiatry (a source 
of many diagnoses of “creeping schi- 
zophrenia”), stated that Soviet psychiatry 
stands “in defence of human rights”, while 
Dr Johannes Neumann of the German 
Democratic Republic claimed that since 
the 1983 World Congress, WPA’s lead- 
ership had become “more fair and objec- 
tive”, and that an increasing number of 
member countries of WPA rejected the 
allegations of Soviet psychiatric abuse. 

Although normally considered a hard- 
line country, East Germany did not with- 
draw from WPA in 1983 and Dr Neumann 
is now a WPA vice-president. He would 
therefore be an obvious intermediary if 
the Soviet Union were to seek readmis- 
sion to WPA. Vera Rich 


French budget 


NEWS 


Science spending still in vogue 


FRENCH scientists are to benefit again 
from the strong political support piven to 
research in France since the present 
socialist government came to power in 
1981 — but some will benefit a good deal 
more than others. That is the message of 
the 1986 government budget announced 
by Prime Minister Laurent Fabuus late last 
month, a budget in which real civil re- 
search funding will mse by around 8 per 
cent, while the total government budget 
will remain constant or even decrease. 
The government’s target of 3 per cent of 
gross national product (GNP) for the 
national research and development 
budget will be reached “without doubt” by 
the end of the decade, research minister 
Hubert Curen has buoyantly predicted. 
The present figure 1s 2.3 per cent, and 
Curen predicts an increase to 2 4 per cent 
next year. 

However, these and similar figures m 
the past, have hidden a number of hard 
truths. On the whole, basic research has 
fared less well politically than applied, but 
in applied sciences the new spending has 
not always been well-conceived, and a 


considerable fall in the value of the franc 
over recent years has increased the real 
cost in France of many research materials 
and equipment, most of which have to be 
bought outside in hard-currency countries 
such as the United States, West Germany 
and Switzerland. Molecular biologists, in 
particular, even those in leading labor- 
atories, consider that their budgets have 
only kept pace with the nsing costs of re- 
search. “But that’s better than many of 
our colleagues abroad”, said one. 
Nevertheless, 1986 may be different. 
Curen has taken on board the need for 
the “re-equipment™ of many French 
laboratories and set aside a special budget 
for the purpose At the Centre National 
de la Recherche Scientifique (CNRS) — 
France's leading basic research council — 
for example, next year’s spending will in- 
clude a 25 per cent increase in the budget 
for “medium heavy equipment”, CNRS 
director Pierre Papon promises “This 
means things like nuclear magnetic reso- 
nance spectrometers, infrared spectro- 
meters and minicomputers, things costing 
FF 1-2 million (£100,000-200,000)”, said 





Europe jostles for position in high-tech 


Brussels 
As part of a campaign to convince EEC 
foreign ministers of the important role that 
the European Community could play in 
promoting Europe’s high technology, 
president of the European Commission, 
M. Jacques Delors, last week gave EEC 
foreign ministers their first look at the 
Community’s new research and develop- 
ment “framework programme” for the 
years 1987 to 1991. 

The new programme, intended to ex- 
ploit the impetus given to 
cooperation by the French-inspired Eure- 
ka project, aims at striking a “new balance 
involving new topics”. The areas covered 
include: 
© The exploitation of space, mainly 
through remote sensing of resources and 
land-use in Earope and developing coun- 
tries. This would involve setting up a user- 
network and some Earth stations, and 
would complement the facilities of the 
European Space Agency. 
© The development of new energy- 
conserving and environmentally sound 
means of marine transport. 
© The use of information and telecom- 
munications technology to improve road 
transport in Europe. 
© An as yet undefined project in aviation. 
© The development of low cost education- 
al tools for distance teaching (the Delta 
project). 
© Improved research grants and social 
legislation to promote the mobility of re- 
search workers in the Community. 


For most of these proposals, Delors 
hopes to have detailed plans worked out 
before the end of 1986. 

As well as instituting new projects, the 
Commission is planning to speed up and 
extend existing EEC mes. AS a 
first step, the Esprit high-technology re- 
search programme should move into its 
next phase, involving demonstration and 
target-oriented projects. The recently re- 
launched medical research me 
should include research on AIDS (acquired 
immune deficiency syndrome) and a can- 
cer coordination project. And the biotech- 
nology should be applying the 
new techniques to the problems of agricul- 
ture. 

M. Delors sees room for, in the current 
EEC jargon, both “joint action” and “vari- 
able geometry”. An example of the latter is 
the Eureka programme, which is basically 
a French Initiative. The foreign ministers 
of the smaller EEC states (Netherlands, 
Belgium, Luxembourg and Ireland) have 
told M. Delors that they fear projects such 
as Eureka could leave them out in the cold, 
with the larger countries dividing the spoils 
between themselves. These smaller states 
are looking to the Commission to defend 
their interests and to become a focal point 
for future development of Eureka. 

EEC research ministers will take up 
some of these points in an informal meeting 
on 23 October in the run up to the next 
Eureka interministerial conference, to be 
held in Hannover on § November. 

Anna Lubinska 
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Papon CNRS spent FF 100 million (£10 
million) on such items last year. and will 
spend FF 125 million in 1986 Matenals 
science, robotics. electronics and chemis- 
try may see the greatest benefit 

Altogether, the CNRS spending au- 
thorizations will increase by 8 4 per cent in 
current francs against a predicted 3.6 per 
cent inflation. This is “a very useful and 
very important increase”, says Papon, 
which will be distributed in line with the 
CNRS 7-year strategic plan prepared ear- 
ker this year (see Nature 315, 5: 1985). 
Life sciences “which have been a priority 
for 3 or 4 years” will see “a specific effort 
in general support for laboratory meta- 
rials”, but in recent months the franc has 
improved against the dollar, easing the 
problem in this area, said Papon. 
Engineering and social sciences will also 
receive special attention 

CNRS also plans to spend more on 
valorization — the process of making 
CNRS research profitable through links 
with industry, patenting and other mea- 
sures — and to increase the budget of the 
international affairs division “especially 
for European cooperation”. This may 
take the form of more exchange agree- 
ments, perhaps with Austria and Switzer- 
land (where Papon is hoping to forge 
strong links), to complete agreements 
CNRS has now made “with every country 
in Western Europe” 

There will also be more jobs at CNRS 
— another 300 for scientists and engineers 
in 1986. And Cunen’s ministry of research 
iS aiming at the high target of 5 per cent 
annual scientific recruitment (as a propor- 
tion of present staff), to compensate for 
retirements and transfers. The immobility 
of French scientists, who rarely even stray 
from their home town, 1s still taxing the 
minister, however. 

Other points in the budget include: 

@ Spending on the Agence Frangaise pour 
la Maitrise de l'Energie (AFME), the 
French council for the support of mitia- 
tives in energy conservation and renew- 
able resources, 1s to fall 3.7 per cent in 
current francs (some 7 per cent in real 
terms), reflecting a French energy glut 
due to nuclear power, and less pressure on 
national income due to lower oil prices. 

® The medical research council INSERM 
will receive an 8 9 per cent increase (a 
little more than CNRS). The agricultural 
research council INRA ts to get an 8.2 per 
cent increase 

® The budget of the space research council 
CNES, now developing the next, fully 
cryogenic version of the Ariane launcher, 
will be lifted another 23 per cent 

@ Funds for developing French capability 
in electronics will also mse by nearly a 
quarter (23.8 per cent). 

@ The six biggest spenders in 1986 will be: 
CNRS (FF 8.951 million); Commissariat à 
l'Energie Atomique (CEA) (FF 7,044 mil- 
hon); CNES (FF 4,210 million); INRA 
(FF 2,233 million); and INSERM (FF 
1,621 million). Robert Walgate 


NATURE VOL. 317 10 OCTOBER 1985 


Europe’s shuttle 





NEWS 


France forced to go it alone? 


A DECISION which may upset the Euro- 
pean partners of France is expected soon 
from the French government on who will 
be the prime contractor for the first Euro- 
pean space shuttle. This “manned space 
plane” is Hermes, a miniature version of 
the US space shuttle, capable of carrying 
two to four astronauts into space and back 
again. 

Hermes has been long in the planning 
by the French space agency CNES, and 
would fulfil a strategic need in Europe to 
have an independent, European means of 
placing and retrieving people in orbit, 
French space officials argue. Hermes 
would be launched by an up-graded, all- 
cryogenic version of the Ariane space 
launcher now under development at 
CNES (Ariane-5), and would have a 
payload varying from 1 ton and two men 


Hermes — still only an artist's impression. 


to 4.5 tons and four men according to 
orbit. Unlike the US space shuttle, 
Hermes will be designed to go into polar 
orbit at relatively high altitudes (800 km) 
as well as in low equatorial orbit; the fuel 
costs of reaching high polar orbit would 
minimize Hermes’ payload. The shuttle 
should carry 4.5 tons and 4 people around 
the Equator — but only 1 ton and two 
people around the poles. 

Full-scale development costs have been 
estimated at some FF 1,400 million 
(around £ 140 million). Frederic d’Allest 
CNES director-general (and president of 
Arianespace, Ariane’s commercial wing), 
has been touring Europe attempting to 
raise enthusiasm and cash for the project, 
but the French government now seems so 
committed to the project that France may 
continue alone if full backing is not forth- 
coming. Last January, the European 
Space Agency in its first full ministerial 
meeting for years “noted with interest the 
French decision to undertake the Hermes 
programme” and asked to be “kept in- 
formed” of progress. And if all goes well, 
the European Space Agency (ESA) may 
adopt Hermes as one of its “optional” 
commercial programmes (like Ariane) 





sometime next spring. at about the time 
when the agency also has to make a deci- 
sion on full participation in the US space 
station project (now in the detailed defini- 
tion phase). 

Meanwhile, France is pushing ahead 
fast in an attempt to define the French 
commercial structure behind Hermes. At 
present the battle is fittingly between air- 
craft manufacturer — Dassault — and 
Aérospatiale, which assembles Ariane 
and the French nuclear missiles the SSBS 
and MSBS. Dassault has the expertise in 
flying; Aérospatiale in re-entry technolo- 
gy (for nuclear warheads), rocket assem- 
bly and space data systems. Either could 
take the prime contractorship for Hermes 
and both are competing for it; and both, in 
principle, should be involved in its con- 
struction. 

However, there appears to be some de- 
lay in announcing the choice of prime con- 
tractor — and this may not be uncon- 
nected with the way Dassault just a few 
weeks ago scotched French participation 
in the next-generation European fighter- 





Genetic engineering 
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plane project, the EFA. After years of 
negotiation, France dropped out of the 
collaboration — which will now take place 
between Britain, West Gemany, Italy and 


Spain — arguably because Dassault 


sought the lion’s share of the work. 


(Another reason was that Dassault also _ 
had an eye on the export market, and. 


wanted a lighter plane than would have 


suited the North Atlantic Treaty Orga- 


nization’s European theatre, for which the 
EFA was primarily destined.) But what- 
ever the cause, Dassault effectively 
wrecked its European credentials over the 
EFA. There is therefore some doubt 
among European partners about parti- 
cipation with the company on another, 
even more adventurous, European pro- 
ject. 

As with the EFA, France seems likely 
to make her own, and independent, 
choice irrespective of outside pressures. 
As Roger Lesgards, president of the 
Société Européenne de Propulsion (SEP) 
that constructs Ariane’s motors, wrote re- 
cently: “It is evidently indispensable in the 
European space effort that France should 
take the first rank”. If that rank means 
Dassualt, then the feeling in Paris seems 
likely to be: so be it. Robert Walgate 


Restrictions on industry eased 


Hamburg 

Tue safety regulations for gene tech- 
nology, which were adopted in West Ger- 
many in 1978, are now being revised, with 
the intention of relaxing the tight restric- 
tions which are hampering companies 
trying to scale-up biotechnology to the in- 
dustrial level. The new regulations should 
be published early in 1986. The Federal 
Minister for Research, Dr Heinz 
Riesenhuber, hopes that these relaxations 
will help the German biotechnology in- 
dustry to become more competitive inter- 
nationally. In June of this year, he prom- 
ised the industry DM 1,000 million as sup- 
port for the years 1985 to 1989 (Nature 
316, 287; 1985). 

Until the new regulations become effec- 
tive, West German companies are allowed 
to conduct large-scale fermentations of 
transformed organisms (in vessels larger 
than 10 litres) only after obtaining special 
permission from the Bundesgesundheit- 
samt (Federal Health Office). The new 
guidelines will define general criteria and 
conditions under which large-scale fer- 
mentations are to be permitted, and thus 
prevent the unfairly harsh treatment of 
companies eager to move on to commer- 
cial production. The use of gene- 
manipulated organisms in field research 
will still only be allowed after the issue of a 
special licence, however. 

The 1978 regulations applied only to 
research projects which were financially 
supported by the Federal Research Minis- 
try, and this will remain the case for the 


new regulations. Riesenhuber, however, 
expects that all industrial concerns will 
adopt the new rules, and indeed, he has 
already received promises of cooperation 
from industrial representatives. In his 
opinion the revisions are needed urgently 
because two applications for industrial 
production capacities (Hoechst for in- 
sulin, and Bioveron for interferon) have 
already been submitted to the Federal 
Health Office. 

The new regulations have met with 
some opposition, however, and Riesenhu- 
ber has been criticized for not waiting for 
the report of the Enquéte Commission on 
gene technology, established by the Bun- 
destag in autumn 1984. The social- 
democratic chairman of this commission. 
Wolf-Michael Catenhusen, agrees that 
there is a need for new regulations, but 
says that the investigation of his commis- 
sion on safety risks should be given adequ- 
ate consideration. A first hearing took 
place at the end of September, a second 
hearing on questions of safety in the 
licensing of genetically modified organ- 
isms will take place on 21 October, but the 
Commission will decide the matter only at 
the end of 1986. 

The Ministry for Research has stressed 
that the revised safety recommendations 
are not intended to subvert those from the 
Enquéte Commission. Similar, but inter- 
nationally applicable recommendations 
are being formulated by the Organization 
for Economic Cooperation and Develop- 
ment. Jürgen Neffe 

















































‘Srr—In his review of Henry Bauer's 
‘Beyond Velikovsky (Nature 25 ‘April, pp. 
692-693), Owen Gingerich claims that Pe- 
r Huber has “provided evidence from 
vionian records that Venus in 1600 Bc 
‘ed just as it did in the centuries im- 
tely before our own era” — and 
efore essentially as it does today. 
at Gingerich is trying to show is that 
ovsky's theory that Earth and other 
Jets experienced orbital changes as re- 
; as twenty-seven centuries ago must 
alse. The Venus or Ninsianna tablets 
o which Huber and Gingerich are refer- 
‘ing record invisibilities of Venus at in- 
erior and superior conjunctions over a 
number of years. But the lengths and spac- 
ngs of those invisibilities are grossly in- 
-ompatible with what is seen today. This 
fact was discussed by Velikovsky in 1950 
. (Worlds in Collision, pp.198~-199), as evi- 
dence supporting his theories. 
-As far as I know, no serious investigator 
of Velikov sky’s theories has ever Na 
hard to discredit the Babylonian data”, 
Gingerich claims. On the contrary: 
Raymond C. Vaughan and I, in a series of 
_ publications going back to the early 1970s, 
have worked to vindicate the Babylonian 
_ data. Those who want to discredit the data 
_are precisely people like Gingerich and 
Huber, who have to reject about two- 
_ thirds of the data. (See Kronos X:2, pp. 1- 
12.) When these records are taken 
seriously and are analysed in terms of the 
orbits that they imply, one of the findings 
is that Earth was on an orbit whose eccen- 
tricity was at least five or six times the 
present value. Thus the Babylonian 
observations of Venus or Ninsianna 
strongly support Velikovsky’s theory that 
Earth has undergone catastrophic orbital 
change within historical times. 
a Lynn E. Rose 
tate University of New York, 
epartment of Philosophy, 
Idy Hall, 
ufi alo, New York 14260, USA 





























































ice of star wars 


~The primary aim of President 
gan’s Strategic Defense Initiative is to 
; Soviet Intercontinental Ballistic 
sles with particle-beam (or other 
ristic) weapons during the boost 
. At this stage, missiles from, for 
ice, the major Soviet launch site at 
tsk are likely to be near the Finnish 
r. A successful strike will either 
ge the guidance electronics or deton- 
the high-explosive trigger of the nuc- 
‘lear warhead (without necessarily causing 
a nuclear explosion). Either action could 
‘direct radioactive material onto Europe; 










































oA Soviet first ue aan involve 


















these, each containing about 10 kg of 
plutonium-239 (half-life 2.4 x 10° yr), dis- 
integrate (without a nuclear explosion) in 
the Northern Hemisphere, about 10° 
lethal doses (if inhaled or ingested) of 
radioactive material will be released — 
about 5.000 per person in the Northern 
Hemisphere. Is this not a high price to pay 
for the President's star wars dream? 

R. V. HARROWELL 
Derai Cardinal's Green, 
Horseheath, Cambridge CBI 6QX, UK 





Sahel famine 


Sir— As a layman, I suggest that the plan 
by A. R, E. Sinclair and J. M. Fryxell (see 
Nature 5 September, p.13) for the recov- 
ery of Sahel fertility omits two essential 
items. First is the need for political stabil- 
ity and second for social approval of the 
proposals. In a previous major incident, 
the treatment of the dustbowl in the south- 
ern plains of the United States in the 
1930s, the political stability was there but 
social acceptance was not, and recovery 
was organized by agronomists and not 
ecologists. 

Man is not forced to accept traditional 
solutions to his problems; his nature en- 
ables him to invent new ones. 





E. NICHOLL 
Llangwmville, 
Llanrothal, 
Monmouth NPS 3QL, UK 
’s perf 
Japan’s performance 


Sin—In their illuminating Commentary 
(Nature 316, 587; 1985) based on a com- 
parative study of the scientific perform- 
ance of major industrialized countries, 

Irvine, Martin and Turner repeatedly 
emphasize the remarkable achievements 
of Japan in terms of both publication and 
citation over the period 1973-82. I wonder 
whether their praise is justified. They give 
only the percentage increases of the share 
in publication and citation (40 per cent 
and 65 per cent respectively) and 
apparently base their conclusion on these 
numbers. The ratio of two numbers can 
become large for two distinct reasons; 
either the numerator is large or the de- 
nominator is small. The percentage in- 
crease can look unduly large for some 
non-intrinsic reason, for example Japan- 
based literature is less comprehensively 
surveyed in 1973 than in 1982, or the share 
itself is so small that its small increase 
leads to a large percentage increase. For 
the purpose of learning whether such fac- 
tors have to be remembered in accepting 
the conclusion, I request the authors to 
publish the share of individual countries 
either for the year 1973 or 1982 or for 


| both. 
-the explosive action would also scatter | 
: radioactive elements into the atmosphere. : 
l some | 

t of | Toyonaka 560, Japan 


KATUHISA SUZUKI 
Department of Physics, 
Osaka University, 








Over-exposure? 
Sir—-Narure has gone too far this time — I 
refer to the article on volcanism in the 
South Pacific (Nature 316, 507-511; 1985), 
with 19 authors from 18 institutes. 
Altogether the title of the article and names 
and addresses of the authors occupy 50 per 
cent of a page. over 10 per cent of the total 
article. For what purpose? A cynical re- 
viewer might suggest the intention was 
that the maximum number of scientists, 
and for that matter institutions, should get 
referable exposure in Nature. Nature col- 
umn inches are extremely valuable and 
are surely designed for communicating 
science. Are they being subverted for self- 
promotion? JOHN PALFREYMAN 
Department of Molecular 

and Life Sciences, 
Dundee College of Technology, 
Bell Street, Dundee DDI IHG, UK 


PhD theses 


Sir—I am not sure whether Beverley Hal- 
stead’s statement (Nature 29 August, 
p.760) that “if the material is not suitable 
for publication, then it was not worth 
doing in the first place” would find favour — 
with those who spend many years pain- 
stakingly developing a new area before it 
can yield publishable results. This should 
not, however, be a task for a PhD student, 
and so the requirement suggested by Dr 
Halstead for academic publication before 
the reward of a PhD seems reasonable. 

But were this to be insisted on, some 
measures would have to be taken to en- 
sure that students were given projects that 
stood a reasonable chance of success given 
sufficient talent and enthusiasm on the 
part of the student. The departments of 
our universities are full of postgraduates -. 
working under inadequate supervision on — 
projects that have little hope of success. 
Supervisors too often seem to regard the. 
arrival of a student as an opportunity to — 
move into a new field with which they 
themselves are not familiar and to which 
they would not devote their own efforts. 
The end result is frequently a poor thesis, 
cobbled together from bits and pieces, or, 
worse, a failed and disillusioned student. _ 

A few years ago, the Science and En- - 
gineering Research Council published a- 
small booklet called A Guide to Good Su- 
pervisory Practice. Its contents were _ 
aimed at both supervisor and student. It 
contained a number of suggestions whic! 
if thoughtfully applied, would help to ea: 
the labour pains involved in the produ 
tion of that troublesome yet coveted ch 
the PhD thesis. It is sad that, all too ofte 
one or both of the involved parties have 
less interest in the birth than might have > 
been expected given the difficulties in the = 
gestation. P.A.LunNp © 
Department of Biochemistry, 

University of Bristol, Medical School, 
















| University Walk, Bristol BS8 ITD, UK 






















he 1920s as that of a crystallographer. 





~The trouble that Pauling’s article will now 
-` stir up is simply that it denies the need for 
speculation about “a new kind of matter” 

to explain observations of 5-fold rotation- 
i symmetry in the structure of solid speci- 








mens of a manganese—aluminium alloy. 


made in small quantities 


ray diffraction in the appropriate direc- 


tions yields patterns of spots with clear 


5-fold symmetry. The observations have 
been repeatedly confirmed and ingenious- 
ly explained by the notion of quasi- 
-< ¿crystalline matter. For all practical pur- 
= poses, Pauling now says that these 
“schemes are unnecessary. 
~The elementary textbooks carefully ex- 
plain why the only kinds of rotational sym- 
-oometry consistent with the translational 
symmetry of a crystal lattice are those with 
_2-,3-, 4- and 6-fold axes. Five-fold sym- 
metry axes are ruled out because if rota- 
tion by a fifth of a full circle will leave the 
crystal lattice unchanged, rotation by two- 
< fifths of a full circle will not. But Levine 
_ and others have sought to construct three- 
_ dimensional atomic frameworks for solid 
‘materials by a technique recognized, after 
¿the event, as a generalization of the Pen- 


rose covering of the two-dimensional | 


. plane with tiles shaped like one or other of 
» .. two distinct rhombi (see Nature 313, Brae 
. The Penrose tiling has some strict 5-fold 
-axes of symmetry (of rotation perpendicu- 
lar to the plane). Moreover, all edges 
marking the boundaries between tiles 
~- have orientations belonging to a finite set 
< -Of directions in the plane. The price paid 
for pentagonal symmetry is that strict 
translational order is lost. 
<- — These are hallmarks of the “quasi- 
< erystal”, as elaborated during the past 
| year. A three-dimensional framework of 
atoms can be built so as to have true 5-fold 
symmetry, because in Penrose tiling 
neighbour-neighbour bonds have fixed 
_. orientation but translational periodicity is 
ke replaced by quasi- periodicity. All lattice 
: points are specified as-integral combina- 
4 ctors with lengths incommensu- 














~The first observations were reported at 
_ the beginning of last year by Schechtman 
< etal. (for this and other references, see 

Pauling’s article). The alloy, which in 

composition approximates MnAl,, is 
by fast- 
quenching molten metal. Most simply, X- 


nus s Pauling has produced an alternative explanation of the observation that solid mangan 
aluminium alloy may have 5 -fold symmetry on the atomic scale. How can the two views be recanti 


Dr Linus Pauling, the long-standing sub- 
‘versive, has once more thrown a cat 
‘among some pigeons. His article on page 
512 of this issue is several things, but not 
least a reminder that his career began in 






























































that the theories are quite fun. 


tal structure out of thin air. 


parted to that of the structure as a whole. 


known icosahedral 


regular pentagons, but apart from the 5- 


3-fold axes through each vertex. 

The conceptual model-building from 
this point on depends to some extent on 
the happy chance that the tetrahedral 
angle (109.47°) is not very different from 
the included angle of a regular pentagon. 


icosahedron shares four faces with others. 


that five icosahedra can make a ring, or 
that twenty can yield a structure with the 
symmetry of a dodecahedron. 


markably, the predicted positions are 
those determined by the simplest guess 
about the radii of the cores of manganese 
and aluminium. That the intensities of the 
spots should also vary systematically as 
predicted by the model is a clinching piece 
of circumstantial evidence. 

So is the Schechtman alloy a regular 
crystal in the Pauling mould, or a quasi- 
crystal as described by Levine and others? 
There is no doubt that the observations 
are unshakable evidence of 5-fold sym- 
metry and that the symmetry extends over 





rate with each other. It is generally agreed have | dimensions : “measured. 


_rometres. Pauling, on the other h ; 
Pauling’s approach is classical and scep- | 


tical. Why not, instead, see what tradi- 
tional model building might accomplish? 
| Quite apart from the significance of the 
result, the argument is an illustration of 
how intuition, experience and apparently 
universal knowledge can be used to 
fashion a complicated and unknown crys- 


| manganese—aluminium alloy with 
- Schechtmann composition to form 


tens of angstroms, resemble that 
dodecahedron. On Pauling’s model, t 


The interdiction against 5-fold symmet- 
ry in crystal lattices does not of course 
imply that atomic arrangements, mole- 
cules perhaps, with 5-fold symmetry, can- 
not form solids but merely that the sym- 
metry of the groupings cannot be im- 


So Pauling starts with simple structures 
which do have 5-fold symmetry, the 
intermetallic com- 
plexes such as that of tungsten and alumi- 
nium. The 5-fold symmetry of a regular 
icosahedron. is self-evident in that the 
twelve faces of this regular polyhedron are 


fold axes through each face, there are also 







able. to suppose these structures growing 


To give the material a chemical composi- 
tion corresponding to the Schechtman. 


- reconciled? Pauling has one practical sug. 
alloy, Pauling assumes each elementary 


gestion: more accurate X-ray diffracti 
measurements with monochromatic. 
By bending the angles a little, he shows |- rays so as to be able to index a much larg 
a accurately to compare prediction — 


| observation. If such experiments confir 
For the Schechtmann alloy, what mat- 


ters most, in Pauling’s argument, is that 
the spots on the diffraction diagrams cor- 
respond to those the model predicts. Re- 


_ for the intuitive crystal model- building 
the traditional kind. 


an example of a quasi-crystal structure | 


to assemble all the atomic coordinates of 


out that the two descriptions are b it 
rent ways of describing the sam b 
arrangemi nt? That would Save i 


regions large enough for the diffraction 
spots to be sharp. which leads to the esti-. | 
| mate that the microcrystals responsible 



















shown how it would “be natural 













arrangements which, on the scale of so 


structure would form a regular crystal wit 
a cubic unit cell of dimensions 26 A. O 
way of visualizing the result is. asa seri 

concentric shells built up of icosahed 
sharing common faces which, becaus: 
their inherant trigonal symmetry, ar 
arranged in space relative to each othe 
much as are the carbon atoms in diamond. | 
But then, the argument goes, because of 
the strain entailed in bending the tet 
rahedra into pentagonal angles and, more 
important, the twisting involved in form 
ing chains of icosahedra into close rings 
the time comes when it is energetically. 
advantageous to start building a new crys- 
tal on-each of the twenty faces of the 
underlying dodecahedron. The result, : 
Pauling says, should be a speck of solid 
material built from a seed with dimensions 
of the order of 100 A supporting up to 20. 
crystal twins, each with a different 
orientation. Given the size of the under. 
lying structure, it may not be unreason 




































to micrometre dimensions. 
«So how are the two structures 
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numberof diffraction spots and then mo 


hisi ingenious model, it will seem a trium 

























-H the Schechtman alloy is not, after à 


the sense introduced by Levine. whei 
should people look for realizations ol 
structures of that novel kind, which ai 
not inherently implausible? And what Fi 
lationship is there between the atóm 
framework that Pauling has built on paps 
and that suggested by the advocates. i 
quasi-crystals? It would be a gigantic tas 


crystal in the Pauling mould; might it eve 
be that. if there were done. it wot 





Cosmology in the laboratory 


from T. W. B. Kibble 


\r FIRST sight it may be surprising that 


seful information about the processes | 


eading to the formation of the largest 
tructures in the Universe could come 
rom small-scale laboratory experiments. 
fet just such a bold proposal ts made by 
W. H. Zurek on page 505 of this issue’. 
The proposed experiment is a very 
imple one. Apply a rapid pressure 
‘quench to a sample of liquid helium in an 
ninular container to take it quickly 
hrough the transition from normal ‘to 
perfluid. Zurek predicts that the sample 
will acquire a random non-zero circulation 
Jelocity which should be readily measure- 
able. If confirmed, this will be of consider- 
able interest in its own right in terms of the 
physics of superfluids, but the motivation 
for the proposal comes from the need to 
‘test our ideas about cosmic strings — a 
remarkable example of fruitful fertil- 
zation between very diverse disciplines. 
o Phase transitions occurring in the very 
early stages of the history of the Universe 
_(only a fraction of a second after its birth) 





may generate various topologically stable. 


defects’ such as monopoles, domain walls 
and in particular strings, which are analo- 
_ gous to the quantized vortex filaments in 
superfluid helium or the flux tubes in 
superconductors. It was suggested by 
el'dovich that these cosmic strings might 
provide the initial density perturbations 
that lead to gravitational condensation of 
galaxies. This idea was refined by 
enkin*’ and others into a very attractive 
ory of galaxy formation. Recent, as yet 
iblished, work by Turok has shown 
t it-can explain rather well the correla- 
as of large clusters. The theory de- 
ids, however, on an assumption about 
- density of strings produced at the 
ase transitions’, which is of course 
e inaccessible to direct observations. 
rek’s idea is to test the assumption on 
yerfluid helium: 
‘hen liquid helium undergoes the tran- 
on from normal to superfluid, the com- 
¿order parameter y, which can be 
ght of as the wave function of the 
e condensate, acquires a non-zero 
lue. H the transition is sufficiently rapid, 
> phase of y will vary randomly from 
e region to another and vortex lines will 
produced. These are trapped regions 
yund which the phase varies by a mul- 


: le of 2m. Since the superfluid velocity is 












proportional tothe gradient of the phase, 
the lines carry quantized vorticity. 


The vortex lines.once produced will 
‘evolve rapidly and leave no direct evi- 


dence of their initial distribution. But . 
urek points out that if an annular — 
geometry is chosen, there may be a non- - 
ero net circulation around the annulus. | 





Because vorticity js quantized, this flow 


| the CF gene and the PON gene for the 


“ished as vol. 40 of Cytogen. Cell Gen, this year. 









tant differences. Most significant is the —_ 
fact that the symmetry involved in the 
superfluid case is a global one, not a local 
gauge symmetry. In particular, there is no 
gauge field coupled to the relevant cur- 
rent. In this respect. a better analogue 
would be a flux tube in a superconductor. 
It would be fascinating if one could per- 
form the Zurek experiment in a supercon- 
ducting ring, but it might be very hard to 
induce a sufficiently rapid transition. In 
helium, the existence of another thermo- 
dynamic variable,the pressure, is crucial. 
Magnetic field could not be used in a simi- 
lar way, because the goal would be to 
generate magnetic field spontaneously. 
Particle physicists and cosmologists will 
eagerly await the results of the Zurek 
experiment. The expected positive result 
would be a considerable boost for the 
-string theory of galaxy formation. E 


will persist and may lead to a circulation 
velocity in the superfluid of the order of 
millimetres per second, which should be 
readily measurable. 

Even if this prediction is confirmed in 
relation to superfluid helium, why should 
we believe that it tells us anything about 
cosmic strings? After all, the transition 
temperatures differ by factor of perhaps 
10". The answer lies in the universality of 
behaviour near a phase transition. Liquid 
helium is well described qualitatively by 
the Landau—Ginsberg model. The relativ- 
istic version of this is the Higgs model, the 
paradigm for discussions of spontaneous 
symmetry breaking in field theories. Pro- 
vided the symmetries of the problem are 
the same, we expect the same qualitative | 5. Vilenkin. A. Phys. Rev. 24, 2082 (1981). 

* ‘ * : i; ? se 337 {148 
behaviour, despite the very different $ Karem. A & Turok N. Phys. Rev. Len $4 1868 (1985) 
scales. Vortex lines should be a good ana- 
logue of at least one class of strings. 

With regard to the most popular type of 
cosmic string, however, there are impor- 
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Human genes 


Mapping hereditary disorders 


from Albert de la Chapelle 





reliability of the linkage, the ‘lod score’, is 
3.38, where lod scores in excess of 3.0 are 
considered ‘formal proof’ of linkage. The 
data suggest that the genes for CF and 
PON are located approximately 10 re- _ 
combination units apart on the same, so. - 
far unidentified, chromosome. Once the 
PON gene has been cloned, it should be 
possible to determine the chromosome 
and band where it and CF are located _ 
by the methods of classical somatic-cell — 
genetics or in situ hybridization. Then 
chromosome-specific libraries will be ~ 
screened for closely linked probes, which ~ 
should lead more quickly to the CF gene .. 
than chromosome ‘walking’ or ‘hopping’. 
from PON to CF, since the genetic dis- 
tance of 10 recombination units is long, ~ 
corresponding to some 10’ base pairs. g 
if the CF-PON linkage is confirmed, it ` 
will certainly represent a breakthrough in `- 
CF research but, unfortunately, the POD 
phenotypic polymorphism is quantitativ 
rather than qualitative. It remains to b 
seen how much overlap there is in the » 
observed biomodal distribution of parox- 
onase concentrations in the plasma and — 
whether it is really due to alleles at the | 
structural PON locus. a 
Another inherited disease of unclear — 
aetiology and pathogenesis is adult poly- - 
cystic kidney disease (PKD1).Its gene fre- . 

| quency is approximately 1 in 1000 and, as ~ 


Tue rate of progress with which human 
genes are being allocated to identified re- 
gions of individual chromosomes is rapid. 
In four years, the number of mapped 
genes has increased nearly three-fold to 
over 900, Sixteen mapped genes had been 
cloned four years ago; the present figure is 
249. And the number of regionally local- 
ized DNA segments (‘probes’) that are 
not known to represent genes but are an 
important aid to mapping has risen from 
some 50 to over 800. These figures were 
the raw facts of a recent workshop* that 
illustrated how knowledge of the human 
gene map helps to clarify the molecular 
basis and pathogenesis of many mendel- 
jan disorders. Moreover, with the aid of 
the gene map, disorders can be diagnosed 
before they are molecularly understood. 
Cystic fibrosis (CF), one of the most 
common recessively inherited mendelian 
disorders of Western populations. has an 
incidence at birth of approximately 1 in 
2000 (with a remarkable gene carrier fre- 
quency of about | in 20). Nevertheless, 
ignorance about the CF gene has been 
virtually total. The first lead, reported at 
Helsinki, is evidence of a linkage between 


enzyme paroxonase '. The measure of the 


ere einen arene mel fh Th tle pama. 








“The Eighth International Human Gene Mapping Workshop. _ 
Helsinki. Finland, 4-10 August. 1985. Proceedings will be pub- 
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s dominantly inherited. the incidence of 
e disease equals the gene frequency. A 
lose linkage between PKDI/ and the a- 
‘globin gene was reported in Helsinki’ 
ind is published on page 542 of this issue’. 
-Thus PKD1/ must reside on the short arm 
of chromosome 16. The recombination 














< very convincing 25.85. Very close linkage 
_ to the gene for phosphoglycolate phos- 
+ phatase is also found. | 
=u These findings mean that genetic coun- 
- Selling in affected families should soon be 
possible; when probes bridging PKD/ are 
dentified, highly accurate prediction will 
e possible. Thus, as in a number of 
ther mendelian disorders, including the 
haemoglobinopathies, phenylketonuria 
and Duchenne’s muscular dystrophy, 
< diagnostic procedures may become avail- 
able before the molecular biology is fully 
<- clarified. One reason why high lod scores 
are obtained in PKD] is the existence of a 
-© ¢loned.DNA segment containing a highly 
polymorphic region close to the 3’ end of 
_ the a-globin gene cluster’. Highly poly- 
~~ morphic DNA probes (with polymorph- 
ism information content, or PIC, values 
approaching 1.0) are so useful in gene 
mapping that only a few are needed to 
map the whole genome. What “few” signi- 
fies is disputed, but for a comparatively 
brief stretch of DNA, such as the short 
arm of chromosome 16, five such probes, 
if evenly placed, would include at least 
one that was closely linked to PKDI. 
_ Presently, 13 DNA probes are mapped to 
_ chromosome 16, which is few compared 
with the 69 probes for chromosome 21, 49 
for chromosome 4 and 214 for the X 
= chromosome. 
_ ei Since many of the genes now mapped 
-+ are related to human disease, diagnostic 
_ procedures can be rapidly developed. Ex- 
amples where this should now be possible 
include von Willebrand's syndrome, 
`= whose gene is on chromosome 12 (refs 4 
< and 5) and Wilson’s disease, whose gene is 
~ mapped to chromosome 13 (refs 6 and 7). 
© _. Several genes on chromosome 19 may 
_. Serve the same purpose and extensive 
linkage data for that chromosome were 
< presented by many groups. A likely gene 
order that emerged is: familial hyper- 
cholesterolaemia, Lewis blood groups, 
mplement C3, Landsteiner—Wiener 
sod group, peptidase D, myotonic dys- 
phy, secretor, apolipoproteins C and 
S Lutheran blood group. Twenty-two 
< DNA clones, 10 of which are polymor- 
phic, are available on chromosome 19. 
~ Thus, several genes related to major dis- 
+. orders and lying within a reasonably short 
~ stretch of DNA are much more accessible 
> than they were. 
< < The proceedings of the Helsinki work- 
shop, which will be published before the 
_ end of the year as vol. 40 of Cytogenetics 
-and Cell Genetics contain listings of all 808 
-DNA clones (249 genes and 559 probes) 
) far regionally mapped. The listings con- 
































: «= distance. is 5 units and the lod score isa- 


not only a brief description of each _ 





availability and source. There is also a 
critical comprehensive listing of break- 
points involved in recurring chromosome 
aberrations associated with specific neo- 
plasms. Eighty-five such recurring break- 


points in 31 different neoplasms are now | 
known, compared with 44 breakpoints in | Human Ge i 
17 neoplasias two years ago. These break- |e Pres s 


points are important not only for under- 


standing cancer but also because they rep- 
resent a new tool for gene mapping. © 


Meteorites 





Evidence of Mar | 


from R. O. Pepin 


Gone is the old orthodoxy that meteorites | 
come only from small bodies in the Solar: 
System — asteroids and perhaps comets. 


Most do, but not all. Among the 


thousands of meteorite fragments disin- 
terred from Antarctic ice flows are three | 


pieces of the Moon, instantly recognized 


for what they are by their unambiguous | 


kinship to the Apollo lunar samples. And 


now another Antarctic specimen has 


opened up even more remarkable per- 
spectives on the possible provenances of 
meteorites. Its name, EETA 79001, may 
be prosaic but its chemical and isotopic 
signatures are not: they firmly link this 
meteorite, through data returned to Earth 
from the Viking spacecraft, to an origin 
from the surface of Mars. On page 509 of 
this issue, Ott and Begemann ask if the 
same can be said of its fellows’. 

EETA 79001 is a shergottite, one of a 


group of eight puzzling stones collectively 


called the SNC meteorites (after Sher- 
gotty, Nakhla and Chassigny, the type 
specimens for the three subgroups, see 
ref.2) They seem, on petrological, chem- 
ical and isotopic grounds, to be more 


closely related to each other than to other 


classes of stony meteorites; they are un- 


usually young — for meteorites that is — 
their chronology is complicated, but they | 
have probably crystallized from melts | 
within the past 1,500 Myr; and they are | 


most readily understood as products of 


differentiation within a large, thermally | 


active planet. In fact, in many of their 
general characteristics these meteorites 
look like terrestrial basalts. 
In 1979, Sherlock Holmes-like logic led 
Wasson and Wetherill’ to conclude that 


Mars was the least improbable parent | 


body for the SNC meteorites, a view sup- 
ported by Wood and Ashwal' on entirely 
inferential arguments. The breakthrough 
that transformed the basis of the entire 
debate from circumstantial arguments to 
direct and quantitative evidence was 
Bogard and Johnson’s discovery** that 


glassy nodules imbedded in the EETA 


79001 rock contain a unique noble gas 
component — unique in the sense that its 
elemental and isotopic composition 












probe. but also information regarding | |. 


12. Reeders. S.T. et al. Human Gene Mapping 8 APs 


“Albert de la hapelle is Professor of M 
Genetics, University of Helsinki, Haart 
katu 3, 00290 Helsinki 29, Finland. 





But it does resemble, in striking detail, the 


Mars. Within their respective uncertai 


_ amounts of noble gases, nitrogen and car 
_bon dioxide in the two data se 3 
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neon, argon, krypton and xenon does 
resemble that trapped in other meteori 


compositional pattern measured by. the 
Viking spacecraft for these gases in the 
martian atmosphere. es 

Bogard and Johnson’s report at once 
suggested a second experiment, namely, 
to search the EETA 79001 glass for the 
isotopically heavy nitrogen that disting- 
uishes the atmosphere of Mars from vir- 
tually all other volatile reservoirs in the 
Solar System, Such analysis’ did in fact 
reveal very large enrichments of “N in the | 


‘Ground level Mars atmosphere 


sti 
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— EETA 79001 glass 















taken b iking spacecraft. The numbe 
of particles per cubic centimetre is shown on 
a log — log plot. J 


trapped gases. Subsequent work ha 
sharpened the precision of the noble ga 
measurements’ and extended the dat 
base to include carbon dioxide’, 

The figure shows a comparison betweet 
current information on volume abun 
ances of all these gases in the EETA 7900 
glass and Vikings measurement" “0 
ground-level atmospheric abundances or 


ties, both the relative and absolut 


be 





ce 








is identical. In my view, t 








“evidence for the origin of EETA | 
1 on or near the surface of Mars. 

‘he next question is exactly that posed 
Ott and Begemann’: is there direct evi- 
in the noble gases that ties the SNC 
-orites together and thus to the same 
at body? If EETA 79001 is from 
fs, are they all? As pointed out earlier, 
yese meteorites do resemble each other 
/ many respects. One of the most 
powerful ways to explore such interrela- 
tionships is by use of isotope ratios; 
perhaps the most convincing evidence at 
present for a common SNC parent ts 
their shared distinctive oxygen isotope 
{ ignature™. 

: “In their study, Ott and Begemann look 
or the isotopic and elemental signature of 
he EETA 79001 noble gas component in 
he Shergotty, Nakhla and Chassigny 
meteorites. The results are mixed — liter- 
ily. While not seen in pure form (un- 
oubtedly due, as noted by the authors, to 
‘the absence of the unusual macroscopic 
glass nodules that are the principal trap- 
ping sites in EETA 79001), there is con- 


































‘ON 9 September, Paul Flory died of a heart 
attack at his holiday home in Big Sur, Cali- 
fornia three months after his many friends, 
colleagues and past students had cele- 
brated his 75th birthday with a scientific 
“symposium at Stanford University. 
-Paul Flory was awarded the Nobel Prize 
in chemistry in 1974, in recognition of en- 
during contributions to polymer science, a 
field that he, as much as anyone, helped to 
: found. To salute his achievements, Stan- 
ford University Press this year published 
three massive volumes entitled Selected 
orks of Paul J. Flory, edited by past and 
esent associates. A notion of the impact 
of Flory’s contribution on the development 
of polymer and related sciences can be 
ned by turning the pages of this mag- 
ficent testimony to human endeavour, 
anning half a century of unceasing 
jevement. 

"lory published his first papers on the 
etics and mechanism of polymerization 
molecular weight distributions in high: 
ymer systems in 1936, while employed 
he group of Wallace H. Carothers, the 
ntor of nylon, in the research labor- 
atories of the Du Pont Company. At that 
e polymer science had just come into 


taudinger to prove the existence of large 
molecules to a reluctant chemical estab- 
shment. With uncanny intuition Flory 
enunciated the rules governing the genera- 
on of high polymers and those describing 
ieir behaviour in solution and in the solid 
state. It is thanks to his insights and those 
of his illustrious contemporaries, in par- 
‘ular Werner Kuhn, Peter Debye and 














: vincing evidence for the presence of these 


Paul J. F lory (1910 —1985) 


ohn. Kirkwood, that we have come toa 
antitative understanding of macro- 





being, following the efforts of Hermann — 








noble gases in Shergotty, where they 
appear mixed with a second kind of gas 
component that may be represented, 
more or less, by that in the Chassingny 
meteorite. 

Wiens et al.” have found just this situa- 
tion within EETA 79001 itself, with clear 
indications of two independent nitrogen 
and noble gas components. One, domi- 
nant in the glass, is attributed to the mar- 
tian atmosphere; the other seems likely to 
derive from the mantle source region for 
these basalts. The only real departure 
from a coherent two-component mixing 
pattern in Ott and Begemann’s data 
appears in Fig. 1b of their paper, where 
the points for the Nakhla meteorite fall 
above the mixing line. This could require a 
third gas component, rich in “Xe, as the 
authors suggest. Another possibility 1s 
that the high “’Xe/’"Xe ratio is due, as in 
Shergotty, to the presence of atmospheric 
gases, but with relative elemental abund- 
ances severely fractionated by whatever 
the processes were that led to their incor- 
poration into Nakhla. Fractionation of the 
Kr/Xe ratio by about a factor of five would 















































molecular behaviour. Flory’s work and 
achievements cover such diverse aspects as 
solution thermodynamics of polymers and 
mixtures, hydrodynamics, the rules gov- 
erning melt viscosities and the transition to 
the glassy state, crystallization of polymers 
from melts, chain configuration and con- 
formational analysis, rubberlike elasticity, 
semicrystalline rigid polymers and liquid 
crystals.. To Paul Flory we owe an under- 
standing of the excluded volume in solu- 
tions of macromolecules and the concept of 
the theta, or Flory, temperature, at which 
the excluded volume vanishes and non- 
idealities in polymer solutions are internal- 
ly compensated. At the Flory temperature, 
macromolecular chain configurations are 
unperturbed in solution. Many years be- 
fore neutron scattering from deuterated 
macromolecules made it possible to verify 
his prediction, Flory had postulated that 
macromolecules in the amorphous buik 
state would also assume unperturbed con- 
figurations. Flory’s book Principles of 
Polymer Chemistry published in 1953, re- 
mains the classical reference in polymer 
science; to it was added in 1969 Statistical 
Mechanics of Chain Molecules. 

Paul Flory’s creative activities con- 
tinued up to the time of his death. He was a 
“severe” teacher, an outstanding personal- 
ity and a man of high principles. He had 
strong convictions concerning the respon- 
sibilities of scientists in the service of soc- 
iety and his extramural activities were 
manifold. I would like in particular to 


stress his efforts on behalf of dissident sci- 
| entistsin Eastern Europe, efforts which he 
pursued with great vigour and devotion. 


Personalities of his intellectual and moral 
calibre are indeed few. Henryk Eisenberg 
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be needed to account for the data. It is ao 
pity that the large amount of spallation- 


produced argon in Nakhla masks so com- 


pletely the trapped “Ar abundance. If this 
were not so, the prediction of a very low 
trapped Ar/Xe ratio resulting from mass 
frationation of this order could be tested. 

In large part, the scientific excitement 
generated by the SNGC-Mars association 
comes from the potential for using these 
meteorites to address questions about 
Mars that cannot be answered, or even 
adequately explored, using only the data 
now in hand from Earth-based and Viking 
observations. One important class of 
problems concerns the initial inventory 
and subsequent history of volatile ele- 
ments and compounds — the noble gases, 
nitrogen, carbon dioxide and water — on 
Mars. Here, for believers, the SNC 
meteorites will certainly play a leading 
role in meeting the challenge of under- 
standing the origin and evolution of the 
martian atmosphere, and the relation of 
martian volatiles to those on Earth, Venus 
and the more usual meteorite parent 
bodies. One example is Ott and Bege- 
mann’s discussion of a central question: 
how, if at all, do noble gases of the type: 
found in Chassigny relate to the present 
atmosphere of Mars? Did the atmosphere 
derive from this kind of mantle reservoir 
or are we dealing with some independent 
source of atmospheric gases? The fun- 
damental difficulties they encounter in 
deriving the current atmosphere from 
Chassigny-type sources may force atten- 
tion to an alternative model: a gas-bearing 
veneer of primordial, late-accreting mat- 
ter that could well be unrepresented in the 
contemporary meteorite population. 

All this should not be taken to mean 
that there are no outstanding problems 
with a martian origin for the SNC 
meteorites. The gravitational potential 
well of Mars is deep, and calculation of the. ` 
mechanics of a meteorite. impact on the 
surface reveals difficulties in ejecting from 
the planet fragments of the crust a metre | 
or more across". The residence times of 
these meteorites in space, given by their > 
cosmic-ray exposure ages, imply ejection 
at different times and therefore by more 
than one impact event. This is trouble- — 
some if the chemical and chronological 
similarities within the SNC suite are inter- 
preted to mean that they allderivedfroma ~ 
very restricted area of the martian surface, _ 
so that more than one large meteorite — 
strike into the area during the past 10 Myr ae 
or so becomes improbable. 

Discovery of meteorites from the Moo 
has verified that at least fragments can be 
liberated from relatively large- bodies 
without being destroyed in the process. — 
Given eight SNC meteorites from Mars, ` 
however, several of which have been ` 













observed to fall in the past two centuries, ._ 
there remains the question of whether we 
should not be up to our necks in lunar 
meteorites — that is, what would be the . 
expected relative fluxes of objects from . 
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~ the Moon and Mars and why have we seen 
~~ $o few from the Moon? All these un- 
answered questions. and others. stand as 
challenges to the SNC-Mars connection. 
~~ But there is a lot we do not know in most 
~~ of these areas, and the geochemical link to 
‘`= Mars. at least for EETA 79001. is very 

_. strong indeed. 

The final proof lies on the surface of 
Mars, awaiting collection — with luck 
. from a shergottite outcrop — by a future 
generation of astronauts. In the meantime 
_ the SNC meteorites will be thoroughly dis- 
.. membered in laboratory explorations, at a 
“=> pace that is certain to be accelerated by 
contributions as stimulating as that from 





— Ott and Begemann. Clearly, we shall 
-learn much about the SNC parent body. C 
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Agriculture and environment 





Cyanobacteria employed as 
fertilizers and waste disposers 


from Rabindra N. Padhy 


AMONG free-living, _ nitrogen-fixing 
microorganisms, the filamentous hetero- 
‘cystous cyanobacteria (blue-green algae) 
make the largest global contribution to 
biological nitrogen fixation’. In the 
Orient, they grow naturally, or are cul- 
tured and applied to rice fields as green 
fertilizers, a practice termed ‘algaliza- 
tion’. In several countries with different 
agronomical conditions and soil types, it 
has been established that cyanobacteria 
in rice fields decrease the amount 
of nitrogen-based chemical fertilizers 
‘needed to produce a higher rice yield“. 
Even more effective is the use of Azolla, a 
water fern that has as a symbiont the 
cyanobacterium Anabaena azollae, which 
fixes about three kilograms of atmospher- 
ic nitrogen per hectare per day’. But the 
regular use of pesticides during rice cul- 


tivation tends to raise the concentration of. 


of residues to levels that might inhibit 
the growth of cyanobacteria. Recently, 
pesticide-resistant mutants of nitrogen- 
fixing cyanobacteria have been isolated*”. 
Such mutants hold the promise of increas- 
_ ing the effectiveness of green fertilizers 
used in rice cultivation, thus reducing 
the dependence on expensive chemical 
_ processes for fertilizer production. 
Adverse effects of insecticides, fungi- 
cides, herbicides and heavy metals on 
cyanobacteria have been discussed’. Some 
pesticides do not affect and may even en- 
hance the growth of cyanobacteria in 
laboratory cultures or in the field. But 
many pesticides at very low concentra- 
tions decrease the total nitrogen content 


of flasks containing heterocystous cyano- | 


bacteria growing under nitrogen-fixing 
<- conditions. The effect seems to depend on 
~ the structure and concentration of the 





anobacterial growth-medium. 





_ chemical and the nutritional status of the | 


Spontaneous occurrence of pesticide- 
resistant mutants is low, so a method of 
inducing mutations is required. A mut- 
agen like N-methyl-N’-nitro-N-nitroso- 
guanidine is suitable, and mutants of Nos- 
toc and Cylindrospermum that are resis- 
tant to the pesticides blitox, carbaryl, 
zineb and mancozeb have been isolated””’, 
These mutants survive in concentrations 
of chemicals higher than the highest per- 
missive concentrations for the wild type — 
that is, the maximum concentration at 
which cultures contain viable cells, In 
laboratory cultures, the growth of the 
mutants in the presence of pesticides is 
exactly the same as that of the wild strain 
in absence of the pesticides. Of course, 
there is as yet no report of the use of such 
mutants in field experiments. 

The heterocystous cyanobacteria that 
are isolated as spores or filaments from 
rice fields are not known to have any 
harmful effect on the environment in 
general or on animal or human popul- 
ations in particular, so pesticide-resistant 


mutants can safely be introduced to the 


environment. The Food and Agricultural 
Organization and governments of rice- 
growing nations in the Orient, Africa, 
Latin America and United States could 
consider field trials. | 

The development of pesticide-resistant 
strains does, however, have its dangers. 
Some species of cyanobacteria tend to 
form surface blooms on inland tropical 
and temperate waters in the summer, with 
attendent risks of eutrophication and/or 
toxin production". It is important that 
pesticide-resistant strains of these species 
are not released into the environment, as 
the blooms they would form might be very 
difficult to control; in particular the use 
of mutants of toxin-producing strains 
must be avoided. 





dy biodegradable because microorgani 


proliferate. Nor are degradable cher 


In running waters, they ultimately.2 


chains of vegetative cells, the sites of oxygenic 
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The presence of synthetic and un 
wanted chemicals released through 
dustrial and urban wastes, and pesticic 
in soil and water, are matters of enviro 
mental concern and studies on biodegras 
ation of the foreign chemicals by miere 
organisms’ have been intensely pursuec 
Notall such chemicals are, however, tot 


cannot utilize certain toxic chemical 





acted on in all types of ecosystems’. 
chemicals persist and migrate by leaching 


mulate near or at the top of food chains 
Most studies on biodegradation of synth 
tic organic chemicals have been carri 
out with heterotrophic microorganisr 
and a few purple bacteria. ms: 
_ The studies of C.E. Cerniglia, C. Var 
Baalen and their colleagues at the Uni 
versity of Texas have indicated that man 
cyanobacteria originally isolated. from 
both freshwater and marine habitats 
metabolize (or even more accurately 
‘co-metabolize’) naphthalene, biphenyl. 
anilines and their derivatives, and toxic 
substances. present in the water-soluble 
fraction of crude oils; these are the- 
common foreign chemicals released from 
chemical plants and dye works”’'". The. 
cyanobacterium Oscillatoria in particular. 
has several pathways for the catabolism of | 
naphthalene and aniline that are also. 
found in both heterotrophs and eukaryg- 
tic algae. A : 


A h. tS. 
© aa oe 
T ch 




















Photomicrograph of filaments of the cyan 
bacterium Anabeana 7120 (Nostoc) showin 











photosynthesis, and single larger heterocysts, 
the sites of nitrogen fixation (x 458). 


isms of chemical degradation by different 
cyanobacteria are not known, probably 
they are promoted by both the hetero- 
trophic potency and the oxygenic photo- 
autotrophy of cyanobacteria. An advant- 
age of cyanobacteria over eukaryotic 
algae is the ability to grow in near anaer- 
obic conditions and low light intensities. 
All heterotrophic microorganisms face 
the problem of maintaining a steady level 
of cellular energy production to support 
the catabolism required for breaking 
down these chemicals”. Furthermore, 
oxygen is probably the rate-limiting factor 
in the biodegradation of many aromatic 
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hydrocarbons by heterotrophs’. These 
problems should not affect cyanobacteria 
and, if photosynthesis is undisturbed, such 
co-metabolic processes should continue in 
alkaline environments. 

Normally, cyanobacteria are not the 
dominant constituent of phytoplankton 
and in natural ecosystems waste chemicals 
can be so toxic to their natural populations 
that particular species are eliminated. But 
mutant cyanobacteria resistant to the chem- 
icals of interest, once isolated, could be 
exploited profitably for breaking down 
the chemicals in the waste-water stabiliza- 
tion ponds that receive industrial and 
urban effluents. Industries that release 
recalcitrant molecules in their effluents 
might consider trials in model ecosystems 
and the United Nations environment 


= programme could verify the possibility 
— in field extension studies. 


Cyanobacteria are found in a wide 


. range of habitats, ranging from ice fields 


to rice fields, hot springs and sewage. 
They were the first oxygenic photoauto- 
trophs to convert the reducing atmos- 
phere of the archaic Earth to its present 


oxidized state. A bloom-forming species, 
_ Anabaena flosaquae, is reported to grow 
= well in the laboratory in a medium con- 


taminated with oil leached from large oil- 


= shale reserves. Are these anabolically 


versatile organisms, which combine 
oxygenic photosynthesis with oxygen- 
sensitive nitrogen fixing systems, also 
catabolically potent? 

Chimaeric plasmids acting as shuttle 
vectors between unicellular or filament- 
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NEWS AND VIEWS 
ous cyanobacteria and Escherichia coli 
have already been constructed, showing 


that foreign genes can function in cyano- 


bacterial cells’. With modern recom- 


binant DNA technology, the develop- 
ment of novel strains of cyanobacteria 
capable of degrading a variety of chemic- 
als should be feasible, by cloning and 
expression of eubacterial chemical- 
degrading plasmids from aerobic and 
anaerobic bacteria that are otherwise 
environmentally less succesful. o 
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Electron trapping 


Hysteretic relativistic 
resonance of a single electron 


from A. E. Kaplan 


A SINGLE electron, trapped in a volume of 
less than one cubic millimetre for an un- 
precedented 10-month term of confine- 
ment, has allowed the first observation 
of a predicted fundamental hysteretic 
effect". It is due to the relativistic increase 
— albeit very slight — of mass with 
velocity. In a recent issue of Physical 
Review Letters, G. Gabrielse and others at 
the University of Washington, Seattle, re- 
port that the cyclotron resonance of a 
single electron trapped in a Penning trap 
was hysteretic’, The striking fact is that the 
relativistic change required’” is very small; 
since the excitation energy of the electron 
was usually less than 1 eV, the mass 
change was of the order of only a millionth 
of the electron rest mass, m, 

Why does the hysteresis occur? In a 
magnetic field B, an electron rotates with 
a cyclotron frequency w,=eB/mce (where e 
is the electrical charge of an electron and c 
is the speed of light), with its mass m re- 
lativistically dependent on its velocity v. 


Therefore, when the electron is excited by 
the resonant driving field (with its driving 
frequency w close to w,), the cyclotron 
frequency decreases. Suppose now that 
the initial driving frequency of the exter- 
nal field is larger than the non-relativistic 
cyclotron frequency w, (corresponding to 
m,) and is slowly swept downwards, to- 
wards the exact resonance. As the driving 
frequency approaches the resonant fre- 
quency, the electron gets excited and its 
dimensionless orbit speed P=v/c in- 
creases. If relativistic effects could be 
ignored, 8 would show the familiar Lor- 
entzian resonant response. If, however, 
the amplitude E of the driving field is suffi- 
ciently large, the relativistic redshift of the 
cyclotron frequency yields a drastically 
different response, which is depicted by 
the solid curve in the figure. As the driving 
frequency w is swept downward, dimen- 
sionless speed:f and kinetic energy f°/2 
increase (upper branch of the solid curve 
in the figure), and the cyclotron frequency 
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w, is shifted further away from the unper- 
turbed resonant frequency œ, as 
if it is running away from the driving 
frequency. 

This continues until the maximum level 
of excitation ĝ,„ is reached at the point of 
exact resonance, where w=w.=w, (1- 
B./2). The maximum level of excitation 
B,, is proportional to the amplitude of a 
driving field and inversely proportional to 
the frequency width of resonance I, which 
is determined by the radiation dissipation 
of energy. If w is swept further down- 
wards, the speed of the excited electron 
begins to diminish, and the effective cyclo- 
tron frequency starts to run back. For this 
reason, very shortly after the driving fre- 
quency passes the point of exact reso- 
nance, the excitation can no longer be sup- 
ported at the high level of the resonant 
state and suddenly jumps to the off- 
resonant state. If the driving frequency is 
then swept backwards, the other jump 
(from lower to upper branch in the figure ) 
occurs when w is very close to w. 

This cycle forms a relativistic hysteresis 
within the range in which the electron can 
have two possible steady states of excita- 
tion — the simplest and probably the most 
fundamental bistable system. (The middle 
branch in the figure corresponds to an 
unstable regime’, and cannot be ob- 
served.) For the hysteresis to occur, the 
maximum relativistic shift of the cyclotron 
frequency, w, §,,/2 must be sufficiently 
greater than (but of the same order of 
magnitude as) the width of the resonance, 
I’. This condition yields' an unexpectedly 
low critical energy of excitation for the 
electron that is nearly a™' times smaller 
than a quantum limit fiw (a=e'/fic=137 is 
the fine-structure constant). Therefore, in 
the close vicinity of the threshold, only the 
quantum approach can give an adequate 
description of the phenomenon whereas, 
for a sufficiently strong driving field, the 
classical results (in particular, hysteretic 
jumps) remain valid. For the experi- 
mental situation the critical kinetic energy 
of excitation is of the order of 10~ eV but 
the actual excitation used by Gabrielse et 
al. was a few orders of magnitude greater 
and so the experimental data obviously 
represent the classical limit. 

The fact that the frequency of cyclotron 
motion decreases as kinetic energy of the 
particle increases is well known in the 
theory of the application of synchrotrons 
and synchro-cyclotrons to the study of 
ultra-relativistic particles. For Gabrielse 
etal. to observe cyclotron hysteresis it was 
necessary to work at energies as low as a 
few electron volts, which only became 
possible with improved measurements of 
single particles in the Penning trap’. (A 
single-atom trapping technique has simul- 
taneously been developed based on laser 
cooling’.) The Penning trap is essentially a 
positive ring and two negative cap elec- 
trodes kept at liquid helium temperature 
in the core of a 60-kG superconducting 
magnet, The electron was prevented from 
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weak quadruple potential of the trap. The 
potential of the trap was also used to 
>S measure a relativistic mass increase 

» through the axial frequency shift. 
.. Apart from one basic difference. the 
__ observed hysteresis very much resembles 

< the so-called vibration hysteresis in an- 
harmonic oscillators with nonparabolic 
sotential’, in particular the Duffing oscil- 
ator in which the shift of resonant fre- 
-quency is due to the higher-order terms of 










< potential. The difference is that both fac- 
tors responsible for the single-electron | 
as of fundamental — 
nature: the relativistic change of mass — 


_. hysteretic effect are 


`: (and hence cyclotron frequency), and a 
damping factor [ which depends only on 
basic constants. 

That is why the observed effect is so 
important. It may be viewed as the ulti- 
mate example of optical bistability (re- 
viewed in ref. 6), which is a rapidly ex- 
panding and promising field in nonlinear 


Cyclotron kinetic energy, K (eV) 


(w= co 2r (Hz) 


Resonant line shape (solid curve) of a 
slightly relativistic cyclotron resonance, The 
localization of the electron’s steady-state 
kinetic energy on either upper or lower 
branch of the solid curve depends upon the 
direction. (arrows) in which the driving 
frequency is swept through resonance and 
includes discontinuous jumps (broken line). 


optics that offers new insights into the in- 
teraction of light with matter as well as the 
potential for superfast switching devices 
for optical computers and signal proces- 
sing. The observed effect is also the first 
example of an intrinsic optical bistability; 
all other optical bistable effects depend 
`=. upon a change in the macroscopic state of 
-a nonlinear medium (the so-called optical 
ee feedback). 
<o What of the future? The University of 
a Pag Washington group is planning to measure 
the magnetic moment of an electron with 
much improved accuracy using hysteretic 
resonance. Obviously, it will be of great 
interest to study the hysteresis in the vicin- 
ity of its threshold since this will provide a 
unique opportunity to study a quantum 
limit of bistable oscillators. Our group is 
_ working on this kind of quantum theory of 
the phenomenon as well as new multi- 
-photon methods of optical excitation of 
«single-electron cyclotron resonance. As 
_ far as the classical limit is concerned, one 
_-may envisage that, under the action of a 





escaping by confinement in a relatively | 





y strong driving fi field, ae n 
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branch of the hysteretic curve will become 
unstable. resulting in the chaotic motion 
of an electron similar to chaos in other 
nonlinear oscillators. Finally. it is worth 
noting that a similar hysteretic behav- 


tour might be observed for electrons 
in which case the- 


in semiconductors’, 
relativistic-like change of the effective 


mass of conduction electrons would be 


attributable to the non-parabolic nature of 
the semiconductor conduction band. 


. Molecular genetics 


What turns on heat shock genes’ 





from Sean Munro and Hugh Pelham 


THE ‘heat-shock’ response involves a mas- 
sive increase in the transcription of a small 


family of heat-shock genes, so it provides 


a good model system for studying gene 
regulation in organisms as diverse as 
Escherichia coli and humans'’”’. One of its 
most interesting aspects is the com- 
munication between the environment and 
the genetic apparatus: somehow, the cell 
detects a rise in the ambient temperature, 
or one of a number of other stresses, and 
rapidly and specifically alters its pattern of 
gene expression. Recent results suggest 
that the system of ubiquitin-linked protein 
degradation has a key role in this com- 
munication. 

Initial work focused on the DNA se- 
quences required for the transcriptional 
activation of heat-shock genes. Deletion 
analysis of the Drosophila hsp70 promoter 
gene identified a short sequence that is 
required for induction’, which was subse- 
quently shown to be the binding site for a 
specific heat-shock transcription factor’. 
This factor is present in cells before heat 
shock, but nuclease-protection studies of 


Drosophila chromatin show that it does 


not bind to the genes until a stress is 
applied’. The obvious implication is that 
the availability and/or activity of this fac- 
tor is modified in some way as a result of 
the inducing stress. What is less obvious is 
the nature of the modification and of the 
intracellular signal that initiates it — how 
does the cell know that it is stressed? 


_ The heat-shock response can be in- 
duced by many treatments other than | 


heat, most, if not all, of which have the 


ae 





common property of causing the accum- | 


ulation of denatured or damaged proteins 
within the cell. As it seems unlikely that all 
the treatments affect a single ‘sensor’ pro- 
tein in the same way, it has been suggested 
that the presence of abnormal proteins per 


se triggers the response’*. If this isso, then | 


overproduction of one abnormal protein 
should suffice, which seems to be the case. 
Certain flightless Drosophila mutants 
make a truncated actin in their flight mus- 
cles that disrupts cellular structures and 
causes expression of heat-shock proteins 
in those cells”, Similarly, heat-shock pro- 


teins can be induced in E. coli by high- 


Saadani 


level expression of human tissue plasmi- 
nogen activator, which fails to fold cors 
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rectly in this system’. 


Ubiquitin 


Normally, aberrant proteins are simply 
degraded by the cell. In eukaryotic cells, 
they are recognized by the ubiquitin- 
dependent degradation system; they are 
covalently attached by the N-terminal (and 
lysine) amino groups to ubiquitin, a 76- 
amino-acid protein, through a peptide 
bond, to become substrates for proteolysis. 
(see ref.9 for review). After heat shock, 
however, abnormal proteins fail to be dê- 
graded efficiently, which can easily be de- 
monstrated for individual truncated pro- 
teins expressed from plasmids transfected 
into mammalian cells”. The degradation 
system itself, assayed in vitro, is not parti- 
cularly temperature sensitive; it seems, 
rather, to be overloaded by the presence 
of high levels of heat-denatured protein. 
We observe the same failure to degrade 
abnormal proteins when cells are treated 
with other inducers of the stress response, 
such as sodium arsenite and amino-acid 
analogues, with a close correlation be- 
tween the two phenomena. This strongly. 
Suggests that the treatments commonly 
used to induce the heat-shock response 
do indeed cause abnormal protein t 
accumulate. 
Perhaps the strongest evidence T 
connection between the degradation sys 
tem and the stress response comes fror 
studies of the ts85 mouse cell line. Cells o 
this line have a thermolabile ubiquitin 
activating enzyme; at the non-permissiv 
temperature, which is well below the nor 
mal heat-shock threshold, ubiquitin c 
no longer be coupled to proteins and de 
gradation ceases. At the same time, th 
cells synthesize heat-shock proteins at- 
high level”. This may reflect a build up o 
abnormal proteins, but it could also b 
more direct effect of the failure to. atta 
ubiquitin to proteins. a 
In fact, several lines of evidence su 
that it is ubiquitination, rather th 
teolysis, that becomes limiting in 1 
eukaryotic cells during s$ 
are dramatic = x è 











100 years ago 
`: The St. Andrews Marine Laboratory 
#. M'Intosh stated briefly the structure and 





gement of the marine laboratory at St. 
idrews, and made some general remarks on 

ë work done during the last nine months 
there. A great many of our food fishes, he said, 
were carefully examined in regard to the de- 
velopment of the eggs and the growth of the 
young fishes. About twenty species were ex- 
amined in this way. They experienced some 
ifficulty with some of the forms, on account of 
eir voracity, particularly with the cod. They 
und that a cod of five inches long would swal- 


low a cod of three inches, and if it could not get | 


it all down at once, it would keep it in its throat 
till the head part was digested, and then draw in 
the tail. Mollusca were studied chiefly in con- 
nection with the development of the mussel, 
but he might say that very hazy notions were 
held in regard to it. Some larger forms were also 
examined, including porpoises and sharks. He 
had noticed one porpoise for some time in the 
bay, and that its motions were peculiar. Then a 
large porpoise was caught, and they found it was 
a female giving milk, of a most interesting kind, 
as dense as cream, and a deep yellow colour. 


from Nature 32 563, 8 October 1885. 





iquitinated histones H2A and H2B. 
About 10 per cent of H2A-normally has a 
ibiquitin moiety coupled to the e-amino 
roup of a lysine residue; the function of 
his modification is unclear, but the pro- 
ein is not rapidly degraded. The attached 
ibiquitin is in rapid equilibrium with the 
pool of free ubiquitin, being continually 
removed by an tsopeptidase (see ref. 8 for 
‘eview). When Drosophila cells are heat- 
shocked the level of ubiquitinated histone 
_is greatly reduced”, presumably because 
the isopeptidase remains active but ubi- 
-quitin is no longer replaced. Similarly, the 
_abnormal proteins that accumlate to high 
levels during the heat shock of mamma- 
lian cells are almost entirely in the non- 
_ubiquitinated state, as judged by the size 
of specific proteins on SDS gels (ref. 11 
and unpublished observations), which 
Suggests that the point of inhibition of the 
degradative pathway is at, or before, the 
-addition of ubiquitin. 
-> The ubiquitin gene itself has recently 
been cloned from several species’ and 
strikingly, its transcription was found to 
_be strongly heat-inducible in both chick 
_ fibroblasts’ and yeast. Presumably this re- 
flects an increased need for it after heat 
shock, which in turn suggests that the free 
ubiquitin level may become limiting. 
hese observations are all consistent with 
e idea that a sudden heat shock pro- 
duces such a massive increase in substrates 
quiring ubiquitination that there is a 
ansient shortage of free ubiquitin, re- 
iting in a failure to ubiquitinate normal 
bstrates such as histones. 


model 
uld it be that lack of free ubiquitin is the 
yal initiating the heat-shock response? 
‘is it the failure to couple ubiquitin to 
protein’? The properties of ts85 cells 
gue against the first possibility. At the 
n-permissive temperature, they are un- 
é to couple ubiquitin to anything, and 
şs presumably have high levels of free 
juitin, yet they synthesize heat-shock 
‘oteins. However, there is support for 
e alternative, that the heat-shock re- 
sponse occurs because some target protein 
fails to be ubiquitinated. An obvious 








candidate is the heat-shock transcription: 


factor itself. We speculate that, by analo- 
gy with the H2 histones, the factor is nor- 
mally maintained in an inactive ubiquitin- 
ated form, but with the ubiquitin moiety 


continually being removed and replaced. 
Treatments of the cell that either inhibit 
the ubiquitinating enzymes or produce a 
large sink of abnormal protein substrate 
would allow accumulation of non- 
ubiquitinated active factor, which in turn 
would promote transcription of the heat- 
shock genes. Such a mechanism would 
be inherently self-regulating: as soon as 
free ubiquitin becomes available, either 
through degradation of the abnormal 
protein or through increased synthesis of 
ubiquitin, the transcription factor would 
again be inactivated. This could explain 
the old observation that transcription of 
the heat-shock genes occurs only tran- 
siently, even when cells are maintained at 
a high temperature for long periods’. 
Recent studies of the factor are consis- 
tent with this model. At a meeting* earlier 
this year, Carl Parker reported the puri- 
fication of the protein from heat-shocked 
Drosophila cells, the active fraction in- 
cluded a protein with an apparent relative 
molecular mass on SDS gels of 43,000 
(43K). Tantalizingly, the equivalent frac- 
tion from unshocked cells included small 
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*Cetus-UCLA meeting “Sequence Specificity in Transcription 
and Translation”. Steamboat Springs, Colorado, 31 March-6 
April 1985. 





amounts of this 43K protein and a related 


48K protein, as well as other minor pro- 
teins. It is conceivable that these are the 
transcription factor and its ubiquitinated 
derivative, but this is far from proven. 

To test the model, it will be necessary to 
demonstrate that the transcription factor 
is ubiquitinated and that the ubiquitinated 
form is not bound to heat-shock promo- 
ters in vivo. A more general prediction is 
that the heat-shock proteins induced in 
response to protein damage have func- 
tions which help to limit or repair such 
damage, for example, by binding to ex- 
posed hydrophobic surfaces’. The major 
heat-shock protein, hsp70, certainly 
seems to aid in the repair of heat-damaged 
nucleoli”. 

Many of the proteins involved in cell 
transformation and growth control, such 
as c-fos, c-myc and adenovirus E1A pro- 
teins are ‘abnormal’ in being very unstable 
and presumably substrates for ubiquitin 
ligases. It is not inconceivable that ubi- 
quitination plays a regulatory role in areas 
other than the heat-shock respose. C] 
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Geophysics 


Small-scale mantle convection 


from Luce Fleitout 


During the last few years, the tectonic | 


evolution of basins has attracted much 
attention mainly because of the potential 
importance for oil exploration. Hydrocar- 
bon formation depends critically on the 
rate of sedimentation and the temperature 


within the sedimentary layers, both of | 
which are greatly affected by the thermal . 


history of the basin. There are two main 
tectonic processes which can modify the 
surface topography of the Earth; a global 
thinning (or thickening) of the entire 
lithosphere, and thermal perturbations of 
the lower lithosphere without deforma- 
tion of the upper crust. In a recent issue of 
Nature, M. S. Steckler’ demonstrates that 
the Gulf of Suez was formed by global 
lithospheric thinning followed by addi- 
tional warming up of the lower litho- 


sphere. The mechanism probably respon- 






sible for this increase of temperature is a 
small-scale convective destabilization in- 
volving the base of the lithosphere. This 
has implications which extend beyond 
merely understanding better the geology 
of the Gulf of Suez, since it confirms the 
importance of small-scale convection in 
tectonic processes. 

The geology and geophysics of a num- 


ber of sedimentary basins has been suc- ~ 


cessfully explained by a model of uniform 
stretching of the lithosphere. The litho- 
sphere (Fig. 1) consists of the crust and a 
portion of the upper mantle. The crust is 
less dense than the underlying mantle, 
whereas the lower lithosphere is cooler 
and hence denser and more viscous than- 
the sublithospheric mantle. When no pro- 
cess other than stretching occurs, both the 
crust and the cold lithosphere are thinned 
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Fig. 1. Model” of uniform stretching of the lithosphere to form sedimentary basins. a. 
Undeformed lithosphere comprizing crust and cold mantle material. b, Stretched 
lithosphere — both the crust and the uppermost mantle are thinned and isostatic 
adjustment induces a topographic depression. c, Destabilization by a convective 
process, of the lower lithosphere induces uplift. Topographic effects have been 
exaggerated. Solid lines represent mantle isotherms. 


in that the total extension is the same for 
both components. The thinning of the 
crust induces a depression by local isosta- 
tic adjustment. The thinning of the lower 
lithosphere is accompanied by an uplift 
extending over an area that can be broad- 
er than this depression, because com- 
pensation of deep mass anomalies 
is not necessarily local and also because 
stretching of the lower lithosphere can 
be less concentrated than stretching of 
the crust. The integrated area encompas- 
sing the topographical anomaly curve 
(that is, the horizontally integrated de- 
pression of the rift minus the integrated 
uplift of the shoulders) is uniquely deter- 
mined once the total extension and the 
initial crustal thickness are estimated, as it 
obeys regional isostasy. Following the 
phase of tectonic deformation, sediments 
fill the central depression and long-term 
subsidence takes place, due to the conduc- 
tive cooling of the stretched lithosphere. 

In the particular case of the Gulf of 
Suez, Steckler shows that the observed 
topography does not correspond to this 
classical picture, the sides of the rift being 
higher than expected. The very large 
uplift of the rift flanks implies an extra 
warming-up of the lower lithosphere. This 
idea is not entirely new: the differential 
stretching found necessary in the Panno- 
nian basin’ could, for example, result from 
the action of the subduction event in the 
nearby Carpathians. But the Gulf of Suez 
is far away from other zones of active tec- 
tonism and Steckler is able to rule out 
most of the other mechanisms that could 
be invoked to explain the extra heating of 
the lithosphere required. Destabilization 
of the lower portion of the lithosphere by 
small-scale convection (Fig. Ic) is the 
most likely hypothesis. 

What is the cause of this destabilization 
of the lower lithosphere? The viscosity of 
the mantle is highly temperature depen- 
dent, so the cold upper part of the litho- 
sphere is unable to flow under moderate 
Stresses and only the lowermost and 
warmest portions can deform plastically. 
Even so the material forming the lower 
part of the lithosphere is colder and denser 
than the underlying mantle and thus tends 
to sink under its own weight. The lower 
the viscosity of the lower mantle, the 
faster the convection. 

In the case studied by Steckler, a hori- 





zontal gradient of temperature enhances 
the phenomenon of destabilization and is 
able to produce a large degree of uplift on 
the flanks of rifts . Other regions close to a 
passive continental margin, such as Scan- 
dinavia or eastern Australia, may also 
have been uplifted in a similar fashion 
after the opening of the adjacent sea. 

But convective processes at the litho- 
sphere-asthenosphere boundary can be 
important in a number of other situations. 
During continent — continent collision, as 
for example in the Alps or the Himalayas, 
the whole lithosphere thickens in an exact 
reversal of its behaviour during basin 
formation. The thickened cold part of the 
lithosphere plays a significant role in 
further enhancing the compression be- 
neath the mountain ranges*’, as has been 
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permanent lower incisor with the perikymata (Greek: peri = 


uplift. In essence, the whole evolution of 

the lithosphere seems to be dominated by 

the convective interaction between the 
lithosphere and the underlying mantle. 

Small-scale convection can be thought of 

as a continuing convective flow pulling the 

cold material at the base of the lithos- 
phere. It supplies heat to the lithosphere- 
asthenosphere boundary. This process is 
able to govern the rate of thickening of 
the lithosphere in the oceans, to fix the 
asymptotic lithospheric thickness under 
old cratons™™ or to produce rapid thinning 
of the lithosphere over zones of high 
temperature and low viscosity associated 

with hot spots. O 
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New ages for fossil hominids from their teeth 


Estimating the ages at which fossil hominids died should be more accurate in future, 
using observations reported by T. G. Bromage and M. C. Dean on page 525 of this 
issue. This scanning electron micrograph shows the buccal surface of a modern human 


around; kymata = 


waves) that are the external ends of striations resulting from a periodicity of 
seven to eight days in the deposition of enamel. The perikymata are used to obtain 
accurate estimates of the ages at death of four species of fossil hominids. 













conformations 


espite major recent advances in 
formational analysis of glycosami- 
cans, several controversies remain 
ying the interpretation of physical 
hemical measurements. One major 
concerns the ring form of L iduron- 
dues in a number of important gly- 
d proteoglycans having dermatan, 
or heparan chains. At lec st for 
an sulphate, the evidence from dif- 
analysis’ is that these residues in 
ine fibres are close to the form hav- 
carboxylate group axial (‘C,, Fig. 
olution, however, this would not 
e the alternative chair ('C,, Fiz. 1) 
is well known that the interaction 
ies are such that equilibrium be- 
? the two forms is delicately 
ed and there is of course no reason 
iori why the crystalline form should 
ist into solution. Also possible are va- 
ious distorted chairs and skew boats but 
hese are not discussed here since their 
onsideration would constitute a second 
der of analysis. 
Two conflicting arguments have been 
put forward. On the one hand, the small 
roton nuclear magnetic resonance vicinal 
oupling constrants around the ring would 
point’ to. 'C,, an assignment that is con- 
firmed by our recent studies by circular 
ichroism’. On the other hand**, the ex- 
reme susceptibility of these residues to 
riodate oxidation must be taken as a 
monstration of an ability to form a cyc- 
c reaction intermediate which requires a 
mal! dihedral angle between the 0(2) and 
) substituents, as in the ‘C, (Fig. 1). We 
ow write to point out that this apparent 
repancy can be resolved by the ap- 
ition of. established stereochemical 
ciples which show that the periodate 





























independent.” of their relative 
id state energy levels (abundancies); 
major conformer (in this case C,) 
ction as an unreactive reservoir 
es while a very minor conformer (‘C,) 
‘mines the course of reaction. 














| ing ane catalytic asymmetric tiydrogena- 
tion of a prochiral dehydro-amino acid 
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where the reactive intermediate of a 
rapidly equilibrating pair was actually un- 
detectable. This leads to the postulate that 
the iduronate and glucuronate residues 


are oxidized in similar conformations, in 
= which case one might at first expect the 


latter to react more quickly because of the 
greater probability of productive colli- 
sidns ——- whereas the reverse might be the 
case. This problem can be resolved by re- 
ference to a kinetic study of the 
cyclohexane-1, 2-diols which provides evi- 
dence that the release of crowding in their 
cyclic intermediates in periodate oxida- 
tion can provide the driving force for steric 
acceleration, at least at pH 9 (ref. 9). We 
suggest that this indicates that transition 
states of this type are sufficiently product- 
like in character (that is, C-C bond cleav- 
age is well progressed) for steric crowding 
to be substantially relieved. The energy 
levels for the transition states for the glu- 
curonate and iduronate pathways would 
then be closer in energy than those for 
their ground state conformations. The 
higher ground state energy of iduronate 
relative to that of glucuronate — as a re- 
sult of the many unfavourable internal in- 
teractions — would therefore provide 
steric acceleration and hence explain the 
fast rate that is observed for iduronate. 
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Human lymphocytopathic 
retroviruses (HLRV)? 


Sin—Owing to the independent discovery 
lymphocytopathic viruses 
(HLV), called human T-cell leukaemia 
viruses (HTLV-L II JHI) and, later, human 
T-cell lymphotropic viruses by Gallo and 
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viruses (LAV) by Montagnier and col- 
leagues at the Institut Pasteur in Paris; or- 
AIDS-assoctated retroviruses (ARV ¥) by 
Levy and associates in San Francisco’ — 
there has been lively discussion” with re- 
spect to naming the heterogenomic retro- 
viridae causing analogous spectra of de- 
vastating diseases in humans, cats, 
monkeys, cattle and mice. Conforming 
with nomenclature in the other mammals a 
and considering heterogeneity, as well as. = 
multiplicity, HLV (in the plural) might 
constitute a comprehensive abbreviation =- 
to connote the leukaemogenic, lym- 
photropic, lymphocytotropic, lympho- 
cytostatic, lymphocytotoxic, sometimes 
lymphocytolytic nature of such insidious 
retroviruses accustomed to use human 
lymphocytes for reproduction, as well as 
transport through lymph, blood and other 
secretions’. | 
However, HLRV might prove to be a 
better abbreviation for human lympho- 
cytopathic retroviruses because: 
(1) H, standing for human, can be re- 
placed with Fe, S, B, Mu or any other 
suitable symbols to designate other crea- 
tures ranging from aardvarks to zebras 
infected with similar retroviridae causing 
analogous diseases. 
(2) T- might be misleading, since lym- 
phocytopathic retroviridae may infect “B- 
cells”, as well as other cells in sundry _ 
species. So, after Lord Admiral Horatio ` 
Nelson at Trafalgar, one might X the “T-”. 
(3) L related to lymphocytopathies, 
whether the retroviral effects are 
leukaemic, lymphomatous, lymphoprolif- 
erative, lymphocytostatic, lymphocytoly- 
tic, lymphocytopoenic or otherwise lym- 
phocytotropic. 
(4) A for AIDS is not comprehensive, 
since the lymphocytopathic retroviridae 
may alternatively or simultaneously cause —-.. 
GLS or lymphomas. As an abbreviation 
for associated, A is superfluous. So, one = 
might X the “A” similarly. 
(5) R for retro denotes DNA retrotrans- 
cription by retroviridae which lack double 
helices and, thus, depend for replication 
on cells with relatively great DNA concen- 
trations, especially lymphocytes. o 
(6) V for viruses must stand, especially if 
preceded by retro-. 
(7) While HTLARV sequentially con- 
notes the works of Drs. Gallo, Montag- 
nier and Levy, the abbreviation is a bit 
awkward. After the K (Köchel) subclassi- 
fied works of Wolfgang Amadeus Mozart, 
it might prove efficient to suffix the HLRV 
with Arabic numbers 1, 2, 3, et cetera, ad 
infinitum (especially because it appears =~ 
now that too many different antigenic 
strains will be found to use roman numer- = 
als conveniently). Jack W. SHIELDS = 
Santa Barbara Medical Foundation Clinic, 
PO Box 1200, Santa Barbara, 
California 93102, USA 
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Fundamentals 
of Neurophysiology 


Editor: R. F. Schmidt, University of Kiel 
With contributions by J. Dudel, W. Janig, 
R. F. Schmidt, M. Zimmermann 
Translated from the German by 

M. A. Biedermann-Thorson 


Springer Study Edition 

3rd revised edition. 1985. 138 figures, 6 tables. 
Approx, 368 pages. Soft cover DM 39,50 
ISBN 3-540-96147-X 


This is the third edition of Professor Schmidt's 
popular book which presents both the essential 
concepts relevant to an introductory under- 
standing of neurophysiology and the most 
important results of recent neuroscientific 
research. 

All of the chapters have been updated, includ- 
ing major revisions to the sections on the auto- 
nomic nervous system and the integrative func- 
tion of the central nervous system. Key features 





y 


of the third edition include: new presentation of 


smooth muscle fiber physiology, increased 
emphasis on postsynaptic adrenergic receptors, 
coverage of brain metabolism and blood flow, 
and insights into recent results of research on 
split-brain and aphasic patients. 


K. Zilles, University of Cologne 


The Cortex of the Rat 


‘A Stereotaxic Atlas 


ae 1988. 130 figures. V, 121 pages. Hard cover 
‘DM H8.. ISBN 3-540-15570-8 


Contents: Introduction. ~ Nomenclature. - 
Coronal, Horizontal and Sagittal Sections in 
Stereotaxic Coordinates. - Cortical Maps in 
Stereotaxic Coordinates, -~ Frontal and Caudal 
Aspects of the Hemisphere in Computer 
Reconstructions. - Delineation of Cortical Areas 
in Nissl- and Myelin-stained Sections. - Aspects 
of Cortical Variability. - Index of Structures. = 
References and Further Reading. ~ Abbrevia- 
tions: Folder at end of book. 


Pattern Recognition 
Mechanisms 


_ Editors: C. Chagas, Vatican City State; R. Gattas, 
Rio de Janeiro; C. Gross, Princeton 


Proceedings of a Study Week organized by the 
Pontifical Academy of Sciences, Casina Pius IV, 
Vatican City 


1985. 123 figures, 2 photographs. 
Approx. 375 pages. (Experimental Brain 
Research, Supplement 11). Hard cover 
DM 128,-. ISBN 3-540-15723-9 


This volume provides an up-to-date introduc- 
tion and integration of the various contemporary 
approaches to visual pattern recognition. It 
includes a wealth of papers on psychophysics, 
visual perception, visual memory, visual neuro- 
anatomy, visual neurophysiology, and visual 
neuropsychology, tied together by an incisive 
contribution from Sir John Eccles. 
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Time Resolution in Auditory 
Systems 


Proceedings of the 11th Danavox Symposium 
on Hearing, Gamle Avernas, Denmark. 
August 28-31, 1984 


Editor: A. Michelsen, University of Odense 


Proceedings in Life Sciences 
1985. 112 figures. IX, 242 pages, Hard cover 
DM 64,-. ISBN 3-540-15637-2 


Research on auditory processing has long 
neglected time as a separate parameter from 
frequency. Awareness of the need to consider 
time as a parameter in its own right has grown 
rapidiy in recent years. This book provides ati 
overview of the theoretical and experimental 
problems involved in distinguishing time and _ 
frequency, The contributions cover all stages of 
hearing ~ from the reception of sound, through 
neural coding in peripheral and central auditory 
pathways, to psychophysics and the perception 
of speech. 


Ultradian Rhythms in 
Physiology and Behavior 
Editors: H. Schulz, Munich: P. Lavie, Haifa 


1985. 90 figures, 20 tables. Approx. 350 pages. 
(Experimental Brain Research, 

Supplement 12). Hard cover DM 98,- 

ISBN 3-540-15439-6 


This is the first book to summarize the present 
state-of-the-art in ultradian rhythm research 
from diverse disciplines such as endocrinology, 
neurophysiology, physiology, psychology and 
sleep research, H provides experimental findings 
in animals and humans, gives insight into the 
possible neurophysiological mechanisms 
involved, and presents some theoretical models 
of ultradian rhythms and their interaction with 
the longer 24-hour circadian rhythms. 


Actions of Progesterone 
on the Brain 


Editors: D. Ganten, University of Heidelberg; 
D. Pfaff, Rockefeller University 


1985. 61 figures. V, 215 pages. (Current Topics 
in Neuroendocrinology, Volume 5). Hard cover 
DM 98,~. ISBN 3-540-13433-6 


Contents: Th. Rabe, L. Kiesel, B. Runnebaum: 
Anuprogestins. ~ J. Kato: Progesterone Recep- 
tors in Brain and Hypophysis. - Y Sakuma: 
Effects of Estrogen and Progesterone as 
Revealed by Neurophysiological Methods. - 

B. Parsons, D. Pfaff Progesterone Receptors-in 
CNS Correlated with Reproductive Behavior. - 
P. Séderstern: Estradiol-Progesterone Interactions 
in the Reproductive Behavior of Female Rats. = 
5S. A. Saunders, J. M. Reinisch: Behavioral Effects 
on Humans of Progesterone-Related Com- 
pounds During Development and in the Adult: 
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“have a substance at our disposal which can. 


| Jt promises not only new developments in 
therapy, but also fresh insights into the pathio- 


which are often still obscure. 
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Ciclosporin i in Autoimmune 
Diseases - 


ist international Symposium, Basle, 
March 18-20, 1985 
Editor: R. Schindler, Basle 


ISBN 3-540-15623-2. 
This volume offers for the first time an overall 


the field of autoimmunity. IHs particular interest 
arises from the fact that with Ciclosporin A we 


selectively modulate defined subpopulations o ; 
immunocompetent cells. In view of this capacity 


genesis of autoimmune disease, the details ae 
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- Inthe Name of Eugenics: Genetics and the Uses of Human Heredity. By Daniel J. Kevles. 


Knopf:1985. Pp.426. $22.95. | 


<> Ler us be clear: this is not. and does not 
claim to be, a comprehensive history of 
= eugenics. Were such a history to be writ- 
oten today. it would doubtless begin with | 
-----Plato who, in his Republic, advocated 
rigid state control of all matings as be- 

-= tween members of the Guardian caste: 


zand it would end, perhaps, with the cur- 
rent, ill-starred eugenics programme of 
-the Government of Singapore, launched 
in 1983 (of which more presently). Neither 
is referred to by Kevles, whose concerns 
are both narrower and broader than this. 
Narrower, inasmuch as his main focus is 
on developments in Britain and the Uni- 
ted States, and these only from the time of 
Francis Galton, to whom we owe the term 
“eugenics”. Broader, because his history 
encompasses research into human her- 
edity quite generally, even where there is 
little or no connection with any eugenic 
aims. 

So Kevles’s story is essentially a British 
and American one. Moreover it is a story 
< In which the United States generally com- 


> pares unfavourably with Britain, for two 
-. reasons. First, in the period with which 
~Kevles. deals, British academic research 


into human heredity has generally far out- 
shone that carried out in the United 
»- States. Secondly, the British liberal tradi- 

<c tion proved sufficiently robust to with- 


~~ Stand the political pressures from eugeni- 


cists that, in the United States, resulted in 
widespread and often compulsory ster- 


ilization of criminals, the mentally ill and — 


the so-called “feebleminded”. 

In the early years, from 1865 until 
around 1930, eugenics and the study of 
human heredity appear to have gone hand 
in hand. Those most closely involved in 

the study of human heredity — Francis 
- Galton and Karl Pearson in England, 
“Charles Davenport in the United States — 


were inspired with a social mission toim- 


~ prove the human stock, or at least to pre- 


vent its degeneration. In an era newly ex- 
= posed to statistics, it was easy to arouse 
public alarm at the fact that those sectors {| 


of the community in which crime, “feeble- 
mindedness”, disease and lack of physical 
fitness were most in evidence were at the 
_ Same time those that had the largest fami- 


hes. In the United States, such concerns | 


_were focused especially on the black com- 


munity and the tide of immigrants. The | 


- early eugenic movement often provided a 
> -cloak of scientific respectability for atti- 
_ tudes rooted in a combination of class and 
race prejudice and even sexual puritan- 
ism. (Kevles points to the widespread 








libido. He points out also that eugenics 
provided support to opponents of birth 
control: for wouldn't the ready availability 
of contraceptives mainly serve to reduce 
the fertility of those very same educated 
classes that, on eugenic grounds, should 
be encouraged to procreate?) 

Why, then, did the movement eventual- 
ly run out of steam? Clearly, the atrocities 


Eugenics ‘loveboat’ 
heads for port 


PORE’s prime minister, Lee 
S Kuan Yew, is being forced to back 
down on his controversial programmes o 
get more graduate women married ofl an 
producing babies. “Loveboat , cruises n 
the Maldives and Japan, luxurious days aA 
the local Club Mediterranée and a ei o 
tea-time dances at the Kasbah Clu m 
Singapore’s Mandarin Hotel are among i e 
events which have created a social whirl tor 
women now referred to in the Singaporean 
press as “spinster graduates”. The pra 
ment paid for improvements in child-care 
and offered graduate mothers priority pri 
to the best primary schools for their ott |- 
ren if they produced three or more babies. 
The idea of setting up a prenne 
sponsored matchmaki ne PR aeret Y ees 
Breeding failure — a news story from New 
Scientist, 76 May 1985. 


carried out by the Nazis in the name of 
eugenics did much to turn public opinion 
against it. But Kevies provides convincing 
evidence that the movement was already 
in decline by the early 1930s — although 
sterilization laws continued to be passed 
throughout the decade. His own analysis 
is that it was largely discredited by the 
march. of science. More careful research 
served to demolish the theory that what 
was variously termed “feeblemindedness” 
or “mental deficiency” was a unitary con- 
dition with a simple hereditary basis. And 


the likely efficacy of proposed eugenic 


measures was severely undermined by the 


realization (a) that environment played a 


substantial role in the shaping of the 
human phenotype; (b) that “regression 
to the mean” meant that the children of 
genetically highly endowed parents were 
likely to be less well endowed than their 
parents; (c) that sterilizing individuals 
manifesting undesirable genes would still 
leave those same genes present as “reces- 
sives” in outwardly unaffected (and hence 
unsterilized) individuals. Not that (b) or 
(c) would have been widely appreciated 


_by the public at large; but the scientists 


understood these things. And as the lead- 


ing authorities on human genetics came 
conception that sterilization reduced. | 


increasingly to dismiss traditional euge- 
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nics as “pseudoscience™, so it inevital 
lost ground politically. | 
No doubt this is all true, as far asit £ 
But just as important, arguably, is the fa 
that the eugenics movement has nev 
really had. on the positive side, a cohere 
and realistic political programme. It is: 
very well saying that those of superi 
stock should have more children, wv 
those of inferior stock should have 
but how exactly is one to bring that al 
in a democracy? Though several of 
pioneers of eugenics flirted with th 
of state regulation of marriage, they \ 
generally forced to fall back on the piou 
and fatuous hope that, with suitable en: 
couragement, people would voluntarily 
modify their reproductive behavio 
along eugenic lines. What Kevies ca 
“mainline eugenics” has always had an ai 











of dottiness about it. Witness Galton’: 
looking forward to the day when a womat 
would no more think of accepting am: 
“without knowing his biologic 
genealogical history” than a stockbreede 
would take “a sire for his colts or calves 
without pedigree”. Or Shockley’s . 
(1971) proposal that the state should pro- 
vide financial incentives to those of below. 
average intelligence to be voluntarily stër- 
lized, the amount offered being prop- 
ortional to the number of IQ points by. 
which they fell below 100. Only slightly. 
less farcical are some of the recent activi- 
ties of the Government of Singapor 
whose eugenics programme has included _ 
state-organized singles cruises, designed — 
to introduce women graduates to eugeni- 
cally eligible young men. (An expenditure _ 
of £100,000 apparently resulted in only 
two marriages.) , 
Kevies expresses the hope that an. 
historical understanding of the eugenic — 
movement may help us “thread a path ~ 
into the uncharted territory of genetic en- 
gineering”. Perhaps. (Though that may be - 
a little like looking to the history of the 
temperance movement for guidance on 
the contemporary problems of drug addic- 
tion.) Curiously, it seems that we have 
never really succeeded in coming to terms 
with our own genes — something for 
which the eugenic movement, with the 
reaction that it understandably provoked, 
perhaps deserves a share of the blam 
The very suggestion that differences of 
personality and intellect between ind 
viduals might depend substantially on 
genetic differences nowadays causes ou 
rage in many quarters, especially when it 
is suggested that statistical differences 
between ethnic groups or the sexes may 
be so influenced. I doubt if we have much 
chance of responding wisely and rationally 
to the new possibilities that genetic en- 
gineering and the new reproductive tech- 
nologies are opening up, so long as ideolo 
gical preconceptions prevent people from 
looking dispassionately at the nature 
nurture issue. l 

_ Whether or not there is anything we can 








usefully learn from the development of ; 


igio-American eugenics and human 
netics, it makes a marvellous story. 

.evies has done a prodigious amount of 
research and has uncovered a wealth of 
fascinating material. In the first part of the 
book, however, the author’s lack of philo- 
sophical sympathy with the central charac- 
ters, Galton, Pearson and Davenport, is 
tather too much in evidence. I found my- 
self irritated by his periodic forays into 
psychoanalysis, as when he speculates that 
“Galton may well have diverted frustra- 
tion over his own lack of children into an 
obsession with the eugenic propagation of 
Galton-like offspring”. And his portrait of 
Pearson seems somewhat one-sided, if the 
accounts of other authors are anything to 
go by. Contrast Kevles’s assertions that 
Pearson was “blinded by eugenic pre- 
judice” and that he “often display[ed] a 
relentless closed-mindedness” with Helen 
_Walker’s assessment (in the International 
Encyclopedia of the Social Sciences): “his 
first thought was to get to the truth and if 
intellectually convinced of an error, Pear- 
son was ready to admit it”. Questions of 
personality aside, Kevles hardly conveys 
adequately the magnitude and scope of 
Pearson’s achievements as a scientist, 
which were by no means restricted to the 
study of human heredity and statistical 
theory. 
<i have, though, nothing but praise for 
Kevles’s treatment of the “golden age” of 
British genetics: the age of Ronald Fisher, 
Lionel Penrose, Julian Huxley, J.B.S. 
Haldane and Lancelot Hogben. It was a 
time when the Galton Laboratory in Lon- 
don, in spite of being chronically under- 
funded, boasted an astonishing concentra- 
tion of talent and completely transformed 
the study of human genetics. Perhaps, in- 
deed, it was partly because of the lack of 
funds that they achieved so much: Hal- 
‘dane remarked that, in the absence of 
equipment, they were forced to think. It is 
an exciting, even inspiring tale. And 
_Kevles tells it beautifully. 
< The work done at the Galton laid the 
-foundations for all modern research on 
the subject: research which was eventually 
give rise to a new branch of medicine. 
With it came, first, genetic counselling, 

H programmes of genetic screening — 

or sickle-cell in blacks and Tay-Sachs in 
the Jewish population. Also amniocente- 
is and, latterly, chorionic biopsy, making 
t increasingly possible to detect genetic 
and chromosomal abnormalities in the 
womb and selectively to abort. The advent 
of in vitro fertilization raises possibilities 
previously undreamt of. We are still a long 
` way from being able, as Huxley put it, to 
“take charge of our own evolution”. But 
“we are a lot closer than when he said it. 
-And no closer, I fear, to knowing what we 
shall do with this power when we have it. 


Michael Lockwood is Staff Tutor in Philosophy 
in the Department for External Studies, Uni- 
-versity of Oxford, Rewley House, 1 Wellington 
“Square, Oxford OXI ZIJA, UK. 





changing face 
Joe Cann 


New Views on an Old Planet: Continental 
Drift and the History of the Earth. By 
Tjeerd H. van Andel. Cambridge Uni- 
versity Press: 1985. Pp.324. £15, $19.95. 


À CENTURY ago, gentlemen of leisure 
considered it quite the proper thing to 
take an active interest in geology. After 
all, geology had brought about the Hut- 
tonian Revolution, which extended the 
age of the Earth at least a thousand-fold, 
and evidence from fossils was central to 
the ideas of Darwin. Geology was seen 
as a key part of scientific culture. 

How different is the situation now! The 
Huttonian Revolution, which achieved as 
great a cultural change as the Copernican, 
is now taken for granted, even in the coun- 
try of its birth. Where is the monument at 
Jedburgh, where the signpost to Siccar 
Point? Moreover geology has since 
brought about another revolution, so that 
continents are mobile, sliding over the 
Earth, splitting and colliding, and sepa- 
rated by dynamically evolving deep-ocean 
basins, rather than fixed and anchored as 
the old orthodoxy would have it. So why is 
geology not again a central science? Is it 
because of the lack of informed popular- 
ization by creative geologists? Certainly 
much popular geological writing is abys- 
mally inept. 

Against this background it is particular- 
ly interesting to read Tjeerd van Andel’s 
new book. van Andel is not only a scientist 
who has contributed important elements 
to the new geological framework, but also 
a man of scholarship and wide erudition. 
Here he sets out to tell one part of the new 
story: how our ideas of geological history 
have been changed and how we have 
gained radical new insights into the chang- 
ing face of the Earth. 

This is only one half of the story, an 
important point to stress, since the book 
scarcely touches on geological process, 
the mechanisms by which geological 
changes occur. This is perhaps partly be- 
cause the subject is treated entirely with- 
out mathematics, but also, I suspect, 
because van Andel’s main interest lies in 


Earth history. The book arose from a` 


series of lectures to non-geologists at Stan- 
ford, and van Andel does try very hard to 
use the smallest possible selection of the 
multifarious and notorious specialist voca- 
bulary of geology. 





New edition 

è World Nuclear Directory: A Guide to Org- 
anizations and Research Activities in Atomic 
Energy, 7th Edn. consultant editor C.W.J. 
Wilson. The Directory includes details of some 
2.000 laboratories and establishments world- 
wide, and is published by Longman/Gale Re- 
search. Price is £95, $180. 


sell | 





“There are five main sections, starting — 
with the most recent topic, the last ice age. 
moving on to continental drift, and build- 
ing on that to examine climates of the past, 
before proceeding to look at the earliest 
stages of Earth history and, finally, the 
history of life. New Views on an Old Planet 
is well enough written and presented, but 
its main strength is the depth of insight it 
shows. A scientist of van Andel’s calibre 
does not bankrupt his knowledge in the 
writing of a single book, but selects 
creatively from his considerably greater 
store. Whatever the educational bargain- 
hunters of the present day say, a close 
involvement with research does enrich 
and enliven teaching (and populariza- 


tion); that shows clearly here. Perhaps the 


book will encourage other prominent 
geologists to attempt similar works, and 
perhaps this in turn will restore to geology 
some of its former public understanding. 


Joe Cann is J.B. Simpson Professor in the De- 
partment of Geology, University of Newcastle 
upon Tyne, Newcastle upon Tyne NEI] 7RU, 
UK. 





Catholic interests 
H.W. Paul 


Uneasy Genius: The Life and Work of 
Pierre Duhem. By Stanley L. Jaki. 
Martinus Nijhoff:1985. Pp.472. Dft.175, 
$65.50, £44.50. 


“Suu! Papa is looking for a theorem.” His 
daughter’s silence did not help Pierre 
Duhem (1861-1916) to discover any great 
theorems, but he did enough good physics 
to find a couple of equations that share his 
name with Margules and Gibbs. Less 
because of his physics than because of his 
work in the history and philosophy of sci- 
ence, Duhem is one of the best known of 
the generation of nineteenth-century 
giants whose immense productivity 
drives the jet-setters of today to despair. 
Nature’s obituary in 1916 hit the right 
note: 


If Duhem did not concentrate his main efforts 


on the discovery of new phenomena or the 
measurement and remeasurement of physical 


constants, he at least played an equally impor- Ae 


tant part in the advancement of our knowledge 


by evolving order out of chaos, and uniting 


isolated portions of mathematical physics in the 
form of a connected and logical theory. 


Be this as it may, Duhem’s classic work in. o 


thermodynamics has been resurrected : 


lately by mandarins of the calibre of Prigo-. 
gine and Truesdell. A reprintingin 196lo0f = 
his Recherches sur l’Hydrodynamique — 
(first published in 1903) shows the value of 
older work on the mechanics of fluids for 
the engineer when he has to worry about 
the shock waves produced at supersonic 
speeds. Contrary to the opinions of Perrin 
and Langevin, Duhem’s anti-atomism and 
opposition to relativity did not doom him 





> anticlerical 


ONS”. 





_to interment in the graveyard of dead 


©- paradigms. Like Berthelot. his lifelong 







< scientific opponent, Duhem also contri- 
buted to the development of the modern 
theory of explosives. Perhaps because he 
Was kept in Bordeaux for most of his 
» academic life. Duhem did not have a 


<o stable of students who worked on his 


ideas. and this contributed to his scientific 
oblivion in France. | 
In his brilliant study The Origins of 
Modern Science, written nearly 30 years 
ago. Herbert Butterfield paid proper 
homage to the work of Duhem in laying 
bare the structure of mediaeval physical 
thought. From the viewpoint of the 
republican establishment, 
Duhem’s discovery of the genius of 
> mediaeval Catholicism was as unwelcome 
-as his embarrassingly cogent attacks on 
Berthelot’s rotten thermochemistry. At 


least this was of more ideological signifi- 


cance than Duhemian fulminations on the 
Shaky status of Maxwell’s worm-eaten 
equations. As a right-wing, publicly con- 
spicuous Catholic in the state university, 
Duhem had no chance of getting a chair in 
Paris. This probably made little difference 
to the fortunes of science. At the end of 
the nineteenth century, a new galaxy of 
scientists appeared in Paris and the pro- 
vinces — the Curies, Perrin, Sabatier, 
Brillouin, Langevin —- who were also 
acceptable ideologically to the Third Re- 
public, an intolerant mistress intent on 
re-establishing France as a great scientific 
power. By a perverse logic of events, 
Duhem was also one of the main contribu- 
tors to another of the Republic’s success- 
ful programmes, the creation of a set of 
decent provincial faculties of science. 
Stanley Jaki’s book is the first complete 
“study of Duhem. This extensive treatment 
of the life and work of the author of the 
most famous book on theory in physics, 
The Aim and Structure of Physical Theory 
(1906), can only be welcomed with serious 
reservations. Its defects issue from Jaki’s 
uncompromising hostility towards the 
Third Republic and most of Duhem’s 
enemies. In addition to the distortions 
resulting from Jaki’s gut Catholicism, 
there are basic misconceptions concerning 
the French educational system (including 
grandes écoles in the Université) and the 
history of science in France (that Darwin- 
< ism was pushed in the faculties of science). 
- Often the style seems to be modelled on 
_ the first sentence of Areopagitica. Still, 
this is a book on an “uneasy genius” that 
deserves to be chewed and digested. Inthe 
end, historical truth remains as elusive as 
scientific truth, which, as Houllevigue 
said, “resembles more a woman in a veil 
than the resplendent nude that painters 
make arise out of a well”. G 





H.W. Paul is Professor of History at the Uni- 
versity of Florida, Gainesville, Florida 32611, 






= USA. His Knowledge to Power: The Rise of the 


= Science Empire in France, 1860-1939, will be 


-` published by Cambridge University Press later 
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——— BOOK REVIEWS — 
Beauty of defects 


A.K. Jonscher 





| conductors); “Spectroscopy of So 
| (with descriptions of optical, EPR 
| DLTS techniques); “Electro 
| Properties of Point Defects” (with 
| comprehensive review of defects in mä 
| 





Defects and Defect Processes in Nonmetal- 
lic Solids. By W. Hayes and A.M. Stone- 
ham. Wiley:1985. Pp.472. £54.30, $47. 


different materials); “Radiation-induc 
Defect Processes” (ranging from radia i 
damage and ion implantation to las 


| annealing and photolysis); “Propertie 
Earty concepts of solid state physics | Surfaces” (with special emphasis on de 
were developed on the model of a perfect | phenomena and including a discussio 
crystal — an ideal which proved extremely | sintering); and finally “Special Syste 
fruitful in generating a whole new branch | (which manages to include amorph 
of science. While it was recognized from | solids, metal—insulator transitions, inti 
the outset that defects were an inevitable | calates and polymers). a 
and often a highly beneficial ingredientin | The book will be a challenge to abk 
any real solid, for a long time it was con- | final-year students — it will broaden their. 
sidered sufficient to regard them as small 


| horizons but they should beware of 
perturbations of the perfect host lattice | becoming too engrossed in the detail — 
and, in any case, to treat them as isolated 


while for post-graduates this will be an 
and non-interacting entities. Only gra- 


ideal text to provide the background to 
dually did the impact of developing tech- | many research topics. Teachers, too, will 
nology — of, for example, heavily doped 








here find inspiration, though it may be 
and later amorphous semiconductors, or necessary to dig deep into the subsidiary 
literature to follow up the items which are 
mentioned almost casually in the text. To. 
a large degree, this is much more than a: 
didactic. text and has many features of a- 
reference source. The seemingly effortless _ 
way in which the authors treat a wealth of- 
topics should not deceive anyone into” 
thinking that things are allthateasy. O 


the progressive refinement of semicon- 
ductor devices or superionic conductors 
~~ demand a better understanding of the 
fundamental processes involving defects. 
The interaction of defects, exemplified by 
the phrase “ecology of solid state pollu- 
tion”, as a keyword-conscious researcher 
described simultaneous diffusion of two 
impurities in silicon, became increasingly 
a topic of detailed study. 

Hayes and Stoneham’s book is an im- 
portant and probably a unique addition to 
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A.K. Jonscher is Professor of Solid Siate 
Electronics in the Department of Physics, King's 
College London (KQC), Pulton Place, London 
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the literature of this subject. It is remark- 


















; S ; NEW 
able in several respects. First, it combines TITLES 
outstanding readability with a depth of 
treatment which can be deceptive in that it SEE E 
can give the reader the impression that he | |, THE ACID RAIN DEBATE 
has understood a certain point, until on | | SCIENTIFIC, ECONOMIC, AND 
closer examination he will find that on any —___FOUTICAL DIMENSIONS 
single page there may be several other Edited ii E Seba and 


matters raised which require further 
study. The treatment is made both 
interesting and illuminating by the fre- 
quent inclusion of summary tables and 
other “integrating” features which bring 
together aspects of the subject not nor- 
mally found under one heading, such as a 
full-page glossary of the main species of- 
excitons. | 

The second unusual feature is the- 
inclusion of many theoretical discussions 


This collection of essays by noted academics, 
lawyers, energy administrators, and research 
analysts focuses on the political and legal 
aspects of the acid rain debate, the policy 
options for resolving the controversy, and the 
international dimensions of acid rain control. |. 
The book complements the impressive body of 
research from the natural sciences and is 
supplemented by a comprehensive annotated 
bibliography on acid rain and relevant social 
science research. 
i Westview Press, September 1985, : 
¢.200 pages. ISBN 0 8133 7065 5, pb, £18.00 








which start with the simplest concepts and | oe RAIN AND 
bring in, sometimes almost as asides, | va TRANSPORTED 
progressive refinements of approach AIR POLLUTANTS 


IMPLICATIONS FOR PUBLIC POLICY | | 


Office of Technology Assessment | 
Congress of the United States 


Examining the subject fram environmental, 
health, social, economic, and geographic 
viewpoints, this timely book gives a balanced — 
coverage of ali aspects of the acid rain 

controversy. 
Unipub, 1985, 330 
ISBN O 89059 044 3, hb, £22 


which demand much wider reading. If one 
wishes to delve further, the up-to-date 
bibliography is very helpful; if not, one 
has at least been left under no illusion that 
the simple picture is the end of the matter. 

The following chapter headings give an 
impression of the sheer breadth of the 
book’s contents: “Electronic Properties” 
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electron-hole drops thrown in for good 
measure); “Interatomic Forces and 
Atomic Motions” (including defects and 
amorphous solids); “Lattice Defects” 
(with a discussion of fast ionic 
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BOOK REVIEWS 


Problems, problems, problems. . . 


_ Harry L. Shipman 


_ Tue era of specialization is now well adv- 
anced. The last scientists to think of them- 
selves as “physicists” rather than “solid- 
= State physicists” or “high-energy physi- 
cists” are now nearing retirement age. 
Astrophysics is rapidly progressing in the 
same direction; some people who study 
~ galaxies have little appreciation of current 
research in stellar astronomy, and vice 
versa. One scientist once asked me, when 
I first met him, “What quarter acre of 
_ ground do you plough?”. And much of the 
_ scientific literature, even review articles, 
- consists of accounts of particular quarter- 
acres, with no attempt to describe the 
bigger picture. 
_ _Ginzburg's brief and entertaining book 
is a welcome exception to this trend and 
succeeds, for the most part, in describing 
what the entire landscape looks like, cros- 
_ sing the bounds of sub-specialities and giv- 
_ ing a working scientist or student a feeling 
for what the person down the hall is really 
_ doing. He selects about 20 problems, di- 
viding them into “macrophysics” (gener- 
ally condensed matter, but including two 
problems in plasmas and one in nuclear 
_ physics), “microphysics” (particle phy- 
= sics} and astrophysics. You don’t need to 
understand the specialized jargon in each 
of the fields in order to understand the 
_ book. (By specialized jargon I mean terms 
= such as quantum Hall effect or Seyfert 
galaxy.) Each problem is discussed quite 
‘thoroughly, with a comprehensive set of 
references. Ginzburg has a remarkable, 
and welcome, international perspective — 
only a third of the hundreds of references 
are to literature in Russian, with the rest 
about evenly divided between American 
and non-American journals. 
| Physical intuition plays a large part in 
many of the chapters. Ginzburg leads the 
reader through back-of-the-envelope cal- 
= culations, simple, easily understood de- 


PE 


= rivations which tell you how, for example, 


-~ the magnetization of some material de- 
pends on temperature, without consider- 
ing whether fripperies such as the square 
root of pi are part of the answer. It was 
only when I read an earlier edition of this 
book some years ago that I learned why 
my solid-state friends were going to great 


lengths to measure critical exponents — 


p: 


parameters that describe how important 
physical quantities change near a phase 
transition. A reader can understand not 
only what some important problems in 


fields far from his or her quarter acre of 


ground are, but why they fascinate the 
practitioners in that area. 

Ginzburg has done an excellent job in 
keeping the book up to date, at least in 
including recent work on the problems 





Physics and Astrophysics: A Selection of Key Problems. By V. L. Ginzburg. 
Pergamon: 1985. Pp.125. Hbk £16.75, $23.50; pbk £8.95, $12.50. 


which he originally selected. The dis- 
covery of the W particle in 1983 is in here, 
as is the wait for the proton to decay, as 
are the ultrafast pulsars. I found only one 
place where he missed a beat — he intro- 
duces the spectroscopic and photometric 
measurements which indicated a concen- 
tration of fast-moving stars at the core of 
the giant elliptical galaxy M87, and which 
were interpreted as evidence for a black 
hole, but he doesn’t mention subsequent 
work which showed that the evidence 
doesn’t require a black hole. 

Anyone who tries to select “key prob- 
lems” — even in a subfield — has a lot of 


A 


Bs So o 
V. L. Ginzburg — view beyond the back yard. 
courage, and Ginzburg does more than 
just about anyone in taking on all of phy- 
sics and astrophysics rather than just one 
tiny part. He makes no secret that “the 
subjective and controversial character of 
this book is quite apparent and readers 
have been warned — although, of course, 
such warnings are rarely heeded”. He uses 
the problem of selecting “key problems”, 
and the criticism he received as a result of 
it, as the springboard to several discus- 
sions of the way that science is done — just 
what it is that constitutes a “key problem”, 
and the nature of scientific revolutions. 
He never precisely defines his selection 
criterion, but the book’s contents indicate 
that he is interested mostly in unusual phe- 
nomena. Problems that appear include 
superconductivity, X-ray lasers, far- 
transuranic elements, grand unification 
theory, black holes and neutrino astron- 
omy. 

My reaction to the selection of prob- 
lems is that, at least in astrophysics, Ginz- 
burg’s choice is a perfectly reasonable 
one, for the early 1970s. But the book 
shows its age. The first Russian edition 
appeared in 1971, and an English edition 












was published in 1976. For this latest edi- 
tion updating has been carried out pri- 
marily by appending text to each chapter. 
As a result, the discussion of these prob- 
lems is quite current, but there are many 
hot topics which aren't in here at all. In 
condensed matter, I'll pick, rather arbit- 
rarily, lower-dimensional materials and 
chaos as subjects of great contemporary 
interest which aren’t included. Much of 
the excitement surrounding grand unified 
theories has been squeezed into a section 
originally entitled “CP invariance”, but 
the cosmic connection between particle 
physics and cosmology is only alluded to 
briefly. The large-scale structure of the 
Universe, star formation, solar and stellar 
oscillations, the various evolutionary 
channels in late stages of stellar evolution, 
and dark matter, are other matters which 
are discussed only briefly, if at all. 

Each reader, of course, will have his or 
her own list and it will undoubtedly in- 
clude some problems which aren't in the 
book simply because those questions 
weren't asked when it was first written. 
Furthermore, the structure of the book 
dictates that some areas, such biophysics, 
are not covered. Atomic and nuclear phy- 
sics are also generally left out, and Ginz- 
burg discusses much of the criticism which 
he has received for that choice, which was 
apparently deliberate. 

Some of the problems covered are a bit 
dated. Testing general relativity, a key 
issue of the 1970s, has basically been com- 
pleted in the weak-field limit (as Ginzburg 
himself points out), and it’s at least less 
fashionable, if not less important, these 
days. Ginzburg makes a big issue of 
attacking (correctly, in my view) those 
astrophysicists who want to seek new 
physical laws around every corner, but 
once again the question of whether quasar 
redshifts are cosmological has subsided in 
the face of some overwhelming evidence 
that the redshifts of at least some, and 
probably all, quasars are produced by the 
expanding Universe. 

There are some similar books around, 
which are the results of official commis- 
sions or review panels. But no matter how 
careful the deliberation of such panels, the 
impersonal style of any committee docu- 
ment generally makes it about as inspiring 
to read as an integral table. Ginzburg’s 
book, however idiosyncratic and dated, is 
undoubtedly a good read; his imagination 
and insight come through on every page, 
and are well reflected in the English trans- 
lation. Graduate students and young sci- 
entists should get hold of it, for it is one of 
the few places in print where one can ac- 
quire some idea of the exciting problems 
in contemporary physics and astrophysics. 
Those of us who have proceeded too far 
down the road of specialization will find in 
it a welcome view of the physical world 
beyond our own back yards. 


Harry L. Shipman is Professor of Physics at the 
University of Delaware, Newark, Delaware 
19716, USA. 
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On minimizing the consequences of 


nuclear war 


from Carl Sagan 





The likely long-term global consequences of nuclear war remain catastrophic, despite attempts to 2 


minimize the dangers. 





A FULL-SCALE nuclear war would be an 
unprecedented human catastrophe. But 
because we have no direct experience of 
such a war, the consequences and the 
policy implications must to some extent 
be uncertain. After an initial indication 
that soot from nuclear fires might provide 
significant atmospheric opacity’, recent 
calculations (refs 2, 3 and subsequent 
investigations) have shown that the soot 
and dust attendant on nuclear war could, 
under many contingencies, cool and 
darken the Earth, with devastating global 
biological consequences*. This climatic 
Catastrophe is called nuclear winter. 

We believe our calculations™ to be a 
valid first-order assessment, although 
further research is needed to reduce 
uncertainties. We know of no factors that 
significantly and reliably reduce the possi- 
bility of grave worldwide climatic effects 
after a large-scale nuclear war. A survey 
by the US National Academy of Sciences’ 
concludes that there is a “clear possibility” 
both of “severe” consequences and of 
effects “that would be greater than, and 
would last longer than, that estimated in 
the baseline case”. It is also possible that 
uncertainties might ameliorate the 
baseline climatic catastrophe. A study, by 
a committee appointed by the Royal 
Society of Canada**, concludes “we 
believe nuclear winter to be a formidable 
threat” and its analyses “tend to confirm 
that a drastic cooling will occur in the 
wake of a major nuclear war”. An exten- 
sive analysis by a committee of the Inter- 
national Council of Scientific Unions” 
concludes “There is a considerable proba- 
bility a major nuclear war could gravely 
disrupt the global environment and world 
society.” 

Because these results and their im- 
plications for policy and doctrine® are at 
considerable variance with the prevailing 
wisdom, it is natural and healthy that com- 
petent criticism be aired. However, in 
parallel with an inclination in the popular 
literature to exaggerate the consequences 
of nuclear war, there has also been a tend- 
ency in many professional pronounce- 
ments to down-play the consequences, a 
tendency which has been noted (and not 
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only with respect to nuclear war) in the 
risk-assessment literature“, 

In a recent Nature article’, in The 
Reader's Digest” and in testimony before 
the Committee on Science and Tech- 
nology of the US House of Representa- 
tives’, Edward Teller has demonstrated a 
dangerous propensity to minimize or 
ignore the consequences of nuclear war. 
He concludes that radioactive fallout, 
depletion of the protective ozone layer, 
and nuclear winter following a major 
nuclear war have all been “exaggerated”. 
He artificially divides the total problem 
into small pieces, and then pronounces 
each piece “manageable”. 


Fallout 


Teller concludes that fallout is “far less 
important than originally feared”, Un- 
accountably he does not deal with the 
prompt fallout that would contaminate 
large areas of the target zones and adjacent 
territory in a nuclear war, eventually caus- 
ing at least tens of millions of civilian 
fatalities'’. In a major nuclear war, 30 per 
cent of Northern mid-latitude land areas, 
where the majority of people live, could 
receive fallout burdens approaching or 
exceeding the acute mean lethal dose for 
unprotected populations**. By any stan- 
dard, such effects would seem worthy of 
note. 

On an intermediate timescale, still more 
widespread radioactive fallout would, 
over the years, cause further millions of 
cases of cancer and birth defects among 
the survivors of a nuclear war'' and would 
produce serious effects synergistic with 
other consequences of nuclear war’. Teller 
says that the “best current calculations” 
from the Livermore weapons laboratory" 
indicate average long-term mid-latitude 
doses of about 20 rem, provided nuclear 
reactors, fuel reprocessing plants and 
spent fuel storage facilities are not tar- 
geted. But these calculations (still unpub- 
lished in a refereed journal) are based on 
relatively simple empirical scaling from 
nuclear test explosions, few of which were 
of a yield, or in a location, corresponding 
to a realistic war situation. 

We independently*” used a microphysi- 
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cal model to predict likely radiation doses 
two to three times larger than did the 
Livermore study, with the same exclusion 
of nuclear power facilities. Neither model 
is entirely suited to this problem, but we 
must at least consider that the plausible 
range of such average long-term doses is 
20 to 50 rem, at least an order of magnitude 
greater than the conventional wisdom, — 
from which Teller did not, until recently, E 
dissent. Both calculations also assume a 
fission yield fraction of 0.5, when smaller 
modern warheads may have fission yield _ 
fractions closer to 1.0. 7 
Considering the other multiplicative — 
factors quoted by Teller and by us™ (for — 
‘hotspots’ and concurrent internal doses), — 
plus the computational factors mentioned, — 
which increase the dose range by factors _ 
of 2.5 to’ 5, it seems clear that long-term yi: 
radiation exposure could be much more 
serious than Teller assumes. The radiation — 
dose would be still larger if more than 
5,000 MT were detonated (more than E- 
twice this yield exists in the current 
strategic arsenals) or if nuclear fuel pro- 
cessing and storage sites were attacked, 
which is not unlikely in a major nuclear 
war. a 
When delivered acute whole-body doses 
exceed about 100 rem, the human immune 
system begins to be compromised; when _ 
coupled with other assaults on people and 
their environment occasioned by nuclear 
warfare, such doses can have extremely 
serious implications*. Nevertheless, 
prompt radioactive fallout, in almost every 
Case, presents the more serious threat to 
mid-latitude populations. But fallout on 
an intermediate timescale could produce __ 
serious, unpredictable and continuing 
morbidity worldwide and for generations _ 
to come. B 
It is thus simply untrue that fallout is — 
“far less important than originally feared”. 
Fallout, not taken properly into account 
when nuclear weapons were first designed, 
began to be studied seriously only after 
the Bravo test of the Castle series at Bikini 
on 1 March 1954, which accidentally con- 
taminated (with doses in excess of 
100 rem) the atoll of Rongelap in the Mar- ) 
shall Islands, and the Japanese fishing _ >. 









_ vessel The Lucky Dragon. Although some 
work on fallout was done as early as the 
Trinity Test in 1945'*, not until Castle 
_ Bravo was there extensive public dis- 
cussion of the issue, eventually contribut- 
ing to the 1963 Limited Test Ban Treaty. 


- Ozonosphere depletion 


On the effects of nuclear explosions on 
the ozone layer, it is misleading merely to 
compare the widespread systematic 
decreases in ozone caused by massive NO, 
_ injections in a nuclear war with the natural 
fluctuations and latitudinal variations 
observed in the ambient ozone layer. Such 
_ fluctuations would be superimposed on a 
decrease by several tens of per cent caused 
i i a large nuclear war.’ Here, as in other 
long-term consequences of nuclear war, it 
_ is important to distinguish between mean 
- values and maximum excursions, both in 
v4 time and in space. After a major nuclear 
war, average ultraviolet-B intensity would 
f be increased above background by several 
factors for years, almost everywhere*”. 
‘Ecosystems are generally adapted to local 
__ ultraviolet fluxes, and serious damage can 
Ww result from a sudden i increase in exposure 
on this scale °. 
_ Teller states that there are compara- 
tively few auclear weapons of yield 
- sufficient to lift NO, high enough to cause 
ozone depletion. At mid-latitudes, the 
fireball from a 100 KT explosion will just 
_ penetrate the lower stratosphere. Most 
_ strategic warheads deployed and planned 
by both nuclear alliances have warheads 
3 exceeding 100 KT and, especially when 
= gravity bombs are included, span the 
-rough yield range from 100 KT to 1 MT 
(with some older weapons ranging an 
order of magnitude higher and some sub- 
_ marine-launched ballistic missile war- 
_ heads a factor =2 lower)'®'’. Teller over- 
looks the reinforcing effects of multiple 
J nuclear explosions (such as from two or 
_ three bursts in rapid succession over one 
missile silo, with perhaps 100-200 MT det- 
$ onated over a silo complex) in propelling 
nuclear debris to high altitudes, and the 
= possibility of large-scale firestorm injec- 
= tion into the stratosphere. For these rea- 
_ sons, the present and future potential for 
_ ozonosphere depletion must continue to 
_ be monitored as an important secondary 
effect of nuclear weapons. It is noteworthy 
a _ that the threat to the ozonosphere from 
nuclear weapons was first publicly iden- 
_ tified not by those working on the develop- 
k; ment of nuclear weapons but by those 
$ studying an apparently unrelated prob- 
lem, the effluents from proposed super- 
= sonic transport aircraft". 


4 Dust 


Teller invokes a still classified Livermore 
_ report, with no designation number, on 
the climatic effects of dust. Perhaps the 
report alluded to is an early analysis of 
the dust mass in nuclear clouds from test 















COMMENTARY 


explosions, recently released by the cited 
authors as an informal and unclassified 
Livermore publication’? (and which does 
not mention climatic effects at all). 

Teller told the US House of Representa- 
tives committee” that, after assuming the 
directorship of the Lawrence Livermore 
National Laboratory in 1958, and after 
having been “troubled” by the possible 
climatic effects of dust “for decades before 
the publication of the ... report” (ref. 3), 
he initiated an early computer study: 
“Without that, .. . all this discussion could 
not have taken place.” In fact, none of the 
recent studies, and certainly none of our 
results, arise from these investigations, 
once again unpublished in refereed scien- 
tific journals. That during this period the 
US government was ignorant of the cli- 
matic consequences of nuclear war is 
made clear by the manner in which this 
topic is overlooked in the official study 
“An assessment of frequently neglected 
effects of nuclear attacks” p repared in 1978 
and recently declassified. Moreover, 
there is no record of Teller having spoken 
publicly about such climatic effects before 
1982. 

Teller’s assertions that “dust raised by 


a large-scale war is comparable with that’ 


produced in the largest volcanic erup- 
tions” and that the “most probable con- 
clusion is that the ... effects of dust would 
be noticeable but by no means severe on 
a hemispheric scale” have no quantitative 
foundation, and fly in the face of contrary 
evidence. Again, Teller divorces dust 
effects from all other simultaneous effects. 
Even isolated volcanic eruptions have 
been associated with striking weather 
anomalies, crop failures and significant 
human suffering. Through changes in the 
planetary albedo and general circulation, 
dust can, „pave major climatic con- 
sequences” 

Tests with chemical explosives are not 
a reliable basis for nuclear dust calcula- 
tions. Unlike their chemical counterparts, 
nuclear explosions attain such great tem- 
peratures and pressures that vaporized 
and melted surface material contributes in 
a major way to the generation of fine dust 
particles (smaller than several microm- 
etres in radius), and the steep thermal 
gradients can produce effects (such as 
‘popcorning’) essentially unknown in 
chemical explosions. Tests of high explos- 
ives may, however, tell us something about 
the ejecta and sweep-up components of 
dust clouds, and place lower limits on 
these components in nuclear explosions. 
Multi-burst phenomena are also likely to 
augment dust production and injection 
heights over those expected from 
individual non-interacting explosions. 


Smoke 


Descriptions of severe climatic effects 
caused by smoke and dust in a nuclear 
war are based on detailed energy-balance 
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calculations, including a parametric treat- 
ment of important three-dimensional pro- 
cesses. In our calculations, we did not 
‘assume’ large smoke emissions, but calcu- 
lated them using data from the fire and 
civil defence literature. We selected the 
most probable values of key input para- 
meters and considered likely variations of 
each parameter from that choice. Gen- 
erally speaking, our climatic results, for 
almost fifty different cases, fall within a 
broad range of plausible outcomes that 
vary from significant to grave. The results 
remain within this range as key physical 
parameters describing dust and smoke 
production and their properties are varied 
over their intervals of uncertainty. In this 
sense, the results can be described as 
‘robust’ (we do not insist on the term), 
although not ‘conclusive’ or ‘proved’. 
Compared with our predictions, including 
our allowances for the thermal inertia of 
the oceans, the actual after-effects of a 
full-scale nuclear war are as likely to be 
more as less severe. Moreover, even small- 
scale nuclear wars may produce major cli- 
matic effects, on at least hemispheric 
scales, provided cities are targeted*”. 
Wind transport of dense smoke patches 
and streamers can produce “quick 
freezes” in distant localities very soon 
after the explosions”. 

To mitigate nuclear winter, Teller seems 
to be invoking a meteorological miracle, 
involving various speculative ‘abnormal 
mechanisms’. He mentions the importance 
of the water vapour budget of the atmos- 
phere. But we explicitly accounted for 
water cycling and scavenging by precipita- 
tion in our calculations of smoke lifetime, 
employing the conservative assumption 
that smoke is efficiently scavenged, which 
may not be true. Up to 50 per cent of all 
smoke was taken to be removed in immed- 
iate black rain. There is therefore no 
evidence that the water issue raised by 
Teller is more important than already 
allowed for in our calculations. | 
Capping clouds. One of Teller’s arguments 
is that capping clouds will form above 
large fires, accelerating smoke removal. 
But such clouds do not occur over all fires; 
their occurrence depends on the local 
meteorology. It is not even clear that 
smoke particles contained in a capping 
cloud are removed from the atmosphere; 
micrometre-sized cloud particles are 
different from millimetre-sized precipita- 
tion particles. L. Radke observed a cap- 
ping cloud over a prescribed forest burn 
in 1978°, and by good chance measured 
the smoke properties in two dissimilar air 
parcels within the plume: one parcel had 
passed through the capping cloud, the 
other had not. In the cloud-processed 
smoke, the concentration of the smallest 
particles, =0.05 um radius, was less by a 
factor of about 10 than in the free-drifting 
smoke, but the total smoke mass was 
comparable in both parcels. The larger 
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pa ides were similar i in number, dad the 
measured optical scattering coefficients 
vere essentially indistinguishable. In 
ther words the processed and un- 


equal climatic impact. (The Stokes- 


wind of wild-fires, the submicrometre 


nificant in the average case. 
Vashout in storms. We made separate cli- 
late calculations for ocean and land 
environments, using knowledge 
ocean/continent wind patterns and the 
-= normal climate to estimate the ameliorat- 
ing effects of the oceans on land tem- 
“peratures’”. Thus, while we did not 
perform a three-dimensional calculation, 
_ «the mean effects of oceans were approxi- 
mately included “in a quantitative man- 
ner”. Our estimates were later s upported 
by Livermore”, NCAR” Logs 
Alamos** and Soviet?**° two- and three- 
dimensional calculations for similar 
conditions. (The important Livermore 
calculations unfortunately remain unpub- 
lished in refereed journals.) -The 
ameliorating effect of oceanic temperature 
must, of course, be limited; otherwise 
natural winters would not occur every 
. year. While storms at ocean/continent 
< margins would remove some of the lower- 
. level smoke, they would also carry some 
to higher altitudes. Further work is needed 
on initial and subsequent removal rates 
and on the height of the stabilized smoke 
cloud. 
Teller’s speculation that smoke removal 
might be self-accelerating is unsound. 
-Satellite photographs of fire plumes”’ typi- 
cally show smooth and rapid dispersion 
over many hundreds of kilometres, with 
no indication of induced turbulence and 
washout. Furthermore, enhanced spread- 
ing and stabilization of. dark oil fire plumes 
have been observed”. 
Smoke nucleation. The nucleating ability 
of smoke particles depends on their origin. 
In forest fires, where induced winds are 
expected to lift quantities of ash, char and 
_ soil debris, a substantial fraction of the 
-particles (around 10 per cent) may act as 
-water condensation nuclei’’. However, in 
an oil fire plume without extraneous con- 
taminating particle sources, there appears 
be no significant increase of nuclei con- 
centration over background*’. There is 
also substantial observational evidence 
that fire plumes do not enhance, and may 
indeed suppress, rain formation in cane 
field fires*', forest fires? and oil fires”. 
The origins of the black rains at 
Hiroshima and Nagasaki have not been 
unambiguously determined, although the 
phenomenon is clearly related to the large 
fires. Recent fire plume simulations based 
1 detailed cloud physics models” suggest 


















‘processed smokes would have nearly 


Cunningham fall velocities of these smoke — 
particles are entirely negligible.) Down- | 


' smoke particle size distributions are | 


usually very similar’**, which further 
Suggests that cloud processing is not sig- - 


of 





reaching 
‘Moreover, because of the necessarily 
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that smoke rainout may not be as frequent 
or as efficient as has been inferred from 
the anecdotal accounts at Hiroshima, or 
as was assumed in our calculations. A 
range of recent studies, presented at a 
Defense Nuclear Agency Conference on 
Large-Scale Fire Phenomenology | 
(National Bureau of Standards, 10-13 
September 1984), suggests that intense 
urban firestorms can propel tens of per 
cent of fine soot particles to high altitudes. 





(See also ref. 32.) Solar radiative heating 


of low-altitude soot can also propel it to 


_ even higher altitudes, where the residence | 


time is approximately one year, and the 
coverage can rapidly become global.” 
These are additional respects in which the - 
calculations in ref. 3 may be conservative. 
Teller’s mechanism for smoke removal 
depends on at least two unsupported con- 
tentions: 
(1) that turbulent coastal weather can 
wash out a significant fraction of nuclear 
smoke before it can be widely dispersed; 
and 
(2) that smoke clouds tend to become 
more patchy, not less, as they disperse 
through the atmosphere, which is contra- 
dicted by direct observations of pollutant 
tracers. 
Urban smoke estimates. Broyles”, the 
Livermore consultant whose estimates of 
urban smoke emission are cited by Teller, 
relies heavily on forest fire data, and does 
not review the urban fire literature or dis- 
cuss smoke emissions characteristic of 
urban materials and conflagrations. Thus 
“proper modifications” for the urban case 
have not all been made. For example, 
Broyles, in his analysis, adopts smoke 
emission factors ranging from 0.1 per cent 
to. 6.3 per cent, but the lower value is 
clearly inapplicable to cities, with their 
fossil fuel stocks and plastics. Accord- 
ingly, it is likely that Broyles’ lower limit 
to smoke emission of 15 Tg (incidentally, 
not a strict limit) greatly understates the 
problem. However, even 10 Tg of sooty 
smoke, uniformly distributed, could de- 
crease the average amount of sunlight 
the Earth by one-third. 


uneven burning and restricted ventilation 
of large fires, more smoke than expected 
may be produced; experimental data show 
that restricted air flow greatly increases 
smoke generation”, 

Assessments of the quantities of “fuels” 
available in urban areas have been made 
by several groups’****. These assessments 
are all in general agreement, although 
more detailed information is clearly 
needed. Teller notes that 150Tg of 
“fuel” is available at US oil refineries”. 
However—including refineries through- 
out North America, the Soviet Union, 
Europe and the Middle East, as well as 
fuels in storage at transit nodes in urban | 
areas, processed flammables in tankage, 
warehouses and transport, and such end 













jodas in use as roofing, pavi 
plastics—the actual figure for availa 
fossil fuels and products seems to be 
times Teller’s figure, or some 1,500 Tg 
5, 36). US strategic oil reserves in und 
ground salt domes amount to about 80 
(the reserves are currently about one-h 
full). In some cases, the oil is close eno 
to the surface to pool and burn withi 
weapons-generated crater. 

While Teller agrees that 10 per cent 
the fossil fuel compounds would b 
verted to smoke when burned, so’ 
per cent or more of the smoke would 
sist of soot with large absorption 
efficients in the visible, not the 10 per 
he assumes*”*°. Hence, Tellers estim 
of potential soot emission from fos 
based fuels alone is low by a factor 
some 10x6=60. A total petroleun 
derived soot emission of 90 Tg is possib 
if major urban/industrial areas | ar 
attacked—sufficient to reduce ‘averag 
direct global sunlight intensities to 4% of 
ambient. 

Realistically, absorbing and scattering 
particles from sources other than 
petroleum should also be included in the 
calculations. Urban combustibles (for 
example wood, paper, cloth, paint, house 
hold chemicals, rubber and synthetic 
fibres) could, we calculate, release another 
10 to 100 Tg of smoke. Wildfires ignited 
by nuclear explosions over forest and 
grasslands could emit anywhere from 0 to 
50 Tg of smoke. Dust would also be gener. 
ated by surface nuclear detonations 
attacks on hard military targets might add 
10 to 100 Tg of fine scattering particles to 
| the upper atmosphere. Powerful convec- 
ive winds over fires could raise urban 
debris (for example, masonry dust, metal 
smoke, fine ash) in large quantities. In 
summary, it does not seem difficult, in: 
wide range of nuclear war scenarios, t 
loft sufficient sooty smoke and dust°to 
initiate major climatic effects —especiall | 
if cities are burned. z 

It is also. worth mentioning tha 
explosions and fires in urban/industris 
areas would release, suddenly, large qua’ 
tities. of toxic chemicals (pyrotoxins) $ 
the atmosphere’”. This problem remain 
to be fully. quantified, and could provi 
the next departure from the conventio: 
wisdom in studies of the consequences 
nuclear war. 

In his Congressional testimony, Teller 
_asserted “If you reduce the smoke by 
factor of two, then instead of a te 
perature decrease which is sizeable, yo 
get temperature changes which are in som 
cases negative, in some cases positi 
... The calculations so far...seem t 
show that about one-half of the smok 
assumed in the paper of Turco and other: 
about one-half the smoke is already belon 
the threshold [for significant climati 
effects]. Now if somebody i is dedicated 
| exaggeration, we can't stop him.” In fa c 































































































































r troposphere, ‘the abundance can be 
enth that in our baseline case*, or 
nd 20 Tg, and serious climatic con- 
quences, of at least hemispheric scale, 
I still follow. Regional-scale effects are 
ikely with even smaller soot loadings. 





New weapons 
feller claims that, because of a trend 
owards more accurate  lower-yield 
veapons, collateral damage, ozonosphere 
lepletion, fires and nuclear winter will, in 
he future, be much less likely to occur; 
nd also that ballistic missile defence 
yuid further reduce the threat of fires 
d smoke. But most new strategic 
ons deployments in the next decade 
© will apparently involve warheads 
1¢ 100 KT to 1 MT range'®'”. A 100 KT 
arst- can destroy up to 50 km’. 
V apons of this yield, used against indus- 
| areas, are the ideal incendiary devices 
: adjacent or co-located cities; they have 
i quick thermal pulse, and do not produce 
rge areas of deep rubble. Thus, the 
econfiguration of nuclear arsenals now 
nderway may be, inadvertently, a move 
owards a more effective stockpile of 
nuclear weapons for burning cities and 
riggering nuclear winter—unless it is 
iccompanied by a dramatic reduction in 
the strategic arsenals. In addition, the 
Minuteman HI and SS-18 missiles, with 
heir 300 to 600 KT warheads, are likely 
6 be with us for some time to come. 
< Itis extremely shortsighted to assume 
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that defensive measures. against ballistic 


missiles will not stimulate new offensive 
deployments. Effective defence systems 
are not technically feasible or even de- 
signed, could not be deployed for decades, 
and when deployed would be vulnerable 
to direct attack, to underflying (for 
example, by aircraft and cruise missiles) 
and to relatively simple counter- 
measures’ **, The cities—and therefore 
the entire Northern Hemisphere, at least— 
will remain in serious jeopardy for the 
foreseeable future. It is not apparent that 
the peril can be significantly reduced 
without a major reversal of the nuclear 
arms race. Other reasons that low-yield 
weapons and strategic defence are 
unlikely to resolve the issues raised by 
nuclear winter are discussed elsewhere’. 


Teller’s conclusions 


Here, while Teller reiterates some of his 
arguments, he concludes, nevertheless, 
that severe climatic perturbations could 
occur after a nuclear war, threatening 
world populations. The only solution that 
he puts forward is to store food for sur- 
vivors in the United States and some other 
(unspecified) nations. 

Teller writes, “Highly speculative 
theories of world-wide destruction—even 
the end of life on Earth—used as a call 
for a particular kind of political action 
serve neither the good reputation of 
science nor dispassionate political 
thought.” But, before it was widely known 
that there were dangers from fallout, or 
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matic elen. we were “not: ‘being warned E 
that the alleged absence of widespread or 
long-term effects was speculative, or that 
the consequences of nuclear war might be 
more severe than asserted by those respon- 
sible for national policy and many of their 
scientific advisers. However, when a range 

of scientific evidence suggests that these 
effects are real, with grave biological and 
social consequences, then Teller comes. 
forth to minimize the possible consequen- 
ces, reminding us that not all the evidence 

is in, This, I suggest, is a clear double 
standard of scientific evidence at work. 
Teller’s attempt to minimize the wide- 
spread and long-term consequences of 
nuclear war has in fact made possible “a _ 
particular kind of political action’— —- 
namely, the accession of ever-increasing 
numbers of weapons of mass destruction, 
beyond any military utility, and far beyond. 
the requirements of strategic deterrence. 

I have benefited enormously from dis- 
cussion with my co-authors in refs 2 and 

3, R. P. Turco, O. B. Toon, T. P. Ackerman, 
and J. B. Pollack; I am grateful to them, =- 
especially R. P. Turco, and to Hans Bethe, 
Paul Crutzen, Ann Druyan, Richard L- 
Garwin, Lester Grinspoon, John Holdren, 
Dorothy Nelkin, Stephen H. Schneider . 
and Steven Soter for a critical seansa g of 
this paper. 
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DNA recombinant technology has radically changed hepatitis B virus (HBV) virology. The genetic 
organization, transcription and replication of the virus are basically understood, structures of integrated 
HBV sequences in hepatocellular carcinoma have been characterized, and new vaccines produced by 

recombinant DNA technique are being developed. = 





HEPATITIS B is a public health problem of worldwide import- 
ance. In Far-East Asia and tropical Africa, chronic carriers of 
the hepatitis B virus (HBV) represent 10% or more of the 
population and chronic active hepatitis and liver cirrhosis are 
major causes of mortality. Moreover, epidemiological studies 
have clearly shown the importance of HBV in hepatocellular 
carcinoma (HCC), one of the most common cancers in the 
world’. In China, between 500,000 and one million new cases 
appear every year. HBV in one of the few viruses known to be 
involved in a human cancer. 

HBV infection is highly polymorphic, ranging from inap- 
parent forms to acute hepatitis and severe chronic liver disease. 
The pathological consequences of the viral infection are unpre- 
dictable and the mechanism of liver damage is not fully under- 
stood. The virus is not cytolytic and the host immune response 
to viral antigens present at the liver cell membrane has a major 
role in the pathogenesis of HBV-related liver diseases’. 

HBV belongs to the group of animal viruses known as the 
hepadna viridae’. The other members of this group are the 
woodchuck hepatitis virus (WHV)*, the beechey ground squirrel 
hepatitis virus (GSHV)° and the Pekin duck hepatitis B virus 
(DHBV)°. All these viruses have a common structure, They are 
mainly hepatrotropic and lead to persistent virus infection. Only 
HBV and WHY cause chronic active hepatitis and HCC. 


Hepatitis B virus particles 


During HBV infection in humans, virus particles are present in 
very large quantities in the blood (Fig. 1). In some forms of 
chronic infection, the serum contains only empty viral envelopes. 
Occasionally, it also contains complete virions, the empty 
envelopes always remaining in large excess. The presence of 
complete virions in the serum is indicative of an active viral 
multiplication in the liver. The empty envelopes consist of 
spherical or filamentous particles 22 nm in diameter. The virion 
of 42 nm diameter consists of an envelope and a nucleocapsid 
containing a circular DNA molecule, a DNA polymerase, a 
protein kinase activity and a*‘DNA-linked protein’. The envelope 
carries the hepatitis B surface antigen (HBsAg) and the capsid, 
the hepatitis B core antigen (HBcAg). When virions are present 
in the blood, an additional soluble antigen related to the capsid, 
the hepatitis B e antigen (HBeAg), is generally detected in the 
serum. HBsAg contains a group determinant called a and sub- 
type determinants termed d, y, w and r. Three main serotypes, 
adw, adr and ayw, are commonly observed but have an unequal 
distribution worldwide’. The y and r determinants are, respec- 
tively, absent from Far-East Asia and from Africa. 

The envelope of HBV consists of proteins, carbohydrates and 
lipids. Glycoproteins are anchored in a lipid bilayer. Elec- 
trophoretic analysis and comparison of tryptic digests with the 
sequence of the envelope genes recently led Gerlich and his 
colleagues to redefine the protein composition of the envelope”. 
The envelope of the virion contains three proteins called the 
major, the middle and the large proteins. The major protein is 
226 amino acids long and is encoded by the S gene (Fig. 2). It 
exists in two forms, glycosylated (GP27°) and non-glycosylated 
(P24°). GP27° possesses a complex N-linked glycan at Asn 146. 
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Fig. 1 The hepatitis B virus particles. Left: An electron micro- 


The viron 
graph of the viral particles present in the serum of an HBV chronic 
carrier (micrograph courtesy of A. J. Zuckerman). Numerous 22- 
nm spherical particles and filaments and one virion (or Dane 
particle) are present. Right: A schematic representation of the viral 
particles. The virion consists of an envelope carrying HBsAg and 
a capsid carrying HBcAg and containing the circular DNA 
molecule. The 22-nm spherical particles and the filaments are empty 
envelopes carrying HBsAg. 





Analysis of its primary structure deduced from the nucleotide — 
sequence shows that it contains three hydrophobic sequences 
separated by two hydrophilic ones. Precise limits of these seg- 

ments cannot be defined, but for the three hydrophobic segments _ 
they could be amino acids 7-23, 80-98 and 169-226'". The two 
first hydrophobic sequences probably traverse the lipid bilayer. © 
Most of the amino-acid variations observed in the different — 
sequenced HBV genomes occur in the two hydrophilic domains. 


HBsAg is a conformational antigen. A dimer of two major 
protein molecules linked by disulphide bridges represents the 


structural unit that bears full HBsAg antigenicity''. Reduction — 
of disulphide bonds results in dissociation of the dimer anda _ 
drastic decrease of HBsAg antigenicity. The segment of the — 
major protein between residues 122 and 155, in the second | 
hydrophilic domain, is an exposed"? region and results obtained _ 


using synthetic oligopeptides have shown that this domain con- 


tains most of the HBsAg group and subtype determinants >", 


The middle protein is 281 amino acids long and is encoded 
by the pre-S2 region and S gene (Fig. 2)*. It is a glycoprotein 


present in two forms, GP33° and GP36°, according to the extent 
of glycosylation; GP33* contains one glycan and GP36° two | 
glycans. The 55 amino acids encoded by the pre-S2 region are | 


in general hydrophilic and contain a dominant epitope located 
at the surface of the envelope’. This epitope is disulphide 


bond-independent and apparently more immunogenic than are © 
epitopes of the major protein. The pre-S2-encoded sequence _ 
contains a receptor for polymerized human serum albumin — 
(pHSA)*'. The hepatocytes also have a receptor for pHSA and © 


it has been postulated that pHSA mediates the attachment of 
HBV to hepatocytes. 


The large protein is encoded by the pre-S1 region, pre-S2 _ 


region and S gene (Fig. 2) and is present in a glycosylated 


(GP42°) and a non-glycosylated (P39°) form’. This protein is E 





Ñ 





ariable length eed to sake subtype, 389 or 400 a amino 
s long for the ay and ad subtypes, respectively. GP42° 
tains one N-linked glycan. At least part of the N-terminal 
juence, encoded by the pre-S1 region, is located at the surface 
g envelope. The pre-S1 translation product may also be 
volved in the attachment of HBV to hepatocytes”. 

One virion contains 300-400 major protein molecules and 
10-80 middle and large protein molecules’. The protein compo- 
ition of filaments is identical to that of the complete virions 

while the composition of the 22-nm diameter empty spherical 
yarticles is quite different. In the serum of chronic carriers with 
"ral replication, the spherical particles contain both the major 
and middle proteins in about the same ratio as in the virions 
ut with at least 20 times less of the large protein. This may be 
he result of a difference between the mechanism of assembly 
f virions and of empty envelopes. In the absence of viral 
plication, the spherical particles contain mostly the major 
rotein, and <1% of middle protein and no large protein. The 
lative rates of synthesis of the three envelope proteins could 

-regulated at the transcriptional level. 

The nucleocapsid of HBV consists of one major protein, the 
core protein (P22°), and contains a protein kinase activity cap- 
ible of phosphorylating the P22© protein”. The C-terminus 
of P22° is remarkable in that it is extremely rich in arginine, 
serine and proline residues**. Presumably, the arginine-rich 
sequences, in which there is a tandem repeat of the octapeptide 
Ser-Pro-Arg-Arg-Arg-Arg-Ser-Gin, are involved in interactions 
with the HBV genome within the nucleocapsid. Such sequences 
esemble protamine and other DNA binding proteins. HBcAg 
§ composed of both conformational and linear determinants of 
the P22° protein. HBeAg is a cryptic determinant released by 
disruption of the capsid**, and is present in the serum as a 
protein of 15,000 (15 K) relative molecular mass (M,) which 
results from proteolytic cleavage of P22°. The C-terminal 
sequence Thr-Thr-Val-Val was determined for serum HBeAg. 
‘This sequence lies 33 amino acids from the end of P22°, within 
the sequence Thr-Thr-Val-Val-Arg-Arg”’. The HBV genome has 
an unusual and characteristic structure (Fig. 2)**. It is a small 
circular, partly double-stranded DNA molecule with a single- 
“stranded DNA region of variable length. The long or L(—) strand 
js linear and of a fixed length of about 3,200 nucleotides. The 
short or S(+) strand is of variable length, ranging from 50 to 
"100% of that of the L(—) strand. The positions of the 5’ ends 
of the L(~—) and S(+) strands are fixed, while the position of 
-the 3° end of the S(+) strand is variable. The maintenance of 
he circular structure of the genome is assured by base-pairing 
of the 5’ ends of the two strands. The 5’ ends of the S(+) and 

~=} strands were recently mapped to positions 1,601 and 1,826 

i. Will, personal communication). Interestingly, at both sides 

the cohesive ends there is an 11-base-pair (bp) direct repeat 

2) S'TTCACCTCTGC (Fig. 2). The two copies of this 
sence, which start at nucleotides 1,824 and 1,590, are termed 
and DR2, respectively. That a similar direct repeat is found 

ll the hepadna viruses argues for a biological role for the 
R sequence (Fig. 3). 


enetic organization of HBV 


-restricted host range of HBV, which infects only man and 
impanzee, and the lack of a cell culture system for its propaga- 
t have greatly impeded our understanding of its molecular 
rics. A general presentation of the genetic organization of 
epadna viridae was deduced from the comparative analysis 
e nucleotide sequences of cloned genomes”. Large open 
ding frames (ORFs) conserved among all the sequenced 
genomes probably represent coding regions for viral proteins 
(Fig. 2). 
© The L(-) strand transcript of HBV contains four ORFs con- 
-served in the sequences of different strains. Moreover, insertions 
-or deletions present in HBV subtypes are always multiples of 
three, allowing conservation of the reading frame*’”*’. In con- 
trast, there are no conserved ORFs of any considerable length 
in the S(+) strand transcript. The L(~) strand thus carries 
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Fig. 2 Structure and genetic organization of the HBV genome. 
The broad arrows surrounding the genome represent the four large 
open reading frames of the L{—) strand transcript. The number of 
amino acids (aa) encoded by the coding sequences are indicated. 
The two thin arrows surrounding the broad arrows represent the 
two major HBV mRNAs. The partial restriction map and the 
numbering of the nucleotides indicated on the inner circle corre- 
spond to the ayw, genome”. DR1 and DR2 are, respectively, at 
positions 1,824 and 1,590. The positions of initiation and stop 
codons of the coding sequences and the S’ and 3’ ends of the two 
major transcripts are indicated. 


virtually all of the protein coding capacity of the virus and can 
therefore be considered as the minus strand. The four ORFs of | 
the HBV L(—) transcript are termed 5, C, P and X. The P region 
overlaps with all the other three. The L(—) strand in this pres- 
entation is read one-and-a-half times'” | 

The S region codes for the protein of the viral envelope and. 
is divided into the S gene, pre-S1 region and pre-S2 region (Fig. 
2). The S gene and pre-S2 region are of constant length in all. 


the HBV subtypes. The 5’ end of the pre-S1 region of ad subtypes 


contains an additional sequence of 33 or 12 bp compared with 
ay subtypes’. The heptanucleotide sequence 5'GCTAGGG 
directly repeated at both extremities of the additional sequence 
could be related to its insertion or deletion. In general, there ts 


about twice as much amino-acid variability in the pre-S1 and 


pre-S2 regions as in the S gene. This suggests that the amino-acid 


sequence of the products of the pre-S regions are less critical 


for virus assembly than that of the S gene. Variations of the 
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HBV s'TTCAŬCICTOC =~. 223 bp = TICACCTCTGC 
+ strand 
WHV = fcaccraerag ~---- 212 bp. = TCACCTGTGC 
GSHV rrcaccTGTa¢ =. 211 bp ©» TrCAcCCTaTGC 


DHBV tacaccecctcte =. 46 bp — = TACACCCOTCTS 


Fig. 3 Genetic organization of the hepadna viruses. The broad 
arrows surrounding the genomes represent the large open reading 
frames of the L(—) strand transcript. The numbers indicate the 
lengths of the coding sequences. The short arrows perpendicular 
to the broad arrows indicate the initiation sites of transcription of 
the major viral mRNAs. The asterisks indicate the common position 
of the 3° end of the viral mRNAs. DR1 and. DR2 are respectively 
indicated as 1 and 2. The sequence of the DR of the four hepadna 
viruses and the distance between DRI and DR2 are represented 
at bottom right. 


pre-S regions could be a means of evading the host immune 
system. 
The C gene encodes the core protein. The N-terminal amino- 
acid sequence of P22° is unknown and two AUG at positions 
1,814 and 1,901 (Fig. 2) are candidates for the initiation of 
-translation of P22°. According to the mapping of the 5’ end of 
the P22° messenger RNA (H. Will, personal communication), 
the AUG at position 1,901 should be considered as the initiation 
= codon, and we will refer to the region between AUG 1,814 and 
“1,901 as the pre-C region. The coding capacity of the pre-C has 
_ been shown in vitro using expression vectors. Initiation of trans- 
“lation at the pre-C initiation codon produces a hydrophobic 
polypeptide bearing HBeAg and which could have a role in the 
attachment of core to the viral envelope (ref. 10 and W. H. 
Gerlich and W. Rutter, personal communications). 
The translation product of the P region is a basic protein, 
. rich in histidine, of ~90,000 M., the relative molecular mass of 
_. DNA polymerases. An amino-acid sequence comparison 
_. between the translation product of the P region and the reverse 
. transcriptase (pol gene product) of all retroviruses sequenced 
to date and of cauliflower mosaic virus (CaMV) reveals tracts 
of homology i in a region that overlaps the end of the S gene” 
<. The P region, therefore, certainly encodes the viral DNA poly- 
<: merase which possesses a reverse transcriptase activity. 
~~ The X region can code for a polypeptide of 145-154 amino 
.. acids depending on the subtype. The function of this region is 
unknown, but recently Moriarty et al.” have detected in HBV- 
-infected liver a polypeptide (P28) that reacts with antibodies 
~ against synthetic peptides corresponding to the X region. Anti- 
bodies against the translation product. of this region were also 
- detected in sera of patients with HCC****, 
The overall structure of the genomes of the hepadna viruses 
is similar (Fig. 3). The size of the WHV and GSHV genomes is 
around 3,300 bp’”** and that of DHBV 3,000 bp”. Nucleotide 
_ homologies between HBV and the three animal hepadna viruses 
“= WHV, GSHV and DHBV are around 70, 55 and 40%, respec- 
tively. WHV and GSHV sequences are very closely: related, with 
oe > 80% homology. The genetic organization of WHV and GSHV 
are also very similar to each other and to that of HBV. Only 
he: pre-S1 nucleotide sequences of WHV. and GSHV differ 
completely from that of HBV because of the presence of large 
sertions. and deletions. The genetic organization of DH BV 
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differs somewhat from those of the mammalian hepadna viruse: 
The L(-) strand transcript contains only three ORFs: $, C an 
P. The 5' end of the DHBV C gene shows no homology wit 
the X gene of mammalian hepadna viruses. Therefore, th 
DHBV C gene cannot be considered as a fusion sequence 
between gene C and region X. The absence of the X region i 
DHBY raises the question of its possible role in the othe 
hepadna viruses. 

The nucleotide sequences and genetic organization of mam 
malian hepadna viruses show close homology. Nevertheless, th 
pathology of GSHV, characterized by an asymptomatic pe 
sistent infection and no HCC, is closer to that of DHBV tha 
to other mammalian hepadna viruses. Variations in the ho: 
immune response to the different hepadna viruses may explai 
these differences. Construction of recombinants between WHV 
and GSHV and subsequent infection of either woodchuck or 
ground squirrel could help to elucidate the role of specific viral 
sequences in the pathology, including HCC, of these two viruses 
(C. Seeger and H. Varmus, personal communication). Moreover, 
the absence of chronic hepatitis and HCC in chimpanzee infec- 
ted with HBV indicates the importance of the host response in 
the liver diseases. ; 





Transcription of HBV 


In the absence of cell culture systems to propagate HBV, chroni- 
cally infected liver of chimpanzee constitutes the most suitable 
model for studying viral transcription during virus replication, 
Permanent cell lines established from human HCC containing 
integrated HBV sequences and transfected cell lines with cloned. 
HBV DNA are also useful for studying HBV transcription in. 
the absence of viral replication. This last system allows the 
precise control of the HBV DNA fragments and especially of | 
the regulatory elements introduced into the cell. : 

Two major HBV-specific poly(A)” RNAs were characterized 
in chimpanzee infected liver*’*'. Both are L(—) strand tran 
scripts and are referred to as the 2.1-kilobase (kb) and the 3, 5-kb : 
RNA (Fig. 2). The 5’ end of the 2.1-kb RNA was mapped to 
~20 bp upstream of the pre-S2 region and the 3’ end to the very 
beginning of the C gene. It covers the pre-S2 region, gene S and 
region X. The 5’ end of the 3.5-kb RNA was mapped to the 
pre-C region (H. Will, personal communication) and the 3’ end 
to the same position as that of the 2.1-kb RNA. It covers the 
complete genome plus an additional sequence of ~100 nucleo- 
tides. This implies that the 3.5-kb RNA is produced from 
covalently closed double-stranded DNA and processed only. at` 
the second run of transcription. Minor RNA species of larger: 
and smaller sizes were also detected. No splicing event seems 
to exist in HBV transcripts, at least concerning the two major. 
RNAs. Cell transfection experiments with cloned HBV DNA 
fragments and polymers of HBV DNA have shown clearly that. 
the 2.1-kb RNA is the messenger for the major protein of the’ 
envelope and the 3.5-kb RNA the messenger for the core pro ; 
tein“, The mRNAs encoding the other viral proteins remain 
unknown, but the 3.5-kb RNA probably encodes the DN 
polymerase. - 

Other transcripts have been characterized by in vitro experi 
ments: two polymerase H-dependent L(—)-strand transcrip 
initiated respectively at positions 1,680 and 2,810, and one 
polymerase HI-dependent S(+) transcript, initiated at position. 
1,630 and 700 bases long****. The two first transcripts could be. 
used for translation of the pre-S1 and pre-C regions. Virus 
specific poly(A)” transcripts were also characterized in hepad 
animal viruses (Fig. 3). For WHV and GSHV, two major tra 
scripts of 2.1 and 3.7 kb plus additional minor transcripts we 
found in infected liver with active viral replication*®'°, Fo: 
DHBV, a third major. poly(A)” transcript, initiated a few nucleo 
tides downstream from the initiation codon of the pre-S1 region, . 
was detected*’. Note that for both WHV and DHBV, the 2.1-kb_ 
RNA initiates downstream from the initiation codon of the 
pre-S2 region. This observation raises the question of the nature 
of the transcript ad for the translation of the pre-S2”. 
region. | 
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Fig. 4 State of HBV DNA in the hepatocyte. HBV-infected liver 
DNA was analysed by Southern blotting using HBV DNA as a 
probe. a, Free replicative forms detected in the liver from a chronic 
carrier. ds, Double-stranded DNA; +pds, partially double- 
stranded DNA; —ss, minus-strand single-stranded DNA. b, 
integrated HBV sequences detected in a liver tumour from a patient 
with HCC. U; undigested DNA; H, HindIII digest, R, EcoRI 
digest; HBV, cloned HBV DNA. 


Concerning the regulatory elements which control HBV gene 
transcription, Cattaneo et al.“ have noted the presence of a 


_ sequence resembling the late promoter of simian virus 40 (SV40) 


_ inthe pre-S1 region at position 3,122. This sequence may direct 


5 


the synthesis of the 2.1-kb RNA. No particular sequence which 


= could be the promoter of the 3.5-kb RNA has been noted. On 
_ the contrary, a “‘TATA’-like promoter sequence situated at an 
_ appropriate distance upstream of the 3.7-kb RNA start site was 


- foundin WHV and DHBV*™"'"”. The polyadenylation signal com- 
-= mon to both mRNAs is located at position 1,916, 20 bp upstream 


from the 3’ end*®*'. Little information is available concerning 


= the control mechanisms of viral transcription. It is clear that the 


mechanisms controlling the synthesis of the 2.1- and 3.5-kb 


= RNAs are different. This is based on the observation that, in 


the liver during viral replication, the 2.1- and 3.4-kb RNAs are 


_ present in about the same amount. On the other hand, in patients 


with integrated viral sequences, mostly HBsAg is produced, and 


_ in mouse cells containing integrated HBV DNA, the amount of 


2.1-kb RNA is at least 10 times higher than that of the 3.5-kb 


- RNA“. This suggests that the S gene promoter directs constitu- 


tive expression of the S gene whereas transcription from the C 
gene promoter seems to be inducible. Recently, a transcriptional 


- enhancer element was detected 450 bp upstream of the C gene 


promoter**. This element exhibits a preferred activity in human 


= hepatocytes. The tissue specificity of this regulatory element 


could in part explain the low level of expression of the 3.5-kb 
RNA observed in the transfected mouse cells. In addition, in 
transgenic mice containing integrated HBV DNA, S gene tran- 
scription takes place preferentially in the liver (C. Pourcel, 


_ unpublished data). A tissue-specific enhancer element may also 


be involved in the regulation of S gene transcription. 


Multiplication cycle of HBV 


HBV DNA in the hepatocyte can exist in two states, free or 
integrated into the host cellular chromosome (Fig. 4)*”*°. Free 
HBV DNA, which represents intermediate forms of replication, 
is detected during the acute and some chronic stages of HBV 
infection. Integrated sequences are mostly observed during 


= chronic virus infection and especially in HCC. Free and 


integrated forms can coexist within the same sample but this 
does not mean that both states coexist in the same cell. 

HBV DNA has also been detected in non-hepatic tissues such 
as kidney, pancreas and skin*'**. Extra-hepatic free viral 
sequences were also found in the pancreas and kidney of infected 
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Fig.5 Replication cycle. (1) Entry into the cell of an extracellular 
virion containing the HBV genome with a short capped RNA (cp), 
the DNA polymerase (@) and the DNA-linked protein (*). DR1 
and DR2 are indicated by 1 and 2. (2) Complete double-stranded 
open circular DNA. (3) Supercoiled covalently closed circular 
DNA. (4) Pregenome packaged into a nucleocapsid. (5) core 
containing the complete (—)strand DNA. (6) Synthesis of (+) 
strand. (7) Coated nucleocapsid giving rise to extracellular virion. 


Pekin ducks**. The presence of free and integrated forms of 
HBV DNA in bone marrow and mononuclear blood cells during 
both the acute and chronic stages of HBV infection raises 
questions about the role of these cells in the pathogenesis of 
hepatitis B°***. It has been suggested that infection of mononu- 
clear cells would modify the immune response”. 

The replication mechanism of hepatitis B viruses, discovered 
by Summers and Mason for DHBV*™*® and confirmed later for 
HBV” ®? differs strikingly from that of other DNA viruses. The 
central feature is the use of a RNA copy of the genome as 
intermediate in replication. The replication cycle involves a 
reverse transcription step resembling that of retroviruses. 

In Pekin ducks 6 hours after infection, DHBV DNA is found 
in the liver, in both supercoiled and relaxed circular forms. 
Slightly later, RNA is detected, followed by the appearance of 
single-stranded DNA”. 

The HBV replication cycle is believed to consist of the follow- 
ing steps. After penetration of the virus into the hepatocyte, the 
DNA reaches the nucleus and is converted to complete open 
circular double-stranded DNA and then to supercoiled DNA 
(Fig. 5). The minus strand is transcribed by the cellular RNA 
polymerase to the 3.5-kb RNA previously described and called 
the pre-genome. Multiple copies of the pre-genome are synthe- 
sized from each genome. The pre-genome is encapsidated with 
the DNA polymerase and the DNA-linked protein. The minus- 
strand DNA is then synthesized by reverse transcription of the 
pre-genome. Initiation of reverse transcription takes place at 
DRI and the DNA-linked protein covalently bound to the 5’ 
end of the minus strand probably acts as a primer for minus- 
strand synthesis”. During DNA synthesis, the pre-genome is 
degraded by an RNase H-like activity and the product of reverse 
transcription is a full-length minus DNA strand. A small RNA 
fragment of about 20 bp, probably derived from the 5’ end of 
the pre-genome, is then used to prime the synthesis of the plus 
strand at DR2 (J. M. Lien and W. Mason, personal communica- 
tion). Complete synthesis of this strand is not necessary for 
coating of the nucleocapsids and export of virus particles. This 
explains why infectious particles contain DNA with a single- 
stranded region. 

The replication cycle of hepadna viridae in some ways 
resembles that of retroviruses and of CaMV. All these viruses 
involve a reverse transcription step, but whereas the virion of 
retroviruses contains RNA and the intermediate form of replica- 
tion is integrated DNA, the virion of hepadna viruses and CaMV 
contains DNA and the intermediate replication form is RNA. 
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Recruit No. of HCC HCCA00.000* Relative HBsAg carriers Non-carriers : 
E status patients (No of cases) risk r E i 
< Fig. 6 Epidemiology of hepatocel-- studied 
lular carcinoma’. a, Relative risk of 
HCC in relation to recruitment l 
HBsAg status. b, Cause of death m. wi “HBSAg* 3,454 113 3,272 297 
relation to recruitment HBsAg status. © ae | | 
HBsAg” 19,253 3 16 ae 


* During 6.2 years follow-up. 


Integrated sequences have never been detected during DHBV 


-2 replication (C. E. Rolger and J. Summers, personal communica- 


.otion). An integration step of the genome is therefore probably 
=: -not necessary for hepadna virus replication. ‘Minus-strand syn- 
< <- thesis of retrovirus and CaMV DNA is primed by a transfer 
aoe RNA while hepadna DNA minus-strand synthesis is probably 
œ primed by a protein. The order of the three retroviral genes, 
gag, pol, env, can be compared to that of the order of the hepadna 
>. Virus genes C, P and S, but whereas retrovirus proteins are 
-translated from mRNA produced by splicing from a single 
primary transcript, hepadna proteins are translated from at least 
two unspliced primary transcripts. For all three classes of virus, 
promoters are closely followed by polyadenylation signals that 
are passed over during the first transcription run. 


HBV and hepatocellular carcinoma 


Evidence that HBV causes HCC comes from epidemiological 
studies. There is a striking worldwide geographical correlation 
between the prevalence of HBsAg chronic carriers and the 
annual incidence of HCC™. Moreover, retrospective epidemio- 
logical studies have shown that HBsAg is more frequently 
observed in the serum of patients with HCC than in the control 
population”. The strongest evidence for the role of HBV in 
-~ HCC comes from prospective epidemiological studies perfor- 
-med in Taiwan by Beasley et al.®°, who studied male subjects 
= aged between 40 and 59y. A male population was chosen 
because HCC is about three times more frequent in males than 
females. The results showed that the relative risk to HBsAg 
- carriers of developing HCC was 217 compared with non-carriers 
(Fig. 6). Furthermore, 51% of deaths among HBsAg carriers 
were caused by cirrhosis or HCC compared with only 2% among 
the control population. Among the non-carriers, 90% possessed 
- an HBV marker, anti-HBs and/or anti-HBc antibodies. The high 
incidence of HCC is therefore clearly related to. the HBsAg 
_ chronic carrier state and not to HBV infection per se. 


We can conclude that although the data do not preclude a- 
_ role for other factors (such as aflatoxin) in the development of 


< HCC, additional factors other than HBV chronic infection are 
-= not necessary to explain the epidemiological studies, It is also 
_ of interest that HCC developed generally after a history of 
` -cirrhosis over a long period (30-40 y) of chronic carriage. 

However, additional evidence linking HBV and HCC comes 
-from the WHV/woodchuck model. It has been possible to induce 
HCC experimentally in woodchuck by inoculation with WHV 








` experimental support for an oncogenic role of WHV and vali- 
- dates the use of WHV as a pathogenic model for HBV. 

_ The structure of the HBV DNA sequences present in HBsAg- 
positive HCC has been studied by Southern blotting. Both 

; HCC-derived cell lines and human tumour 

- samples*?°°-°-”? have been analysed. In both cases, HBV DNA 

-~ sequences integrated into the host genome were nearly always 


_ detected. For any given tumour sample, the number of integra- 


ion sites varied from 1 to 12. The presence of only free viral 
DNA without integrated sequence, as observed in the chronic 
trier stage, has not been reported for HCC. However, free 
V DNA with intermediate forms of replication in addition 
he integrated sequences are. occasionally observed in the 
stage of tumour growth. Virus replication, as well as virus 








_ open circle, integration through the DR sequence could sugg 


: at birth (J. Gerin, personal communication). This result provides ` 
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gene expression, are e generally: absenti inthe podil differen 
hepatocytes of advanced tumours”’. It is not known why 
replication and expression. should be. absent from HCC c 
Two hypotheses can pe envisaged; either cells harbouring 1B" 
yet without replication/ expression are selected during tum 
growth or the replication/expression decreases. graduall 
proportion to the dedifferentiation of the cell. HBcAg has. be 
suggested as the target for the cytotoxic immune response’ 
so, hepatocytes unable to express HBcAg would escape t 
immune response and be selected during carcinogenesis. 

To investigate further the role of HBV in HCC, the presence 
of HBV DNA in HBsAg-negative HCC was determined. In 
significant number of cases, integrated HBV DNA sequence: 
were detected even in patients without any HBV serological 
marker ^7", These data offer new evidence for an oncogeni 
role of HBV and indicate that integration may play a part in 
tumour formation; however, the exact significance of integrated 
HBV sequences is unclear. Indeed, HBV sequences are no 
indicative of tumorous tissue. HBV DNA was observed both ir 
non-tumorous parts of the livers with HCC and in chroni 
hepatitis or cirrhosis without HCC*’”’. In addition, when thi 
tumorous and the non-tumorous parts of liver were analysed 
simultaneously, the integration patterns were generally differen 
but in a very few cases the tumorous and non- tumorous tissue 
shared the same pattern. 

The structure of integrated HBV DNA sequences present i 
tumour samples®*! and in HCC-derived cell lines*?-®°. wa: 
determined by DNA cloning. Viral sequences can be complet 
genomes or subgenomic fragments that are often rearranged 
Such complex rearrangements have already been described fo: 
integrated viral sequences. of SV40 and adenovirus®**”. The 
mechanism of HBV. integration remains. unclear; howevi 
Dejean et al" have reported the existence of a virus-speci 
site of integration. In two independent liver tumours, one of 
two host~-virus DNA: junctions mapped within either DI 











event is unknown. If the gubstiate of i integration is. linear o: 


integration at the ends of the HBV DNA strands. If the substra 
of integration is a covalently closed circular form, the t 
observed implies a specific recombination event within th 
C. Shih (personal communication) reported similar result: 
found in, two hepatoma sample irus-cell and virus-virus ju 
tions within a few nucleotides of a DR sequence. Taken toge 
these data show that HBV DNA can integrate via a specific 
DNA sequence. It is nevertheless possible that a nonspec 
mechanism of integration could occur in addition to thatir 
ing DR1 and DR2. No evidence for a specific cellular i integrat 
site or for extensive sequence homology between viral 4 
cellular DNA at this site has been reported to date. 
The role of HBV in HCC is not understood at the molec 
level. HBV may act as an initiator by inducing continuous li 
necrosis and regeneranon: Integration could occur at rand 






























become targets for further e events of carcinogenesis. ‘By co 
H wae Mas hanes hte gs nye a direct role ij in liver cancer : 
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in the different tumorous Soa. No peculiar region of the HBV 
enome was conserved in the different clones of integrated HBV 
sequences i in human HCCs*'™* and integrated WHV sequences 
in woodchuck HCCs™. In addition, transformation experiments 
with HBV DNA have been unsuccessful. It is also possible that 
_ a hybrid or partial gene product could induce transformation. 
- Recently, Freytag von Loringhoven et al” characterized hybrid 
= HBV-host transcripts in the hepatoma-derived cell line 
E pie) PREFS. The slow transforming retroviruses, which do not 
contain a viral oncogene, act as insertional mutagens. The 
eopmegration of the provirus can activate the expression of a 
_ neighbouring cellular oncogene or disrupt a cellular regulator 
gene, preventing its expression. The two models require that the 
_ viral integration occur at approximately the same site in the 
_ host genome. Thus far, there is evidence neither for HBV integra- 
| tion in a distinct chromosomal region nor for integration adja- 
cent to any of the known cellular oncogenes. Further characteriz- 
ation of integrated HBV sequences and their flanking sequences 
in HCC might allow us to find a common element between the 
_ different integration sites and hence clarify the process of HBV 
oncogenesis. 


- Recombinant DNA and a future vaccine 


e worldwide distribution of HBV infection with the con- 
© sequence of chronic liver disease and HCC implies the need for 
an efficient and safe vaccine. Compared with more conventional 

- antiviral vaccines, the hepatitis B vaccine is unique in that HBV 
| cannot be propagated in tissue culture. The vaccine is obtained 
from plasma of healthy HBV chronic carriers. It consists of 
ified defective 22-nm HBsAg particles formulated in an 
F slume adjuvant. Vaccination strategies differ according to the 
level of endemicity of the affected population. In countries with 
low endemicity such as in Western Europe or North America, 
-vaccination is restricted to individuals with an established high 
_ risk of acquiring hepatitis B. These populations are mainly health 
_ personnel, dialysis patients, drug addicts, male homosexuals 
and infants of HBsAg- -positive mothers. On the other hand, in 
-developing countries with high endemicity such as in Far-East 
Asia and tropical Africa, a programme of universal vaccination 
-at infancy and early childhood is desirable, if not currently 
_ feasible. 
= The effectiveness and safety of the present hepatitis B vaccine 
~ have been demonstrated both in high-risk adult populations”??? 
and in newborn infants**-**. Nevertheless, alternative methods 
_ for vaccine production are needed. This is because of limitations 
in the availability of human serum, the need for elaborate 
v Semin and inactivation procedures and the requirement 

mi an inocuity test in chimpanzees. Plasma-derived vaccines are 
expensive and therefore beyond the financial possibilities 
f many countries which need mass infant vaccination pro- 


= grammes. 
f w Skelly et al” have prepared polypeptides in water-soluble 


s micelle form from HBsAg particles. This subunit vaccine induces 
-antibodies at a higher titre than HBsAg particles but still relies 
on the availability of human sera. For this reason, the use of 
Eiai oligopeptides carrying HBsAg determinants is an 
attractive alternative. Unfortunately, „the low value of the 
immune response so far obtained'*-'* limits the use of this 
= technique. Within this context, development of recombinant 
_ DNA vaccines is of great importance. Several approaches can 
be used and the choice of the technique depends on the knowl- 
_ edge of the structure and the immunogenicity of the antigenic 
_ determinants present on the surface of the envelope, mainly 
- HBsAg but also pre-S-encoded epitopes. HBsAg is a conforma- 
iG tional antigen and full immunogenicity of HBsAg is highly 
iy _ dependent on its tertiary structure''. Unlike HBcAg’’, HBsAg 
is not assembled as particles in bacteria and only bacterium- 
HBV hybrid polypeptides showing HBsAg antigenicity were 
obtained”*”" “100A eukaryotic system such as mammalian cell'”' 
or yeast °? capable of correctly synthesizing native HBsAg 

particles is PR cos required. 
At present, the most advanced recombinant vaccine is a vac- 
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Fig. 7 Immunogenicity of HBsAg 22-nm particles containing the 
pre-S2 region translation product'””. a, Electron micrograph of 
HBsAg 22-nm particles synthesized in CHO cells. b, Production 
of antibodies to HBsAg (S) and the pre-S2 region translation 
products (pre-S) in a HBsAg responder mouse strain (strain B10). 
c, Production of antibodies in a HBsAg non-responder mouse 
strain (strain B10S). Dashed curves, anti-HBs response of mice 
immunized with HBsAg particles lacking the pre-S2 region deter- 
minants. Mouse immunizations were at days 0 and 24. The term 
‘2nd’ on the x axis indicates the secondary immune response. 


cine produced in yeast. Valenzuela et al.""*, using an expression 


vector containing the S gene placed under the control of the 
yeast alcohol dehydrogenase I promoter, obtained the synthesis 
of HBsAg particles in Saccharomyces cerevisiae. Miyanohara et 
al.'™ obtained a comparable result using the acid phosphatase 
promoter. The particles had the same density as particles from 
human serum but were heterogeneous in size; they contained 
the major protein only in its non-glycosylated form. Injected 
into chimpanzees, these HBsAg particles induced anti-HBs anti- 
bodies that confered immunity to HBV infection’’*. Human 
trials are now in progress. 

Production of HBsAg 22-nm particles in mammalian cells is 
a second alternative; the particles | obtained are glycosylated and 
secreted in the cell supernatant'’'. An increase in HBsAg pro- 
duction was obtained by the following method'®*'"*. A plasmid 
containing the cDNA encoding dihydrofolate reductase (dhfr) 
and HBV sequences was introduced into Chinese hamster ovary 
(CHO) cells lacking dhfr. Selection of dhfr-positive clones resis- 
tant to methotrexate resulted in gene amplification of both dhfr ` 
cDNA and HBV sequences, and an increase of HBV DNA 
transcription. Using this procedure, Michel er al.'”* have con- 
structed a plasmid containing the S gene and the pre-S2 region 
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placed under the control of both the SV40 early promoter and 
the promoter localized in the pre-S1 region. The HBsAg 22-nm 
particles obtained (Fig. 7) contained both the major protein in 
its two forms, glycosylated and non-glycosylated, and the gly- 
cosylated middle protein in a ratio comparable to that of virion. 
The particles, homogeneous in size, contained both the HBsAg 
determinants and the pHSA receptor activity, as a result of the 
presence of the pre-S2 region translation product. Studying the 
murine immune response to these particles Milich er al. showed 
that the pre-S2 region product is significantly more immunogenic 
than HBsAg and that immunization of a HBsAg non-responder 
strain with these particles can circumvent non-responsiveness 
to HBsAg (Fig. 7)”. Because the appearance of anti-pHSA 
receptor antibodies seems to be a highly reliable criterion for 
viral clearance, the HBsAg particles obtained in CHO cells may 
constitute a particularly efficient vaccine. 

The third approach for a recombinant vaccine is to construct 
a live vaccine, using as vector a virus capable of replicating i in 
humans. Smith et al have constructed a live vaccine using a 
vaccinia virus as vector’, The S gene was placed under the 
control of the vaccinia virus early promoter. Cells infected with 
the vaccinia virus recombinants synthesized and excreted 
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HBsAg particles; infected rabbits produced antibodies to 
HBsAg. Chimpanzees infected with the recombinant vaccine 
did not develop an anti-HBs response but were protected against 
hepatitis B following challenge with HBV'™” 

Which of these three hepatitis B recombinant vaccines will 
constitute for the near future the most appropriate alternative 
to the present hepatitis B vaccine? This question is not easily 
answered because the final choice of vaccine depends on several 
parameters: the immunogenicity of the particles, the possibilities 
of an industrial transfer of the technical procedure and the safety 
of the final product. In any case, twenty years after the funda- 
mental discovery of HBsPg by B. S. Blumberg'"’, the future 
recombinant DNA vaccine against hepatitis B will be the first 
example of the application of genetic engineering to human 
vaccination as well as the first example of a vaccine against an 
infectious disease related to cancer. 

The nomenclature used for HBV proteins and genes is that 
agreed upon a Cold Spring Harbor meeting (May 1985). 
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| Tectonics of the Qinling Belt: 
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The structure and history of the Qinling range, which separates the North and South China craton, are a key to the 
tectonic evolution of eastern Asia. The mountain range is composed of a northern Palaeozoic belt and a southern Mesozoic 
belt. The Palaeozoic orogeny probably involved the closure of an oceanic basin along a north-dipping subduction zone, 
followed by south-vergent obduction of ophiolites and intracontinental thrusting during the Devonian. The Mesozoic belt 
appears to be the product of purely intracontinental, shallow crustal deformation over a large decollement with at least 
100 km of horizontal transport. Since the Devonian, both belts have been sliced by huge east-west sinistral strike-slip faults. 


THE east to west striking Qinling mountain belt (eastern China) 
separates the Sino-Korean Craton (North China Block, NCB) 
and the Yangtse Craton (South China Block, SCB) for 
> 1,000 km (refs 1-5; Fig. 1). To the west, this belt connects with 
the Qilian and Kun Lun belts. To the east, it appears to be 
truncated by the north-south striking Tan Lu Fault. Knowledge 
of the structure and history of the Qinling belt is important to 
place constraints on the, way in which the eastern part of the 
Asian continent was assembled and evolved during the 
Phanaerozoic. Considerable work by Chinese scientists suggests 
that the Qinling mountains are a polyphase orogen juxtaposing 
a narrow Palaeozoic belt to the north with a broader Lower 
Mesozoic belt to the south’"'>. Both belts are intruded by mostly 
Carboniferous to Triassic granites and are sliced by large E-W 
vertical faults. Some mafic and ultramafic rocks'*'’ have been 
interpreted as the ophiolitic remnants of a Palaeozoic suture. 
Although the Qinling belt has been frequently studied in detail, 
there ıs still no agreement on various evolutionary models in 
the framework of plate tectonics. In contrast to the Palaeozoic 
closure proposed above'>'®, for instance, a recent synthesis 
based on stratigraphic correlations"? implies a Lower Mesozoic 
age for the first suturing between NCB and SCB. Similarly, there 
are problems with the timing and magnitudes of Palaeozoic- 
Mesozoic and Tertiary movements inferred from palaeomag- 
netic measurements!?*°, 

The main purpose of our study was to analyse small-scale 
deformations along two ~200km long traverses south-east of 
Xian (Fig.2), with particular attention to the kinematics, 
amounts and age of shortening and shearing. This field work, 
performed in autumn of 1983 and spring of 1984, was used to 
establish a tectonic model of the Qinling belt that integrates all 
regional observations made so far (maps at 1/250,000 and 
1/500,000)° as well as some complementary mapping done by 
us on the basis of Landsat images and 1/65,000 aerial photo- 
graphs. The constraints provided by this tectonic model on the 
large-scale movements of NCB relative to SCB since the 
Paelaeozoic are also discussed. 


Tectonic zonation of the belt 


Within the Qinling belt, several tectonic zones can be defined 
from the stratigraphy and the age and characteristics of deforma- 
tion and metamorphism. The zones are generally separated by 
large late Palaeozoic~Mesozoic to Cenozoic strike-slip faults 
(Figs 2, 3)*'. 

Zone 1. Low-grade deformation at the southern edge of the 
Sino-Korean Craton. An old basement consisting mainly of 


gneisses and amphibolites (2,300-2,600 Myr) is unconformably 
overlain by a volcano-sedimentary Proterozoic sequence? 
„Both are unconformably overlain by a thick (>2,000 m) pile of 
mainly platform sediments (shales, sandstones, tillitoids, lime- 
stones, dolomites and conglomerates) from Upper Proterozoic 
(Sinian) to Cambrian and Ordovician. The deformation is simple 
in the north with gentle open folds and steep local cleavage. 
Southwards, folds become more tight and overturned to the 
south with a strong slaty cleavage and a north-south down-dip 
stretching lineation, particularly well marked in conglomerates 
and oolithic limestones. At the southern rim of zone 1, deforma- 
tion becomes more complex with increasing metamorphism 
(biotite). It is polyphased in the Ordovician where the early S, 
cleavage is folded by crenulations and large-scale folds with 
associated S, and S, cleavages. These three phases of deforma- 
tion and the metamorphism occurred before the deposition of 
undeformed coal-bearing Permian strata. Mesozoic granitic 
batholiths cross-cut all these terranes. 
Zone 2. Intense synmetamorphic thrusting and recumbent fold- 
ing. This unit shows a much stronger Palaeozoic deformation 
related to higher grade metamorphism (biotite to kyanite)'''*. 
The Proterozoic volcano-sedimentary and sedimentary series 
belonging to NCB have been transformed into a thick slab 
(several kilometres) of micaschists, garnet-bearing gneisses, 
amphibolites and siliceous marbles. On a small scale, deforma- 
tion is polyphased with an S,_, northward-dipping foliation and 





Fig. 1 General setting of the Qinling belt between NCB and SCB. 
QL, Qinling belt; QLS, Qilian Shan; SCF, South China Caledonian 
fold belt; TLF, Tan Lu Fault. 
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Fig. 2 Simplified structural sketch of the 
studied area (from the Shaanxi Province 
1/500,000 geological map, ref. 6). Circled num- 
bers indicate the different structural zones. 
Broken lines show the itinerary. Box: 
Palaeozoic belt: (1) Archaean basement of the 
Sino Korean Craton, (2) Lower and Upper 
Sinian; (3) Palaeozoic sediments and ophiolites 
(w). CO, Cambro-Ordovician; D, Devonian; 
(4) Palaeozoic granites. Mesozoic belt: (5) Pro- 
terozoic basement of the Yangtse Craton; (6) 
Simian volcanics; (7) Upper Sinian to Mesozoic 
sediments, (8) Mesozoic granites, (9) slaty 
cleavage; (10) foliation. (11) Mesozoic folds; 
(12) thrusts, (13) strike-slip faults; (14) Ter- 
tiary; and (15) location of geochronological 
samples. L.f., Lo Nan fault; SX.f., Shang Xian 
fault; DF.f., Deng Fung fault; SY.f., San Yan - 
fault. 
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syn-S, to late-S, crystallization of muscovite and large patches 
of biotite. From north to south, that is, from the top to the 
bottom of the metamorphic pile, the metamorphism decreases 
in intensity (kyanite to biotite and chlorite) with isograds 
apparently parallel to the foliation. Such an inverted meta- 
morphism could be related to ductile south-vergent overthrust- 
ing, as in the Himalayas”. In the lowermost, least metamorphic 
part of this zone (biotite, chlorite, muscovite) the horizontal 
schistosity (S,_2), which bears a N-S stretching lineation, corre- 
sponds to the axial plane of large recumbent folds. The presence 
of upside-down stromatolites in the Sinian marbles implies the 
existence of flat inverted limbs up to 5km wide ‘from north to 
south. As in the north, all the metamorphic rocks are intruded 
by Mesozoic granites. 

Zone 3. Central Qinling domes. This zone corresponds to the 
most metamorphic, presumably deeper, central part of the 
Palaeozoic belt of the Qinling'’. A previously gneissic horizontal 
foliation corresponding perhaps also here to recumbent folds 
and thrusts is folded in a broad domelike structure. Various 
generations (syn to post-kinematic) of granitic rocks (white and 
pink aplites and pegmatites, granites and diorites) were 
emplaced as sills and dykes parallel to the foliation or cross- 
cutting it. A large (20 km x2 km) massif of peridotite outcrops 
in the southern part of the dome in which two main structural 
units can be distinguished. The lower unit consists mainly of 
micaschists, marbles, mafic tuffs, cherts and amphibolites, some 
of which show chemical oceanic affinities'’. Palaeozoic 
foraminifera have been found laterally in corresponding, less 
metamorphic terranes®. The upper unit is a thick slab of 
mylonitic chromite-rich harzburgite (2-3 km), overlain by gar- 
net-bearing amphibolites and an alternation of micaschists, fine- 
grain amphibolites and amphibolite gneisses which may rep- 
resent metabasalts and metatufs. This unit, of clear oceanic 
nature, ıs strongly deformed with a N-S stretching lineation 


- 


underlined in the amphibolites by coronitic shadows ‘around 
the garnets. Such coronitic reactions could correspond to those 
observed in some retromorphic eclogites. Following Chinese 
authors, we interpret this mafic-ultramafic unit as an incomplete, 
allochthonous ophiolitic slab. As the thrusts are strongly 
refolded, it is difficult to determine the vergence of thrusting. 
Nevertheless, a study of preferred orientations of minerals in 
thin sections, and electron microscope observations of disloca- 
tions in olivines of the mylonitic harzburgites indicate that both 
hot and cold strains are compatible with south-directed shear 
(Xu.Zh.Q, in preparation). The nature of the autochthonous 
basement in the domes is unknown but the great amount of 
granitic rocks emplaced in them suggests that it probably consists 
of continental crust. The early granites appear to be of Variscan 
age'', but the age of the climax of metamorphism and deforma- 
tion remains unknown. The southern boundary of zone 3 shows 
evidence of late ductile deformation with prominent E-W 
horizontal lineations probably in relation to sinistral strike-slip 
shear. 
Zone 4. Devonian trough. This zone is characterized by a thick 
Devonian sequence (up to 4,000 m) consisting mainly of slates, 
sandstones, greywackes, polygenic conglomerates and some 
limestones, locally overlain by continental Carboniferous®”*. 
The sequence is strongly folded by steep axial planar folds with 
a fan-like cleavage, which locally refold more ancient recumbent 
folds. In the northern part a strong horizontal E-W stretching 
lineation develops along vertical fault zones which can be inter- 
preted as sinistral strike-slip faults. Away from these faults, 
boudinage and strain markers indicate down-dip stretching. The 
metamorphism reaches the amphibolite facies with high tem- 
perature/low pressure characteristics, producing hornfels in 
pelitic rocks and scapolites in marbles. In the Middle Devonian 
between Dan Feng and Shang Nan, we found conglomerates 
with pebbles of gabbros, peridotites, amphibolites, granitic 
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rocks, quartz, garnet and amphibole clasts. Such crystalline 
pebbles could come from zones to the north and correspond to 
erosion of mafic and ultramafic as well as continental rocks of 
a deep part of the lower Palaeozoic belt now absent at the 
longitude of our traverse but perhaps located much more to the 
west. 

Zone 5. Lower Mesozoic ‘Indosinian’ fold belt. In this area a 
10,000-m-thick pile of Upper Sinian to Triassic sediments 
(mainly limestones, sandstones and slates), is strongly folded‘. 
The upper part of the pile (Devonian to Triassic) corresponds 
to a spectacular belt of E-W-striking flexural-slip folds of multi- 
kilometric wavelength with steep limbs up to 2 km thick. Steeply 
dipping ESE faults are also present. An incipient S, steep to 
fanlike cleavage develops in the most incompetent layers 
(cleavage in slates, dissolutidn cleavage in marly limestones). 
The strike and dip of the cleavage are rather constant whereas 
the plunge of the intersection ‘lineations varies considerably 
(from horizontal to vertical), suggesting the existence of variable 
bedding dips before folding. The stretching lineation deduced 
from strain markers, pressure shadows and boudinage is down- 
dip. In the lower part of the pile (Sinian to Silurian), the attitude 
of the folds and cleavage is different. S, is sub-horizontal or 
shallow dipping to the north with a strong N-S stretching 
lineation. Similar isoclinal F, folds are overturned or recumbent 
towards the south. 

Bedding parallel shear zones with south-vergent displace- 
ments are observed within the Sinian limestones together with 
steep axial planar folds F, (homoaxial with F,), and a vertical 
crenulation cleavage. The latter may be coeval with the large- 
scale domes in the lower Sinian volcanics. The transition from 
steep fan-like cleavage in the upper part of the folded sedimen- 
tary pile to horizontal foliations in the lower part is gradual. As 
in the Rhenohercynian belt of Europe”, the passage from 
cleavage to foliation is typically concave upwards. The horizon- 
tal attitude of the foliation and stretching lineation at depth 
may be related to ductile decollements within the Lower 
Palaeozoic and Sinian series. The main decollement surface 
probably lies under the competent Sinian limestones in the upper 
part of the deeper and more ductile acid volcanics. Progressive 
shortening has apparently resulted in.superimposed folding 
(F, + F,) in the deeper, horizontally foliated part and in fanning 
of S, and local northwards overturning of the folds in the upper 
part of the sedimentary pile where S, was initially vertical. 

The metamorphism, which increases downwards, is marked 
by the appearance of chloritoid, phengite, garnet and biotite in 
slates. At the boundary between the Upper Sinian limestones 
and the underlying acidic and basic volcanics of the Lower 
Sinian (ignimbrites, keratophyres, mafic tuffs and basalts), 
various occurrences of blue amphiboles previously identified as 
glaucophane’’” appear to be riebeckite in the samples we ana- 
lysed with the microprobe. 


Geochronology 


Although many radiometric ages on rocks of the Qinling belt 
have now been published in the Chinese literature’, difficulties 
in evaluating the analytical procedures by which such ages were 
obtained made it necessary to perform new measurements. The 
first quantitative results of this work are summarized here. 

The *°Ar/“°Ar technique has been applied to pure metamor- 
phic minerals. Selection of the minerals was conducted to answer 
questions about the age of the metamorphism, in zones 2, 4 and 
5. Biotite and muscovite extracted from the micashists of zone 
2 both give well-defined plateaux ages at 328+ 7 and 348 +7 Myr, 
respectively (Fig. 4). Such ages reflect “Variscan’ metamorphism 
in this area. The difference in age of 20 Myr between the biotite 
and the muscovite is roughly within the uncertainty on each age 
measurement. It could also be related to the better retention of 
argon in muscovites than in biotites, the latter remaining an 
open system for argon while muscovite still accumulated the 
radiogenic product. 

South-west of Shang Nan, in zone 4, Devonian micaschists 
with subvertical foliation and E-W stretching lineation have 


NATURE VOL 317 10 OCTOBER 1985 


Q434 PHENGITE 232 +5M 









Q43 BIOTITE 327 + 7Myr 240) 


aio 





Q427 RIEBECKITE 246 +7Myr 


Age (Myr) 


Sar cumulative 


Q449 BIOTITE 344 +6Myr 


39 


Ar cumulative 


0 05 4 





Fig. 4 Age spectra for analysed minerals. Location of samples 
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Fig. 5 Interpretative lithospheric scale section illustrating the 

mechanism of continental subduction. a, Possible situation before 

subduction showing the thinned Yangtse Plate; 5, aspects of folding 
and décollements related to continental subduction. 


suffered also an ‘Hercynian’ metamorphism. The age plateau, 
defined by six increasing temperature steps (representing >95% 
of the *°Ar released) indicates an age of 314+6 Myr (Fig. 2). 

The other minerals that we have dated so far originate in zone 
5 (Indo-Sinian fold belt). Phengites (Si-Al substitution of 2.3) 
yield a well-defined age plateau of 236 +5 Myr and riebeckites 
nearby seem to be slightly younger (217+8 Myr). Despite the 
slight discrepancy between the latter two ages, the growth of 
these minerals appears to be clearly related to the Indosinian 
orogeny. 


Left lateral movements 


Many E-W vertical faults’? cut the Qinling belt; the most 
important ones correspond to boundaries between the above- 
mentioned structural zones. All appear to be strike-slip faults 
with probably large cumulated offsets. Most were active during 
the Tertiary and some are still active”. Along them, a brittle 
phase of deformation often overprints older ductile shear. 

From the outline of the regional geology and tectonics given 
here, the Den Fung Fault appears to be the most important. We 
could follow it for over 300 km, but it is seen on the 1/500,000 
geological maps and Landsat images to continue eastwards and 
westwards, reaching a total length of ~1,000km. A strong 
mylonitic vertical foliation develops along it in schists, gneisses, 
granitoids and diorites with characteristic lens-shaped sigmoidal 
‘fishes’, horizontal slickensides and stretching lineations, indica- 
tive of left lateral movement. The corresponding shear zone may 
reach 1,000 m in thickness in some areas (for example, along 
the road from Xian to Zhen Han and east of Den Fung). Total 
offset on this fault could exceed a few hundred kilometres. The ` 
age obtained on biotites in the Devonian micaschists of zone 4 
implies that part of the ductile deformation could be Car- 
boniferous in age. 

Three other major fault zones also appear to correspond to 
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Fig. 6 Structural scheme of the whole Qinling belt showing the 
location of the studied section Circled numbers refer to structural 
zones: (1) Yangtse Craton with basement+Sinian volcanics 
(Lower) and Upper Sinan to Mesozoic cover (Upper); (2) Sino 
Korean Craton with basement (Lower) and cover (Upper); (3) 
zone 2; (4) zone 3 with ophiolites; (5) Devonian trough. (6) 
Mesozoic folds in zone 5; (7) strike-slip faults; (8) thrusts; (9) 
normal faults Arrows indicate the displacement of the Yangtse 
relative to the Sino-Korean Craton. 


large left-lateral strike-slip zones: the Lo Nan fault, which separ- 
ates zones 1 and 2; the Shang Xian fault, between zones 2 and 
3, along which vertical shreds of Carboniferous, Triassic and 
Jurassic are smeared; and the San Yan fault, between zones 4 
and 5. 

Ail these strike-slip faults must have strongly modified the 
original geometry of the Palaeozoic and Lower Mesozoic belt 
and testify for large left-lateral movements between the Yangtse 
and the Sino-Korean cratons since the Palaeozoic. 


Evolution of the Palaeozoic belt 


Despite the Mesozoic and Tertiary tectonic imprints, it is poss- 
ible to reconstruct tentatively the existence and closure of a 
Palaeozoic ocean and Caledonian orogeny. The presence of a 
large slice of ultramafic to mafic rocks (peridotites and 
amphibolites) overlain by a thick Palaeozoic volcano-sedimen- 
tary sequence suggests the existence of an oceanic basement in 
a basin located close to a continent. The microfossils found in 
the cherts® interbedded within the volcano-sedimentary series 
indicate a lower Palaeozoic age for this basin (Figs 5, 6). 

The oceanic crust was subsequently thrust over marbles and 
amphibolites overlying a probable continental crust. The N-S 
stretching lineations can be interpreted as a result of shearing 
during south-vergent obduction. The hot deformation in the 
harzburgites implies that the obduction was coeval with the 
demise of a north-dipping subduction zone. The absence of 
calc-alkaline volcanism in this part of the Qinling mountains 
suggests that movements along the strike-slip faults may have 
separated the corresponding magmatic arc from the deformed 
zone observed here. 

The age of the main synmetamorphic deformation (post- 
obduction and pre-dome) in zone 3 is still unknown. In this 
more internal part of the belt, it could correspond to a 
Caledonian event. The presence of various crystalline (ultra- 
mafic, mafic and sialic) pebbles in the middle Devonian of zone 
4, which can be considered as a molassic foredeep of the 
Palaeozoic belt, supports this inference. 

The Variscan tectonics have apparently involved three major 
events. Intracontinental shortening produced folding in zone 1, 
and large-scale southwards synmetamorphic thrusting in zone 
2, probably between 350 and 320 Myr BP. In zone 3, an episode 
of widespread granitization followed the above tangential tec- 
tonics. Chinese geochronological studies'' imply Variscan ages 
for some of these granites. The end of the Hercynian evolution 
of the belt may have involved important movements along the 
ductile strike-slip shear zones which separate zone 3 from zone 
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4. Some support for this inference is found in the age (~314 Myr) 
of deformations in vertically foliated and horizontally stretched ° 
Devonian rocks not far from the fault zone. 


Evolution of the Mesozoic fold belt 


The evolution of the Mesozoic (Indosinian) belt appears to have 
been simpler. The thick Upper Sinian to Triassic folded sequence 
is the sedimentary cover of the Yangtse Craton. No clear non- 
conformity can be seen between the Lower Sinian volcanics and 
the Upper Sinian limestones. The significance of this volcanism 
is still debated. The thick overlying sedimentary series corre- 
sponds to various depositional conditions. The Upper Sinian 
and Lower Palaeozoic (5-6 km) were apparently deposited on 
a passive margin bordering a Palaeozoic ocean to the north. 
The corresponding platform was cut by many faults. Extension 
is marked in the southernmost part of the studied area by alkaline 
to per-alkaline Ordovician magmatism It is thus probable that 
the continental crust of the Yangtse Craton was considerably 
thinned since the Upper Proterozoic. The Devonian and Car- 
boniferous platform type deposits are also very thick (up to 
4km), but locally show abrupt variations in thickness, perhaps 
in relation to synsedimentary normal faults recorded by local 
conglomerates and limestone breccias along the edges of horsts 
and grabens (Figs 5,6). In zone 4 the continental character of 
the Carboniferous may be related to the Variscan orogeny to 
the north. By this time the Yangtse and Sino Korean cratons 
had joined together and strike-slip movements along the Deng 
Fung Fault may have started. The Triassic is represented by 
thick platform limestones overlain by molasse. The subsequent 
Mesozoic folding thus affected a thinned but clearly continental 
crust (Figs 3, 5, 6). 

The downwards transition from steep to recumbent folding 
implies the existence of a major ‘décollement’ at depth. The 
observation of horizontal foliations in Lower Sinian domes over 
a large area, from north to south, shows the large extent of the 
décollement surface. Unfolding the upper competent layers on 
detailed 1/50,000 sections, suggests a minimum shortening of 
~40% in zone 5, over a present width of ~100 km and ~35% 
shortening farther south over a width of ~80km. The total 
displacement thus obtained on the décollement is ~100 km. As 
usual, this value may be considered a lower bound. The folded 
zone may be compared to an ‘accretionnary wedge’ made of 
the sediments detached from the Yangtse basement in a process 
akin to subduction (Figs 3, 5; see refs 23, 25 for continental 
subduction). As the same style of folding is observed to the east 
(Dabie Shan), a similar décollement may occur there. Farther 
to the east the belt is truncated by the large N-S left-lateral Tan 
Lu strike-slip fault”. Displacement on the Tan Lu Fault may 
account for the arcuate trend of Indosinian folds (E-W to 
NE-SW), perhaps also in relation to décollements at depth 
(Fig. 6). 


Relative movements between SCB and NCB 


It is worthwhile to compare the constraints on relative move- 
ments between SCB and NCB provided by the structural evol- 
ution outlined here with the results of recent palaeomagnetic 
studies'®:?°, Palaeomagnetic results imply that NCB and SCB 
were widely separated in the Cambrian, because their 
palaeopoles are quite different”. This is in agreement with the 
presence of ophiolites of Lower Palaeozoic age in the Qinling 
belt. Devonian conglomerates in zone 4 contain pebbles that 
came from a probable Caledonian belt then situated not far 
north. The lack of oceanic suture in zones 4 and 5 concurs to 
indicate that SCB was close to NCB at that time, as proposed 
by Zhang et alt. 

Independently of palaeomagnetic data’”, our geological 
data suggest that SCB used to be located much farther west 
relative to NCB than it is at present. One important piece of 
geological evidence is that the source of the crystalline pebbles 
in the Devonian (zone 4) may have been the Caledonian belt, 
which is well developed 800 km farther west in the Qilian Shan. 
Another is that NCB and SCB are now separated by large 


19,20 


$$ ARTICLES 


sinistral ductile strike-slip faults. 

We therefore believe that since the first collision between 
NCB and SCB in the Devonian, the two cratons have remained 
in contact, with only intracontinental deformation including, in 
particular, large strike-slip movements. This view, which conver- 
ges with that of Zhang et al.', is at variance with those of 
McElhinny’” and Klimetz’® who have proposed that NCB and 
SCB were separated by an ocean during the Permian. Our study 


suggests that movements between NCB and SCB since the. 


Devonian have only involved major sinistral strike-slip move- 
ments, probably in the Carboniferous, followed by convergence 
roughly normal to the Qinling belt with intracontinental subduc- 
tion and shortening during Upper Triassic times. The geometry 
of the Triassic belt and particularly the presence of the N-S, 
sinistral Tan Lu Fault at its eastern end is hard to reconcile with 
important strike-slip movements at this time. The final Tertiary 
and Quaternary movements between NCB and SCB also occur- 
red along E-W sinistral strike-slip faults. 

Although the discrepancy between Ordovician to Triassic 
poles of Lin et al.”° does imply eastward relative movements 
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between SCB and Siberia, and thus possibly NCB, these authors 
suggest that this motion occurred mostly during the Tertiary”. 
The timing they propose is therefore quite different from that 
outlined above. However, more recent assessments of 
palaeomagnetic evidence both in SCB and NCB, as well as in 
Korea and Japan’??? indicate that such motions cannot have 
occurred after the Jurassic, and thus are more in keeping with 
our geological conclusions. 
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The structure of the Qinling Shan mountain range (Shaanxi, China) involves major east-south-east strike-slip faults. 
Field observations made during two expeditions in 1983 and 1984 show that the faults are active and may have undergone 
several tens of kilometres of post-Eocene left-lateral displacement. The faults cut the morphology sharply and offset 
left-laterally small channels. Their trace is marked by cataclastic to mylonitic non-coaxial deformation zones at least 
50-100 m wide. The Qinling faults allow the eastward extrusion of south China and may be considered the easternmost 
continuation of the Altyn Tagh fault system. They link extensional tectonics in northeastern China to the Himalayan collision. 


THE Qinling Shan (Shaanxi province, China) is an east-west 
trending mountain range marking the limit between the North 
and the South China blocks (Fig. 1). Structurally, the range 
appears to be formed from the juxtaposition of two parallel 
orogenic belts'~*: a northern Middle Palaeozoic belt where fold- 
ing, thrusting and metamorphism resulted from the collision 
between the Sinokorean and Yangtze platforms, and a southern 
Lower Mesozoic foldbelt where upright folding of the ~10,000- 
m-thick Upper Sinian to Triassic cover of the Yangtze craton 
occurred above detachments which allowed the continental 
basement to subduct northwards under the Palaeozoic belt’. 
Large EW-ESE vertical faults separate the main structural zones 
of the range. Some of them have probably undergone important 
pre-Tertiary left-lateral displacements? 

Despite a history of low seismicity’, the study of Landsat 
images suggests that several of these strike-slip faults are still 


active, together with the major normal faults of the Fen Wei 
graben®. We report here first results of field work along several 
segments of the major faults bounding and cutting the Qinling 
mountains south-east of Xian, made during a broader structural 
study of the area. We also discuss the implications of such 
results for hypotheses concerning the disruption of the Asian 
continent by the India/ Eurasia collision®’. 


Quaternary displacements and morphology 


Inferences drawn from the study of Landsat images (Fig. 2) are 
confirmed by observations made in the field and by aerial 
photographs; these provide clear morphological evidence for 
Quaternary left-lateral displacements on EW-ESE strike-slip 
faults in the Qinling Shan, as well as for Quaternary throws 
on normal faults in and along the Wei He graben. A characteris- 
tic, straight, narrow furrow runs almost continuously for many 
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Fig. 1 Simplified map of Cenozoic and Quaternary tectonics in the Qinling mountain belt. Contours are from the geological map of Shaanxi 


province, 1/500,000. Faults are from Landsat images and aerial photographs complemented by field observations. Numbers and small arrows os 


indicate location of sites and outcrops described in the text. 


tens of kilometres along most segments of the Lo Nan and Shang 
_ Xien-Dan Feng faults (Figs 1, 2). The sharp rectilinear traces 
of both faults, particularly remarkable at sites 1, 2,3, and 5, 6, 
bound or cut elongated Tertiary and Quaternary basins (Fig. 
1). In the field, the furrow seen on the aerial photos generally 
corresponds to an alignment of small passes and truncated spurs, 
sometimes outlined by a corridor of cultivated fields. At sites 
west of Lo Nan, for instance (Figs 1, 3a), it is clear that the 
fault plane is vertical and that Quaternary displacement on the 
fault is mostly strike-slip, because no difference in elevation can 
be observed between the two sides of the fault. Important 
disruptions of the Quaternary drainage pattern imply late 
Quaternary left-lateral movements. West of Shang Xien, for 
- instance (Fig. 1, site 4), the trace of the southern branch of the 
< Shang Xien fault is marked by kilometric left-lateral offsets of 
- at least seven adjacent river channels (Fig. 4). A smaller sequence 
_Of left-laterally deviated streams is also observed along the Lo 
Nan fault (Fig. 1, site 1). Some larger rivers, however, do not 
appear to be offset by the faults, and offsets are not always 
_ similar along strike (Fig. 2). Although larger, and thus presum- 
-ably older, river channels should be more offset than smaller 
_ ones, offsets of 10 km or more, equal to or larger than the spacing 
between major streams draining the Qinling, may be attenu- 
ated, cancelled or even reversed by capture’. Such changes in 
the river courses will occur more easily in places where the 
rivers are less deeply entrenched in their channels, such as along 
the fault-bounded edges of sedimentary basins (for example Xi 
Ping basin, Figs 1, 2). | 

Triangular facets several 100m high indicate important 
Quaternary normal throws along the San Yan fault (Fig. 1, 
-site 8). Along the large fault which forms the southern edge of 
-the Wei He graben south and east of Xian, Holocene normal 
_ throws are also particularly clear. On Fig. 36, for instance (Fig. 
1, site 9), the more gently sloping upper part of the triangular 
-spur is truncated by a steep planar trapezoidal facet, which 












Suggests a recent increase in the rate of faulting. The relatively ; 
small incision made by the stream flowing down the ‘wine-glass’ 
valley in the centre of the facet corroborates this inference. 
North of the Wei He (Figs 1, 2), several north-east striking — 
normal fault scarps, as well as a more linear, probably strike-slip, 
east-west scarp on which they appear to branch, cut the Quater- 


nary fill of the graben and disrupt the morphology of its floor: 
These scarps are a good illustration of the combination of 


strike-slip and normal faulting which characterizes the active 


and Quaternary tectonics of the whole area. 


Deformation near and within fault zones 


Rocks were observed to be deformed in a similar brittle way in 
most places along the large strike-slip faults. In basement rocks. 
as well as in Tertiary terrains, the faults are generally outlined 
by 50-100-m-wide cataclastic gouge zones in which both the 
orientation of the steep schistosity and the sense of rotation of 
phacoid fragments indicate left-lateral strike-slip displacements. 

East of Lo Nan, for instance (Fig. 1, site 3), a spectacular 
100-m-wide zone of cataclasites and gouges crops out along a 
river which crosses the fault (Fig. 3c). Within the 110 °N striking 
deformed zone, parallel bands of gouges involving different 
types of rock are observed: lenses of foliated and stylolitized. 
white marbles with sigmoidal shapes, green and dark-grey clays, 
reddish-weathered sandstones, dark-brown to black fault 
gouges, apparently derived from red pelites and shales and 


fragments of basement rocks such as granites. In all the bands, 
the steep foliation has a nearly constant strike of 130°N. Thi 
non-coaxial deformation suggested by the anticlockwise rotatio: 





of numerous phacoids is consistent with left-lateral shear within 
the gouge zone. This sense of movement is corroborated by the 
existence of many small left-lateral shears striking ESE-ENE_ 
(Fig. 3c), in a manner similar to C and C’ planes in ductile. 
shear zones (see ref. 11). The gouge zone limits a Mesozoic. 
granite (Fig. 1) which has suffered brittle to semi-ductile (left- 
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lateral) shear in the upper greenschist facies (chlorite) in the 
vicinity of the fault. 

Examples of such brittle deformation are also clear in site 2, 
where the Lo Nan fault marks the contact between pink Neogene 
sandstones and pelites to the north and Eocene red conglomer- 
ates and sandstones to the south, at the place where the streams 
bend to the west along the southern branch of the Shang Xien 
fault (site 4, Fig. 1, and arrowed Fig. 4), and south of Dan Feng 
(Fig. 1, site 5) where the fault marks the contact between 50° 
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Landsat mosaic of the Wei He graben 
and Qinling Shan east of Xian. 


north-dipping Eocene conglomerate and Devonian slates and 
greywackes. In this latter site, fractures and cleavage appear in 
the Eocene rocks several tens of metres away from the fault 
zone. Closer to the fault, the cleavage becomes an intense 
cataclastic foliation in which greenish lustrous shear zones, 
sometimes bearing horizontal slickensides, swing around the 
largest pebbles. Some of them are crushed into powder. The 
zone where major displacements have occurred corresponds to 
a 20-m-wide band of greenish-white gouge where the original 
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Fig. 3 a, Westward-looking view of left-lateral strike-slip fault 
west of Lo Nan. The fault trace is marked by an alignment of small 
passes and a narrow corridor of cultivated fields (Fig. 1, site 1). 
b, Prominent normal fault scarp and wine-glass valley south of 
Xian (Fig. 1, site 9). c, Detail of fault gouge within the Lo Nan 
fault zone (Fig. 1, site 3). Foliation strikes 130°-150° N and left 
lateral shear 120° N, overall orientation of fault zone is 110° N. 


rocks can hardly be recognized. 

Within the Eocene-Neogene basins, smaller faults in the red 
beds (Fig. 1, sites 6, 7) bear slickensides with various pitches 
and senses, the overall brittle deformation being consistent with 
left-lateral movements on the major faults. East of Xi Ping, for 
instance, along the northern edge of the Eocene basin (Fig. 1, 
site 6), numerous small left-lateral faults striking 110-150° N 
are observed. Most of those striking 140-150°N have a sig- 
nificant thrust component. In the San Yan basin, on the other 
hand (Fig. 1, site 7), slickensides observed on small NE-SE 
fault planes in the Eocene red beds show a combination of 
normal and strike-slip movements (Fig. 5a). Although most of 
the slip vectors shown in Fig. 5b are consistent with a least 
principal horizontal stress oriented SSE, the northern edge of 
the basin shows evidence for purely strike-slip right-lateral 
movements on faults striking 120-130° N which are thus incom- 
patible with the slips on Fig. 5b. Clear right-lateral horizontal 
slickensides are also observed on the main, now largely normal, 


Fig. 4 Left-lateral offsets in the 

drainage pattern along the Shang 

Xien fault. The small arrow indicates 

the site where the gouge was 

observed. From a topographical map 

of Shang Xien, 1/100,000 (fig. 1, 
site 4). 
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San Yan fault plane, east of San Yan. North of San Yan, 
however, such strike-slip fault planes are always cut by the 
normal-strike-slip faults shown in Fig. 5b. There is thus a sugges- 
tion that, after the deposition of the Eocene red beds, a pre- 
dominantly strike-slip regime consistent with roughly NNE 
regional shortening was followed by the more pervasive 
extensional strike-slip regime illustrated by the measurements 
in Fig. 5b; the latter regime still dominates the tectonics of the 
Qinling and Wei He areas, and implies left-lateral components 
of slip on all faults striking between SSE and ENE, including 
the major Lo Nan, Shang Xien and San Yan faults. 

Along the Lo Nan and Shang Xien faults, the late Cenozoic 
gouge zones often follow more ductile and locally wider vertical 
shear zones*”. Large movements may have occurred within such 
zones, which generally correspond to boundaries between the 
main structural units in the Qinling range’. Ductile deformation 
has produced mylonites with vertical foliations of variable 
intensity. As in the Tertiary gouge zones, the deformation is 
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Fig. § a, North of San Yan, left-lateral slickensides in Eocene 

sandstones (Fig. 1, site 7). b, Slickensides measurements on post- 

Eocene faults north of San Yuan (lower hemisphere projection) 
are compatible with roughly SSE extension. 


non-coaxial and numerous criteria in the field as well as in thin 
sections indicate anticlockwise rotation and thus left-lateral 
shear within the mylonitic zones’. Some of the movements along 
such ductile zones may have occurred in the Palaeozoic (3), but 
also during and since the Mesozoic because most of the mesozoic 


granites are affected by ductile shear along the faults and are 
transected or offset by them’. 


Amount of Tertiary displacement 


_ The evidence for late Cenozoic activity on the faults described 
_ above is compelling. (1) Tertiary continental deposits are clearly 
_ involved in the gouge zones along the faults, and affected by 
__ the compatible regional brittle deformation. (2) The strike-slip 
_ faults may have controlled the formation of intramontane Ter- 


= tiary basins, which are elongated adjacent to the faults and 


could thus represent pull-apart basins along them. (3) The clear 
morphological traces observed in the field as well as on aerial 


and satellite photographs, and the offset of the river channels, 


substantiate late Quaternary activity on the faults. 

Although the existence and sense of strike-slip movements in 
the Qinling Shan since the Eocene can be considered firmly 
established, the amount of slip experienced by each fault is 
more debatable. Nevertheless, several points may be empha- 
sized. First, it is unlikely that intensely foliated 50-100-m wide 
gouge zones containing a great variety of phacoid fragments of 
basement and cover rocks such as those described above could 
be the result of displacements smaller than a few tens of 
kilometres. Second, displacements of 1-1.5km of the late 
Quaternary drainage pattern along the Shang Xien fault (Fig. 
4) could imply left-lateral slip rates of 1-15 mm yr ' on that 
fault alone, if the small offset river channels were 10°-10° yr 
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Fig.6 a, Idealized block diagram showing how normal faults and 

grabens merge with strike-slip faults and absorb only part of the 

left-lateral displacements along them. b, Two-dimensional 

analogue: fissures and cracks branching off left-lateral strike-slip 
faults. 


old. Note that, despite the extreme uncertainty about the erosion 
rates in the Qinling and ages of river channels of different 
orders within the drainage network, the order of magnitude of 
such rates is broadly comparable to that found along the Red 
River fault, another large strike-slip fault in China’’, and is not 
inconsistent with the absence of a great earthquake along the 
Shang Xien fault in the past 1,000-2,000 yr (ref. 5). Third, the 
fact that the major branch of the Shang Xien-Dan Feng fault 
forms the southern boundary of the Shang Xien basin and the 
northern boundary of the Xi Ping basin (Fig. 1) suggests that 
these two basins, perhaps once part of a unique basin, have 
been displaced left-laterally by the transecting Shang Xien-Dan 
Feng fault. If this inference is correct, the total late Cenozoic 
offset of the Shang Xien-Dan Feng fault could be of the order 
of 150 km (Figs 1, 2). 


Regional kinematics 


The observations above show that the Neogene and Quaternary 
tectonics in the Qinling mountain range have been dominated 
by EW-ESE strike-slip faulting with minor components of nor- 
mal faulting. In regions north of the Qinling, on the other 
hand (Figs 1,2), extensional tectonics on NNE-ENE normal 
faults appears to have prevailed. Such a change in tectonic style 
corroborates the idea that the Fen Wei rift system (Shaanxi rift), 
as well as other normal faults, half graben and rifts north of the 
Qinling range may be viewed as analogous to fissures and 
cracks branching off left-lateral strike-slip faults, near their 
extremities (Fig. 6)°°”'*. Because only part of the eastward 
movement of Tibet and Qaidam with respect to both north and 
south China is absorbed by thrusting and mountain building in 
the Qilian Shan and Longmen Shan, there remains a component 
of left-lateral movement between south and north China. Thus, 
as both Tibet and the Yangtze block are pushed towards the 
east with respect to north China by the northward movement 
of India, the strike-slip faults of the Qinling Shan actually 
represents splays of the eastern end of the Altyn Tagh-Haiyuan 
fault system. Although there are thrust components of slip along 
the Haiyuan fault in the Liupan Shan", the displacement 
between south and north China east of Baoji is absorbed not 
only along the Qinling faults but also by increasing amounts 
of NW-SE crustal extension, particularly in the grabens east of 
the Ordos block. The Qinling belt thus forms the southern 
limit of a deformed zone whose fragments are dragged eastward 
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by the Yangtze block, and the left-lateral slip observed along 
the Shang Xien and Lo Nan faults represents that part of the 
eastward displacement which is not taken up in the Fen Wei 
graben. The observation that these faults, or faults which splay 
off them, seem to continue along the edges-of the Dabie Shan 
to vanish only = 1,000 km east of Xian in the region where they 
merge with the Tan Lu fault**’, suggest that gradual conversion, 
into extensional drag, of the remaining slip of south China 
relative to north China in the eastern Qinling, may have been 
the chief cause’? of the late Cenozoic normal faulting observed 
in the north China basins’. Note that the fault pattern illustrated 
in Fig. 6, which involves predominantly normal faults coeval 
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Cosmological experiments in 
superfluid helium? 
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Theoretical Astrophysics, Los Alamos National Laboratory, 
Los Alamos, New Mexico 87545, USA 


Symmetry breaking phase transitions occurring in the early Uni- 
verse are expected to leave behind long-lived topologically stable 
structures such as monopoles, strings or domain walls’~*. Here I 
discuss the analogy between cosmological strings and vortex lines 
in the superfluid, and suggest-a cryogenic experiment which tests 
key elements of the cosmological scenario for string formation. 
In a superfluid obtained through a rapid pressure quench, the 
phase of the Bose condensate wavefunction—the “He analogue of 
the broken symmetry of the fleld-theoretic yacuum-—will be chosen 
randomly in domains of some characteristic size d. When the 
quench is performed in an annulus of circumference C the typical 
value of the phase mismatch around the loop will be ~(C/d)'*. 
The resulting phase gradient can be sufficiently large to cause the 
superfluid to HON with a measurable (mm s~'), randomly directed 
velocity. 

Near the second-order phase transition, the potential contri- 
bution V to the free energy density of the system can be approxi- 
mated by?*: 


V =al (PHBA (1) 


Strings will be able to form when the order parameter (Higgs 
field) y is complex?”® 


l y=|y]e® (2) 


In the broken symmetry phase a is negative and V defined 
above has the shape of a sombrero. This situation may occur 
in cosmologically relevant field theories™®. It is also a reasonable 
approximation for the superfluid “He as well as for superconduc- 
tors’-'®. In particular, for the superfluid near critical temperature 


T,, the coefficient a = a'(T~T,), where a’.and 8 are constants 


which can be deduced from specific heat data”? 
Strings are axially symmetric, stationary solutions of the field 
theory with the potential given by equation (1). In the superfluid 


“He the order parameter Ņ} can be thought of as a wavefunction 
of the Bose condensate*”. In Landau-Ginzburg theory it obeys 
the Gross-Pitaevskii equation’? 


ih = -(h°/2m)V° y — (aV/aly |?) (3) 


When W is correctly normalized the mass m can be set equal to 
that of the *He atom’”’. A string-like solution of the time- 
independent part of equation (3) can be expressed in cylindrical 


coordinates (p, œ, z) as: w/w) = R({p/é) exp (ind) where o= 
Ja/B and £ is the correlation length 


E=h/V2ma (4) 


The radial part, R(p/ £), is zero at the origin, and remains small 
within a cylinder p < £ The winding number n in the azimuthal 
part of the solution must be an integer; otherwise the wavefunc- 
tion ý could not be single-valued. Analogous solutions of rela- 
tivistic field theories are known as strings’’. 

From the Schrodinger equation for w one can deduce that 
the velocity of the superfluid is given directly by the gradient 
of the phase @ of the wavefunction: 


i =(h/m)V 6 (5) 


Thus the axially symmetric solution of the Gross-Pitaevskii 
equation predicts circulation of the superfluid around the axis 
of symmetry with the velocity: 


vy =(h/m)n/r (6) 


Each atom of *He involved in this circulation carries an amount 
h of angular momentum. The vorticity is therefore quantized. 

Onsager’ and Feynman’? proposed such quantized vortex 
lines to avoid a rotation paradox” in the superfluid. They have 
been since thoroughly investigated in a variety of experi- 
ments'*-'®, They are usually created in the superfluid by stirring 
or by rotating. By contrast, the scenario (known as the ‘Kibble 
mechanism’) for the creation of their early Universe analogues— 
strings—in nonequilibrium phase transitions is thought to 
involve ‘freezing out’ of fluctuations of the Higgs field y in the 
course of a rapid phase transition induced by the decrease of 
temperature during the cosmological expansion’*®. The key 
assumption states that the phase of the frozen-out field configur- 
ation will be determined independently in regions which did 
not have a chance to interact. By the same token, 8 should differ 
in causally disconnected domains of the superfluid. In either 


506 


case, the density / of strings left behind by a rapid phase 
transition should be of the order of: 


d~d? (7) 


Here d is the correlation length of the frozen-out configuration 
of the order parameter. (Higgs field). The above formula follows 
from a natural assumption that each domain of size d has volume 
~d’ and will contribute, on the average, a section of length d 
toa string” 

Generation of vortex lines by the pressure quench in normal 
“He has already been proposed'’.. However, -the random 


network®* of vortex lines is likely to evolve rather rapidly and ’ 


a quantitative verification of the above scenario may proye 
difficult. Here, we suggest an even more dramatic prediction 
relevant for the case of: a pressure quench in an annular 
geometry. This experiment may be more challenging than gener- 
ation of vortex lines", but the expected effect—-non-zero, 
measurable superfluid circulation—should remain unchanged 
‘for considerable periods of time which, in turn, should make 
quantitative comparisons with theory more reliable. . 

Consider rapid normal to superfluid phase transition occurr- 
ing in an annulus with circumference C =27R, and with a minor 
radius r« R (Fig. 1). Suppose, in accord with the Kibble 
mechanism, that the coherence length of the frozen-out configur- 
ation of y is d. The number of independent domains along | the 
circumference of the annulus is: 


N=C/d (8) 


If the phase of ẹ is chosen independently in each of N domains, 


the typical mismatch of 6 is given by: 
s=] Vo-ds~J/N (9) 
C 


where ds is the line`element along ‘the circumference of the 
annulus. 


Therefore, the anticipated value of the gradient of @ ‘frozen ° 


out’ by the phase transition will be of the order of4/N/C. We 
are forced to conclude that the phase transition will leave 


superfluid in an annulus circulating with a velocity of the order ° 


of: 
v= (A) m)/(Ca)*? (10) 


This formula is the key result of our paper. It amounts to a 
rather unexpected prediction: a rapid phase transition will leave 
superfluid circulating around an annulus.. 

To find out if v, induced by pressure quench.can be deétected, 
we must estimate correlation length of fluctuations frozen out 
in the phase transition. To this end, consider liquid *He near 
but above the phase transition temperature 7,. The correlation 
length £ of the order parameter and. the correlation time + 
determine spatial and temporal extent of individual fluctuations. 
Correlation time 7 can be estimated from the Gross-Pitaevskii 


equation (3) as r='h/a. It can be also evaluated directly by `’ 


dividing correlation length by the characteristic velocity with 
which fluctuations propagate. In our case, this characteristic 
velocity is of the order of the velocity of the second sound, c, 
in the superfluid. Let us first suppose that the phase transition 
is accomplished on a very fast (« r) timescale. Critical slowing 
down and the, fact that the velocity of the first sound, c,, near 
T, is much larger than c, (refs 7, 9), make pressure changes on 
a timescale faster than 7 feasible. Such rapid phase transition 
will be completed before the initial configuration of y has a 
chance to adjust. Hence, in this case of an instantaneous quench 
the size of the ‘frozen-out’ fluctuation is simply equal to the 
initial, pretransition correlation length £, that is, d = &. One can 
now use equation (10) to calculate circulation velocity v, ` 
This simple estimate of d illustrates the connection of the 
initial configuration of. with the characteristic scale d, but it 
also avoids a central question: what scales of d can one hope 
to achieve by performing a quench on a realistic, and hence 
finite timescale? For, in contrast to the case considered above, 
had one performed the transition infinitesimally slowly, correla- 
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Fig. 1 In an annulus with circumference C =2aR quench will 
result in ~C/d ‘domains’ of average size d with significantly 
different phase 6 of the ‘Bose condensate wavefunction % The 
typical mismatch of the ‘phase around the loop’, 80 = fc V60 ds ~ 
V(C/d), corresponds to the measurable superfluid velocity v, ~ 


(h/m)/v(Cd). 


' tion length would have had time to become infinite at T= 7, 


and d > C would have implied v, = 0. Clearly, the intermediate 


- case of finite speed quench is most realistic. To discuss it, let 


us suppose that the temperature parameter € changes linearly 
with time: 


ée=(T,—71)/T, = t/t (11) 
Equilibrium correlation length would then vary as: 
E= ge” (12) 


where ¿= 5.6 Å and v= + for the Landau-Ginzburg theory, 
while the renormalization pe as well as experiments yield 
v =2/3 and £= 4 A (ref. 16). Moreover, me characteristic veloc- 


ity can be expressed as: 


u = ugE' 


i a3) 


with u =70 ms"! in Landau-Ginzburg theory and ug = 47 m s™! 


in the renormalization group case’®. The correlation timescale 
7 can be now estimated as:. 


T=£/u=7/e (14) 


If changes of £ occur on a timescale small compared to 7, the 
state of the system—fluctuations of y—-can readjust to the new 
set of thermodynamic parameters, and the system can be regar- 
ded as evolving close to equilibrium. On the other hand, if 7 
exceeds the inverse of the rate of change of £s, # will lag and 
the situation will be close to the instantaneous phase transition 
we have discussed previously. The freeze-out time f which marks 
the boundary between these two regimes occurs when 7 is equal 
to the time interval before the transition (Fig. 2). This-implies 
the equality: 





r(f) z N (15) 
Using equation (14) we calculate the freeze-out time 
f= Nar (16) 
_ This readily yields out estimates of the frozen-out correlation 
length: 
ACE) = Eol To 70)"”” (17) 
Above, 1) = o/ uy = 8.5 X 107!?s in Landau-Ginzburg as well as 


in the renormalization group models. It should be emphasized 
that equation (17) is only an estimate’ it can be expected to 
yield values correct to within an order of magnitude. Moreover, 
as d corresponds to the.size of the causal (sonic) horizon at the 
freeze-out time, it is probably an overestimate. We can, neverthe- 
less, use ıt in equation (10) to obtain an estimate of the circula- 
tion velocity v, induced by the rapid quench. 

To this end, we set. conservatively 79 = 107" s and C =] cm. 
This yields d~10*A and a detectable v, ~ 1mm s™'. As the 
values mentioned above appear within the reach of experimental 
possibilities and as the final velocities are significant, we are 
also forced to consider the issue of conservation of the angular 
momentum. To formulate it more conveniently, we make one 
more simplifying assumption about the design of the experiment, 
by taking d ~r» &, (&;, final correlation length). This construc- 
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tion ascertains that ıt will be the overall phase around C rather 
than creation of individual vortices inside the annulus which 
will determine final values of v, It also assures that boundary 
effect can be neglected after the quench is completed. 

The typical angular momentum carried by the superfluid 


l J,= MRv, (18) 
can be expected to be of the order of $x 107"! gcm’s7' for 
M = p,Crr° ' 


where we take typical p,~01gcm™ as the density of the 


superfluid, and, as before, C=1cm and r~d=107*cm. 
Browntan motion of the superfluid is-compatible with 


Jq=(KTMR?2)"2— (19) 


which, at T~ T, ~2K, 1s ~10°'? gcem?s7! There is a dis- 
crepancy of several orders of magnitude between the anticipated 
value of J, and the much smaller thermal Jy. One may wonder 
whether the scenario which appears to predict such apparent 
violations of conservation laws ın the context of superfluid phase 
transitions can be regarded as a possible model for generation 
of cosmological defects. While these questions will have to be 
reconsidered after experimental results become available, it 1s 
of interest to anticipate possible answers. 

Let us first suppose that velocities induced by the rapid phase 
transition are consistently smaller than v, predicted by equation 
(10) and that final angular momenta are compatible with Jr. 
This would indicate that either the scenario for the formation 
of topological defects has a flaw, or that for some reason the 
cosmological scenario 1s not applicable to He. It is perhaps 
worth noting that such an outcome (v,~0) would not violate 
causality. Indeed, there 1s an analogous situation—non-separ- 
able Einstein-Podolsky-Rosen correlations of two quantum sys- 
tems—in which individual subsystems appear to be acting in a 
completely random fashion, and yet correlations between them 
are sufficiently strong to ensure conservation of angular momen- 
tum’? It is conceivable that a similar situation could arise for 
fluctuations of yw: they could appear to be independent and 
random on a scale of a few correlation lengths but the conserva- 
tion law could at the same time restrict the ‘phase around the 
loop’ to much less than the value predicted by equation (9). If 
one were forced by the results of the experiment to invoke this 
explanation for “He, standard cosmological scenarios for 
monopole, string and domain formation would have to be recon- 
sidered. 

I regard the outcome outlined above to be rather unlikely 
Let me therefore suppose that velocities detected in the quench 
experiments will be consistent with those predicted by equation 
(10). How can one reconcile these with the law of conservation 
of angular momentum? We start by noting that there is a simple 
condition which must be satisfied ıf the superfluid velocity is to 
equal the velocity of brownian motion From equations (18) 
and (19) it follows that J, = Jr when. 


par? /d)=(m/h) kT (20) 


Clearly, this condition cannot be satisfied far away from the 
A-line, where p,~ 0.1 gcm? However, superfluid density 1s a 
function of temperature’®: 


p= por” (21) 


, , 
with pọ=0.36gcm™™. Therefore close to T, the superfluid 
density will become sufficiently small for equation (20) to hold 
If we now set r= ad, a ~ 1, to ensure that boundary conditions 
do not matter at a time t when the flow 1s supposed to start, 
we will discover that equation (20) holds when p, 1s also calcu- 
lated at £ corresponding to t. Indeed, equation (20) can then 
be written as 


3 


pd =(m?/h?)kT/ ra? ` (22) 


and its left-hand side equals, for the data quoted by Ahlers’®, 
p.d =1.44x10 ° gcm? while the right-hand 
(m?/h?)kT, / ma? = 0 35 x1078/a? g cem™>. 


side yields 
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Fig. 2 Changes of the fluctuation timescale during a quench, a 
portion of the phase diagram of “He is shown ın the lower part of 
the figure. The approximate trajectory of the quench 1s also indi- 
cated Near the A-line timescale 7 becomes large, and fluctuations 
of u ‘freeze out’ Characteristic freeze-out time f determines the 
correlation length of the configuration responsible for creation of 
topological defects, as well as for the remanent circulation in 
annular geometry 


The two sides of this equality, equation (20), are sufficiently 
close to each other that setting r~ d/2 (diameter equal to the 
correlation length—a fairly natural assumption) can make them 
numerically almost identical. Clearly, at the beginning of the 
superflow, at = t after the phase transition, angular momentum 
carried by the superfluid is due to the brownian motion. 

The resolution of the paradox is now at hand; ıt is a well- 
known experimental fact that in the course of changes of e the 
velocity of the superfluid remains constant, and its angular 
‘momentum changes accordingly due to the temperature-depen- 
dent p, (ref. 19) The violation of the conservation law can be, 
nevertheless, avoided, as the normal fluid takes up angular 
momentum and transfers it to the walls of the container. Thus, 
as £ increases during the quench, normal fluid will begin to 
counter flow with the appropriate velocity, and any conflict with 
conservation laws can be avoided. We are, however, left with a 
curious equality which ought to be—and appears to be— 
satisfied Indeed, equation (22) has been proposed'®*%?! in 
discussions of the healing length of superfluid helium. We have 
arrived at it in a very different way 

We have proposed an experiment—quench-induced phase 
transition from normal “He to the superfluid—which, when 
analysed using the standard scenario for formation of topologi- 
cal defects ın phase transitions, predicts. (1) appearance of 
vortex lines in bulk superfluids, and (2) measurable random 
velocities of circulation in torus-shaped containers. The final 
velocity of circulation (mms™')1s measurable This experiment, 
therefore, can be regarded as a laboratory test of the Kibble 
mechanism, one of the key elements of the cosmological 
scenario. i 
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Does Saturn have rings outside 10 R.? 


A. F. Cheng 


Johns Hopkins University Applied Physics Laboratory, Laurel, 
Maryland 20707, USA 


L. J. Lanzerotti & C. G. Maclennan 
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Vasundhara et al.’ and Mahra et al.’ have recently reported 
detections of new saturnian ring systems near 12.5 and 19.5 Saturn 
radii (R,), respectively. Lazarus et al. have previously suggested 
that one or more tenuous rings may exist between 14 and 19 R,, 
based on observations of unexplained drops in low-energy plasma 
ion densities in this region of the magnetosphere by Pioneer, 11 
and Voyagers 1 and 2. However, Baron and Elliot have placed a 


stringent upper limit on the J-band brightness of any material in: 


the region 10-36 R, west of Saturn. Here we review the Voyager 
ion and electron data in the energy range 30—1,000 keV as measured 
by the Low Energy Charged Particle (LECP) experiment. There 
is no convincing evidence for ring matter outside 10 R, in these 
data. Features in the charged particle fluxes in these regions are 
more readily explained by temporal variations and/or spatial 
structure unrelated to ring matter,,such as the mantle on the 
dayside and/or detached plasma sheets‘. 

Vasundhara et al,’ observed the occultation of the star SAO 
158913 from two stations, Kavalur and Naini Tal. Kavalur 
observed both immersion and emersion events near 12.5 R,, but 
Naini Tal observed only an immersion due to ‘cloudy sky 
conditions’. Examination of the light curves shown in Fig. 2 of 
ref. 1 reveals that the immersion and emersion events at Kavalur 
clearly differ from each other and are qualitatively different 
from the immersion event at’ Naini Tal. It is perhaps even more 
significant that Vasundhara et al.’ do not report any intensity 
variations near 19.5 R,. Likewise, Mahra et al? observed the 
occultation of SAO 158763 from Naini Tal, apparently using 
the same techniques as Vasundhara et all’. Ani immersion event 
was reported near 19.5 R,, with sharp intensity decreases exceed- 
ing 0.3 mag, but no emersion event was observed there, within 
the observational scatter of 0.03 mag. Furthermore, no events 
are reported near 12.5 R.. 

Significant discrepancies therefore exist among the occulta- 
tion observations, arguing against the presence of ring matter 
at either location. An additional constraint is provided by the 
observations of Baron and Elliot*, who showed that the J magni- 
tude was fainter than +22 arc s~? for material distributed over 
a region larger than the 3 arc s seeing disk. We assume the colour 
index V—J=0.81 and the apparent visual magnitude of the sun 
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Fig. 1 lon count rates in two energy channels from the LECP 

experiments during the encounters of the Voyager 1 and 2 space- 

craft with the Saturn system. The inset shows ion phase space 
densities for Voyager 2 inbound. 
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Fig.2 Electron count rates in two energy channels from the LECP 
experiments during the encounters of the Voyager 1 and 2 space- 
craft with the Saturn system. 


Vo= -—26.74, as usual. The occultation measurements’ suggest 
an average optical depth r=0.1. If this optical depth applies 
throughout the seeing disk, then the obscuring matter must have 
an extremely low albedo. Specifically, if V> 22.81 arcs~*, the 
product of geometric albedo p and phase function @ must be 
pe <2X10~°. Neglecting @, we find an albedo ~10* times lower 
than that of any known body in the Solar System. Even the dark 
regions of Iapetus have p~0.05. The occultation measure- 
ments** suggest a radial extent for the rings of 0.2-0.5 R,, which 
is large enough to fill approximately the seeing disk reported 
by Baron and Elliot*, as was assumed above. 

-Energetic ion and electron data from the Voyager 1 and 2 
LECP experiments are shown in Figs 1 and 2, respectively. The 
data inbound and outbound are ordered by distance from the 
planet. Inbound, the magnetopause was crossed: by Voyager 2 
near the noon meridian between 18.and 19 R, Outbound, on 
the morning side, the magnetopause was at ~50 R,. For Voyager 
1, the last inbound magnetopause crossing occurred at ~23 R,, 
while the first outbound crossing was at ~43 R,. If long-lived 
ring systems are present, absorption of charged particles by ring 
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matter should produce an observable effect such as a gradient 
change in the count rate profiles. No such effects are evident in 
the data or in the Voyager 2 inbound ion-phase space densities 
(inset in Fig. 1). The depression of the Voyager 2 electron data 
inbound at ~15 R, would correspond better with a ‘moon’ 
signature. The ‘corresponding plateau’ in the ion data (also at 
~15 R,) has the wrong sign for ring absorption. 
Unfortunately, the interpretation of the charged particle data 
is complicated by. many such competing effects. A ‘plasma 
mantle’ has already been identified at ~11 R, on Voyager 2 
inbound and ~12.5 R, ón Voyager 1 inbound’. Inside the mantle 
boundary, the count rate profiles in the low energy ion and 
electron channels are suggestive of ‘permanently’ trapped parti- 
cles, whereas outside it, to the magnetopause, the profiles suggest 
a quasi-trapped population. This mantle boundary clearly com- 
plicates the search for ring matter near 12.5 R,. Furthermore, 
Voyager 2 inbound encountered the magnetopause near 19 R, 
as determined by plasma, magnetic field, high energy charged 
particle, and plasma wave data. On Voyager 1 outbound, an 


unexplained drop-out occurred at all observed ion and electron . 


energies from 10 to 14 R, (ref. 5). No such effect has been 
observed on any other pass. 

Thus the structure and dynamics of the saturnian magneto- 
sphere must be taken into account in interpretations of charged 
particle data. We have therefore identified the Voyager 2 out- 
bound pass as being especially well suited for detection of ring 
matter, since the magnetosphere was unusually quiescent and 
spatially distended during that time. The magnetopause was not 
encountered until ~50 R, outbound, and the mantle boundary 
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was not encountered within 25 R, Temporal variations also 
appeared to be minimal during that pass. Thus, the Voyager 2 
outbound pass is the most likely to reveal the effects of ring 
matter. 

To qualify as a signature of ring matter, an absorption feature 
must be observed consistently at the same radius in many 
different ion and electron channels, both at high energies (for 
example, lower panels of the Voyager 2 portions of Figs 1 and 
2) and at low energies. Even for the Voyager 2 outbound pass, 
the data in Figs 1 and 2 do not reveal any such absorption 
signatures. 

We conclude that the reported detections of saturnian ring 
systems near 12.5 R, and 19.5 R, are subject to serious question. 
Significant discrepancies exist among the various reported 
occultation observations. If the rings actually exist, they must 
be composed of matter possessing a spectacularly low albedo, 
roughly four orders of magnitude less than carbon black. Finally, 
no convincing evidence for ring matter outside 10 R, is found 
in Voyager energetic charged particle data. ' 

We thank Dr M. Paonessa for calculating the phase space 
densities. The work at JHU/APL was partially supported by 
NASA under contract N00024-83-C-5301. 
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The shergottites, nakhlites and Chassigny, collectively known as 
the SNC meteorites, seem to define a petrological and geochemical 
sequence’. Together with their young radiometric solidification 
ages of only ~1,300 Myr (refs 2-9), this has been interpreted as 
evidence for magmatic ‘activity on their parent body late in its 
history. Such late magmatism is most easily envisaged for 
planetary-sized bodies and it has been suggested that SNC 
meteorites are derived from Mars (see ref. 10 and refs therein). 
This suggestion is supported by the apparent similarities between 
the noble gas and nitrogen composition of the present martian 
atmosphere’? and gases trapped in shock-produced glass phases 
of the shergottite EETA 79001 (refs 13, 14). Our analyses of 
trapped argon, krypton and xenon in Shergotty, Nakhla and 
Chassigny reported here show, however, that these meteorites do 
not contain unadulterated noble gases from the martian atmos- 
phere, fractionated or not. They indicate that for Nakhla and 
Chassigny. in particular, a martian origin is only possible if the 
martian atmosphere contains a higher fraction of radiogenic '?°Xe 
and of fissiogenic xenon than does xenon in martian rocks. This 
is the opposite of the situation on Earth. 

The gas concentrations as well as elemental abundance ratios 
in Shergotty, Nakhla and Chassigny are very different from one 
‘another and from those in EETA 79001 and the martian atmos- 
phere (Table 1). This by itself argues neither against a common 
origin of the meteorites nor against their origin from Mars. For 
the gas patterns of the meteorites to be similar to one another, 
the mode of occurrence of the gases and of their acquisition by 
the meteorites must be similar. In the particular case of a 
resemblance of the meteoritic gases with those in the martian 
atmosphere, a process must be found to introduce gases into 
rocks without much fractionation. Shock appears to be such a 
process, The resemblance between the patterns of EETA 79001 
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glass and the atmosphere of Mars is, therefore, generally 
ascribed to the introduction by shock of atmospheric gases into 
the glassy constituents on their conversion into the glassy state. 
That the gas concentrations per cm? in both are within a factor 
of 2 suggests that this conversion has taken place at the surface 
of Mars or at least by direct contact between what is now 
meteorite EETA 79001 and the atmosphere. Gases from pore 
space in some deeper layers on Mars would presumably not be 
sufficient. 

Only the glass in EETA 79001 exhibits these features. With 
no such gas-rich glass reported for Shergotty, Nakhla and 
Chassigny, these meteorites must have acquired their primordial 
noble gases in some other way. Depending on the exact kind 
of process(es), this could cause fractionation between the gases, 
but it should not yield perceptible isotope fractionation. Because . 
in Shergotty, Nakhla and Chassigny at least one isotope ratio ° 
is different from the corresponding one in EETA 79001 glass 
or the martian atmosphere it is clear that these meteorites do 
not contain unadulterated noble gases from the present-day 
martian atmosphere, fractionated or not. 

A more’ difficult question is whether the gases are a mixture 
of two or more components, with one component being the 
martian atmosphere. The plots of noble gas data in Fig. la, b 
have the property that any mixture between two gas components 
falls on the straight line connecting the pure endmembers. In 
the '?°Xe/'*?Ke versus *°Ar/'**Xe plot (Fig. La), Chassigny, 
Shergotty and EETA 79001 glass do form a linear array, with 
Shergotty being intermediate. Hence, its gases may be a mixture 
of Chassigny and EETA 79001 glass-type gases. The same con- 
clusion is reached from the '*?Xe/'?Xe versus **Kr/!**Xe plot 
(Fig. 1b), where again Shergotty plots on the line between 
Chassigny and EETA'79001 glass, and from the ratio of Ar 
to trapped *°Ar. In five separate analyses, this ratio in the gases 
released at 800°C, 1,200 °C and 1,600 °C was remarkably con- 
stant (2,265-2 580) and indistinguishable from that of ~2,500 
reported for EETA 79001 glass" or the 3,000 + 1,000 obtained 
during the Viking mission" 

Figure 1b also shows that Nakhla falls off and above the 
mixing line. If Nakhla is to contain a mixture of EETA 79001 
glass-type and Chassigny-type gases, a third component must 
be present. This may be pure radiogenic !*° “Xe from the decay 
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of now extinct '?°I, which decays with a mean lifetime of 25 Myr 
into '*°Xe. 

Such a decomposition of Nakhla gases into hypothetical 
components is not unique, the ambiguity being due, in part, to 
difficulties of accurately deriving the amount of *°Ar trapped in 
Nakhla. This is because the high cosmic-ray exposure age of 
10 Myr (refs. 15 and work in preparation) together with a high 
Ca content of ~11% (ref. 16) make cosmogenic *°Ar pre- 
dominant (Table 1). Hence, no additional information can be 
derived from the presence or absence of a correlation in the 
9X e/'??Ke versus *°Ar/'*?Xe plot of Fig. 1a. However, this 
should not detract from the fact that the noble gas pattern in 
Nakhla cannot be generated by any mixture of the gases from 
Chassigny and EETA 79001 glass. 

The deviation from the mixing line may be even larger than 
is apparent from Fig. 1b because the highest '*?Xe/'**Xe ratio 
of 1.79 is presumably closest to the true ratio in Nakhla, the 
lower ones possibly being caused by different admixtures of 
terrestrial atmospheric xenon with '??Xe/'?*Ke = 0.983. ‘The 
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alternative explanation would be that different 100-mg samples 
of the meteorite contain xenon of different '*?Xe/'*?Xe ratios. 
Although this is frequently encountered in primitive meteorites 
where iodine-rich phases still contain evidence of the former 
existence of '”’I, we find it hardly compatible with a magmatic 
history of the meteorite if this is to have lasted until, or have 
been resumed again shortly before, 1,300 Myr ago. 

The essential distinction between the noble gases in the two 
endmembers of the mixing line, Chassigny and EETA 79001 
glass, lies in different isotope abundance ratios. Such a difference 
exists not only for the relative abundance of '?’Xe but extends 
to the heaviest isotopes of xenon (Fig. 2). Here, again, the 
relative abundances are lower in Chassigny than in EETA 79001 
glass. Such variations are generally ascribed to the presence, in 
varying proportions, of xenon from the decay of 7*Pu or SU. 
The data shown in Fig. 2 indicate that, relative to EETA 79001 
glass, there is a deficit in Chassigny of both radiogenic '*’Xe 
and of fissiogenic xenon. 

The differences between the noble gas fingerprints of 


Table 1 Noble gases ın 100-700-mg meteorite samples after a preheat step of 30 min at 800°C (Chassigny 30 min at 1,200 °C) 


$ 


Extraction 
temperature 
(°C) 36AT pal 36 Ar, 36 Ar,/ 132y e 84K r/ B2 e 129Xe/ 132y e 
Shergotty Na 
KP 3 1,600 18.8 8.17 90 5.4 1.186 
+2.2 +2.15 +25 +0.9 +0.036 
SIII/IV 1,200 981 7.42 156 - 7.1 1.338 
+116 +1.18 +29 +1.1 +0.028 
1,600 8.18 2.09 312 11.9 1.499 
+0.96 +0.91 +143 +2.3 +0 112 
Nakhla 
P1 1,600 115 7.6 — 5.1 1.378 
+11 ~ +10.1 +1.1 +0114 
H1 1,600 128 7.7 — 3.1 1.793 
+13 +11.2 +0.5 +0.056 
P 2/3/4 1,600 107 7.3 — 5.7 1.557 
+11 +9.4 +0.9 +0.031 
Chassigny 
PB 4 1,600 12.4 2.11 9.2 1.1 1 029 
+1.8 +1.66 +7.3 +01 +0.019 
EETA 79001 Total = 172 700 24.6, 2.231 
glass +12 +70 +2.0 +0.037 
Mars atmosphere — — 410 280 8.8 2.5 
(range) (100-900) _ (2-35) (1.5-4.5) 


The full data and experimental details will be reported elsewhere. Gas concentrations are in units of 10°-'° cm? STP per gram except for the 


martian atmosphere where it is per cm? (equivalent to partial pressure, ın atmospheres, of *°Ar at the surface of Mars). Mars data are from refs 
11, 12, EETA 79001 from ref. 14. Ar,, trapped argon 
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Fig.2 Isotopic composition of xenon ın EETA 79001 glass'* and 
Chassigny, shown as deviation from the composition of terrestrial 
sere ait xenon. Normalization ıs to °°Xe. Low abundant '*Xe 
and '*°Xe are not shown because in Chassigny contributions from 
cosmogenic xenon are non-negligible. The other isotopes have 
been corrected on the basis of the '*°Xe abundance. Raw data in 
d-values are: 


124/126/128/129/130/131/132/134/136 
= (+230 + 152)/(+525+464)/(+93 + 44)/(—50+26)/ 
= 0/(-47 +25)/(-93 + 19)/(-136 + 55) /(—167 + 23) 


The composition of average carbonaceous chondnte (AVCC)- 
xenon (frequently encountered in primitive meteorites) is shown 
for comparison. 


Shergotty, Nakhla, Chassigny and EETA 79001 glass do not rule 
out a common parent body. This is evident from terrestrial rocks 
where similar variations of the elemental and isotope abundance 
ratios do occur (see ref. 17). It seems that on Earth, even after 
4,500 Myr of thermal activity, there are still reservoirs which 
have not exchanged or equilibrated their noble gases. This is 
a parently true not only for radiogenic species such as “He, 

Ar, and fissiogenic xenon which are still being generated, but 
also for radiogenic Xe which has been present for more than 
4,000 Myr. Note, however, that whenever variations in isotope 
abundance ratios are found for terrestrial samples, they are 
always in the sense that the rocks contain a higher proportion 
of radiogenic nuclides than does the atmosphere. This is expec- 
ted for any closed-system model of uniform degassing of a 
planet, be it early or late, catastrophic or continuous degassing. 
Hence, if the noble gases of the martian atmosphere are rep- 
resented by the gases in EETA 79001 glass (in particular if the 
isotopic composition of xenon in the martian atmosphere is like 
that in EETA 79001 glass) and if Shergotty, Nakhla and 
Chassigny are also to come from Mars, then the situation on 
Mars must be the opposite of that on Earth in that the atmos- 
phere would have to contain a higher proportion of radiogenic 
xenon isotopes than does solid Mars. By inference, the develop- 
ment of the martian atmosphere must have been quite different 
from that of the terrestrial atmosphere. 


Among the possible explanations we can envisage is, first, ' 


preferential release of radiogenic xenon into the martian atmos- 
phere. Stepwise heating of primitive meteorites shows that radio- 
genic '2°Xe and fissiogenic xenon are often less retentively sited 
than trapped xenon (see refs 18, 19). However, for the retentivity 
of the original sites of the xenon components to be relevant, 
the degassing must occur béfore the starting material is com- 
pletely melted. Thus, the source rocks of xenon in the martian 
atmosphere must either be a partial melt or, if they are or ever 
were completely molten, the degassing must have been much 
less effective from the melt than it was from the partial melt. 
Considering the large increase in diffusion length on going from 
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Fig.3 Ratio of trapped ™%Ar/ Xe versus **Kr/'**Xe on a log-log 
scale. Note that most meteorites, including the C3V meteorites, 
which have been suggested as veneer material supplying Mars with 
its volatiles??, scatter around a line which may pass through the 
solar point. SNC meteorites define a different linear array passing 
through the data points for the atmospheres of Mars'™!? and Earth. 


partial to total melt, this does not seem to be impossible par- 
ticularly since it is not known whether convection in the molten 
state on Mars is as effective as it seems to be on Earth. 

As to the time of the putative degassing, this must have 
happened until or after the decay of '”7I and until or after most 
oe a fissiogenic xenon had been produced. If the parent nuclide 

“Pu (half-life of 83 Myr) a few hundred million. years 
Saal suffice for most of it to decay, but if the source was 7BU, 
the degassing would have to have happened very late in the 
martian history. 

Second, one could envisage a late addition to Mars of a thin 
veneer of matter which brought in essentially all the noble gases 
which are in the atmosphere at present. This has already been 
proposed by Anders and Owen”’, who argue that, per unit mass 
of the planet, the martian atmosphere contains 100-1,000 times 
less primordial noble gases than is contained in meteorites which 
are presumably close analogues of the building blocks of Mars. 
An addition of 1% or so of such meteoritic matter, if completely 
degassed, would, therefore, suffice to account for the present 
martian atmosphere. (Incomplete degassing of this veneer with 
preferential release of Xe and fission xenon into the atmos- 
phere amounts to our first alternative.) A problem with this 
proposal is that only a sub-group of the carbonaceous chondrites 
(the C3Vs) may have a high enough '*°Xe/'**Xe ratio to qualify 
as veneer material—and then only with difficulties. To this we 
must now add the implication that, ın this model, the noble 
gases in martian rocks and in the martian atmosphere would be 


‘essentially unrelated and independent of one another. 


Figure 3 shows the elemental abundance ratios **Ar/'*Xe 
and **Kr/'*Xe for both the SNC materials and other meteorite 
groups for which reliable data exist (chondrites, ureilites, silicate 
inclusions in iron meteorites). In particular, note the positions 
in this plot of the C3V carbonaceous chondrites which, because 
of their high '??Xe/'*?Xe ratio”»**, are the strongest and almost 
only candidates for ‘martian atmosphere noble-gas carriers”°, 
Their position in Fig. 3 indicates that the fit is far from perfect. 
In fact, no known class of primitive meteorites seems to contain 
noble gases in the right proportions to qualify as an immediate 
source of the martian gases or those in SNC meteorites. Rather, 
there seems to be a dichotomy in the sense that chondrites and 
ureilites scatter around a straight line passing through the solar 
point while SNC meteorites, Mars and Earth form an indepen- 
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dent linear array with distinctly different slope and which 
definitely does not pass anywhere near the solar point. The 
generic relation between the noble gases in the atmospheres and 
rocks of evolved bodies suggests that the deviation from the 
solar pattern is a primary feature” related to either the building 
material or the accretion process. The similarity between the 
abundance patterns of Earth, Mars and SNC meteorites, in 
particular, makes it seem unlikely that adsorption of Xe on 
shales or ice should have played an essential part in converting 
the solar pattern into the planetary pattern on Earth”*, 

While not impossible, a common parent body for all SNC 
meteorites is not easily reconciled with the data. If Nakhla and 
Chassigny are to be derived from the same parent body as the 
shergottite EETA 79001 (for which the evidence for a martian 
origin is strongest), processes have to be invoked which appear 
to be contrived. The martian thermal history in general and the 
evolution of its atmosphere in particular would have to have 
been profoundly different from what is believed to have been 
that of Earth. 

We are greatly indebted to Drs Hutchison, Kurat and Pellas 
for making the meteorite specimens investigated available to us 
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Apparent icosahedral symmetry 
is due to directed 
multiple twinning of cubic crystals 


Linus Pauling 


Linus Pauling Institute of Science and Medicine, 
440 Page Mill Road, Palo Alto, California 94306, USA 


Recently the announcement was made of the remarkable discovery 
of intermetallic compounds with approximate composition MAI, 
(M=Cr, Mn, Fe) that formed crystals or pseudocrystals with 
icosahedral symmetry, as shown by the shape of the small nodules “ 
and by their electron diffraction patterns’. I have found it hard to 
believe that any single crystal with 5-fold axes could give reason- 
ably sharp diffraction patterns, resembling those given by crystals, 
and I have not been convinced to the contrary by the theoretical 
discussions of this possibility that have been published” ’. I there- 
fore set myself the task of predicting how a molten alloy of Mn 
(or Cr or Fe) and Al might react to sudden cooling. I have 
discovered that such an alloy on sudden cooling could form a 
metastable cubic crystal with a large cube edge, about 26.7 A, with 
the unit cube containing about 1,120 atoms (possibly a few more), 
and that these crystals would show ordered multiple growth such 
that 20 of them, roughly tetrahedral in shape, grow out from a 
central seed in such a way as to produce an aggregate with 
approximately icosahedral symmetry. 
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The task of predicting a reasonable structure for this alloy 
was carried out with no information about the powder X-ray 
diffraction pattern except that one group of investigators had 
said that it could not be indexed by any Bravais lattice. The 
prediction of the structure was made entirely on the basis of 
knowledge of the effective radii of metal atoms and the principles 
determining the structure of metals and intermetallic com- 
pounds. 

The transition metals form icosahedral complexes with Al; 
the crystal WAL, for example, is discussed in refs 8, 9. The 
effective radii® (for ligancy 12) of Mn and Al are 1.268 and 
1.429 A, respectively, with ratio 0.89, corresponding closely to 
the value 0.902 for a regular icosahedron. Two MAI,, icosahedra 
might condense, with elimination of Al atoms, by sharing a 
corner, an edge or a face. Two icosahedra sharing an edge could 
easily eliminate another Al atom to share a face. I accordingly 
assumed that each MAI,, icosahedron would share four faces 
with surrounding icosahedra, leading to the composition MA\.. 
The four M—M vectors from each icosahedron to its neighbours 
are directed towards the corners of a regular tetrahedron. 
Moreover, when two icosahedra share a face, they are related 


‘by a plane of symmetry (the plane of the shared face). The other 


` 


three faces of each icosahedron can be shared in ether the 
eclipsed conformation or with a twist of 40°. The eclipsed con- 
formation of tetrahedral bonds leads, with only slight deforma- 
tion (reduction of the angle from 109.47°, the tetrahedral value, 
to 108°, the value for a pentagon), to pentagonal rings and then, 
when continued, to pentagonal dodecahedra of 20 icosahedra. 

These structures are reminiscent of those of the rare-gas 
hydrates, which involve tetrahedrally hydrogen-bonded water 
molecules with the eclipsed relative orientation. The hydrate 
with a unit cube 12 A on edge, containing 46 HLO molecules, 
has 2 pentagonal dodecahedra and 6 tetrakaidecahedra in the 
unit'°, whereas the one with unit cube 17 A on edge, containing 
136 H2O molecules, has 16 pentagonal dodecahedra and 8 
hexakaidecahedra in the unit’. I selected the latter because of 
its larger number of dodecahedra. 

Replacement of each water molecule by an MnAl,, icosa- 
hedron with shared faces leads to an infinite framework with 
136 Mn and 816 Al atoms in the unit cube. This framework is 
similar to the framework of covalently bonded carbon atoms in 
a diamond crystal, with one body diagonal of each pentagonal 
dodecahedron in place of each C—C covalent bond. 

I was able to make a moderately reliable prediction of the 
edge of the unit cube for the proposed MAI, structure. I assumed 
the Al—Al] distance along the edges of the MA], icosahedron 
to be 2.864 A, as in metallic Al. The distance between centres 
of icosahedra sharing a face is then 4.329 A, 1.568 times the 
hydrogen-bond length in the 17-A hydrate, with a)=17.0 A. 
With this factor the predicted value of the cube edge a of the 
alloy is 26.7 A. 

I obtained from D. Shechtman a copy of an X-ray diffrac- 
tometric record, made with CuKa radiation in the US Bureau 
of Standards. This pattern shows 7 Si peaks (several with a,a, 
splitting), 6 Al peaks (somewhat broader, indicating small crys- 
tallite size) and 22 other, rather broad, peaks, corresponding to 
the compound MnA\,. I found that all 22 peaks could be indexed 
with a cubic unit of structure. Moreover, the indicated value of 
the edge of the cubic unit of structure, 26.73 A, turned out to 
be in good agreement with my predicted value, 26.7 A. All of 
the observed diffraction maxima are those expected for spheri- 
cally symmetrical groups about the diamond points 000, 444, 
and so on. 

The fact that the structure that I formulated for this alloy 
from chemical arguments with no knowledge about the X-ray 
diffraction diagram was found later to agree quantitatively with 
that diagram-has convinced me that the structure is correct. I 
emphasize that I formulated only one structure, and that the 
X-ray diagram was not involved in any way in its formulation. 
The probability of chance agreement of the lattice constant to 
0.1 A and of adherence to the selection rules for intensities is 
surely less than 1 in 1,000. 


cd 
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Table 1 Analysis of X-ray diffraction pattern of icosahedrally twinned 
cubic crystals of MnAl, 


f d a. 
hkl (A) (A) Intensity* —, 
444 3.850 26.68 7 
800 3.341 26.73 2 
733 3.299 27.00 1 
775 2.405 26.67 al 
973,1133 2.269 26.75 3 
777, 1151 2.209 26.78 4 
i222 2.168 26.73 100 
1240 2.116 26.77 3 
1082 2.060 26.70 1507 
1511 1 7728 26.71 0.5 
1460 1.7554 26.74 1l 
12124 1.5314 26.70 0.2 
1680 1.4946 26.74 7 
1684 1.4604. 26.77 2 
2040 1.3075 26.67 1 
15119 1.2930 26.72 1 
2062 1.2765 26.78 21 
2440 1.0994 26.75 6 
2444 1.0856 26.77 5 
20 12 12 1.0208 26.78 Í 
23117,2573 1.0108 26 72 1 
2488 1.0077 26.74 1 
Average 26.73 


* All intensity values from 5 to 150 are those assigned by Shechtman 
and Blech?. For most peaks the values of d are calculated, from the 
values of 20 printed on the diffractometer record. The exceptions are 
the weak reflections 4, 10, 11, 12 and 16. 

t This very strong peak is about twice as broad as the peak with 
d =2,168 Å. Its probably broadened by unresolved adjacent reflections 
991 and 993 


\ 


The approximate intensity rules are given by the assumption 
of spherically symmetrical aggregates of atoms about the posi- 
tions of the carbon atoms in diamond. They are that the reflec- 
tions with h, k and / all even and their sum divisible by 4 should 
be the strongest, those with h; k and I all odd should be next, 
and those with h, k and I all even with sum not divisible 
by 4 the weakest. Table 1 verifies this prediction; the seven 
strongest reflections are of the first type, and none of the third 
type appears. 

The absence or very low intensity of 111, 311, 331, 333 and 
511 indicates that clusters of atoms, perhaps 13-20, occupy the 
centres of the hexakaidecahedra, around $33 and so on. There 
are also smaller clusters, probably of four atoms,.inside the 
pentagonal dodecahedra, increasing the number of atoms in the 
25.73-A cube to between 1,120 and 1,176. The composition of 
the alloys may be changed from MAI, by these additional atoms. 

An X-ray powder photograph taken with a focusing camera 
and X rays monochromatized by crystal reflection would prob- 
ably show more than 100 powder lines, providing a more 
rigorous text of the proposed structure. Accurate values of 
predicted intensities of the lines will become available only after 
coordinates have been assigned to all of the atoms, a formidable 
task with such a complicated structure. This task is now bein 
attempted (S. Samson, personal communication). 

A further complication is that an icosahedron sharing four 
faces loses its symmetry operations of the second sort and 
becomes chiral, D or L. The eclipsed configuration described 
above requires that D and L alternate. Hence, in a ring of five 
icosahedra one DD or LL bond must occur, with a strain in the 
ring of 40°, which is a rotation of 4° per shared face in each 


icosahedron. The space-group symmetry is thus changed from - 


that of diamond to a subgroup. : 

Although I knew about the work of Samson in determining 
the structures of NaCd,, Cu,Cd, and B-Mg.,Als, I did not 
recognize until after my MAI, structure had been formulated 
that they have essentially the same structure. The delay resulted 
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in part from the fact that in his descriptions of the structures 
Samson emphasized the Friauf polyhedra (ligancy 16 of the 
central large atom) rather than the icosahedra!*"'*. I made an 
X-ray diffraction study of NaCd, in 1922 (ref. 16), but the 
structure was so complicated that I could not determine it then 
or during the next four decades, after which Samson was success- 
ful'®. The edge of the unit cube is 30.56 A, with between 1,120 
and 1,190 atoms, not all of which were located by Samson. The 
structure contains 568 icosahedra, 124 Friauf polyhedra and 
428-495 unidentified or others'*'*. A complete structure deter- 
mination was made by Samson for Cu,Cd,: edge of unit cube 
25.87 A, 1,124 atoms, 568 icosahedra, 124 Friauf polyhedra", 
and a partial determination for B-Mg,Al,, edge of unit cube 
28.24 A, 1,192 atoms, 624-672 icosahedra**. The lattice constants 
differ from the value for MnAl, by amounts determined by the 
relative sizes of the atoms. 

_ The first complex intermetallic compound found to have large 
clusters of atoms with local icosahedral symmetry was Mg3>Al4o, 
which has 162 atoms in a body-centred cubic unit’’. The unit 
cube contains 98 icosahedra, 20 Friauf polyhedra and 44 others. 

This compound gives an indication of the extent to which 
structures with local icosahedral symmetry can develop. It con- 
tains icosahedral groups of 117 atoms, a central atom with 
surrounding shells of 12, 32 and 72 atoms, the last being shared 
with surrounding groups (ref. 8, p. 428). The developing strain 
restricts the icosahedral complex to three shells of atoms around 
the central one. The hypothesis that I propose for the growth 
of a 20-fold twin of the MnAf alloy is that the seed is a pentagonal 
dodecahedron. It is surrounded by a shell of 12 dodecahedra, 
sharing faces, then by 32 (12 sharing faces with the inner 12, 
20 sharing corners and with a body diagonal directed radially), 
and then by 72 (12 sharing faces with the next inner 12, 60 
combining tetrahedrally with the next inner 20). At this point, 
the strain of attempting to fill space with pentagonal 
dodecahedra becomes great enough to disrupt the 12 outer 
dodecahedra, introducing additional atoms. The 20 tetrahedral 
groups of 4 dodecahedra continue to add dodecahedra in the 
way found in the 17-A hydrate, and the twin of 20 pyramid- 
shaped cubic crystals with cube edge 26.73 A develops. 

The individual cubic crystals sometimes grow at equal rates, 
filling the spaces between them. Each assumes the shape of a 
trigonal pyramid, with the outer edges 5% longer than the radial 
edges The multiple twin then has the macroscopic appearance 
of an icosahedron. 

This postulated mechanism fixes the orientation of the 20 
cubic crystals. Each crystal has a body diagonal extending out 
from a 3-fold axis of the seed dodecahedron and the other 3-fold 
axes lie in the planes of symmetry of the seed dodecahedron. 
A diffraction photograph of the twin would be the superposition 
of the diffraction photographs of the individual crystals that 
intercept the beam. I have not been able to make a thorough 
analysis of the published electron diffraction patterns because 
of lack of information about the conditions in which they were 
made, but my partial analysis indicates that the patterns are 
compatible with the proposed structure. The proposed structure 
also accounts for the dimensions of the pentagonal rings 
observed in electron micrographs of the alloys. 

I conclude that this successful analysis of the diffraction 
pattern settles the question of the nature of the ‘icosahedral’ 
MAI, alloys. They are multiple twins of a cubic crystal. The 
validity of this conclusion is strengthened by the fact that the 
value of the cube edge given by the diffraction pattern is almost 
exactly equal to that which I predicted, without any knowledge 
of this pattern, on the basis of purely chemical arguments. 
Crystallographers can now cease to worry that the validity of 
one ofthe accepted bases of their science has been questioned. 

I thank Dr D. Schechtman for cooperation in providing me 
with the X-ray diffraction pattern and for other information, 
and Professor Barclay Kamb for pointing out to me that an 
icosahedron becomes chiral when it shares its faces. This investi- 
gation was supported in part by a grant from the Japan 
Shipbuilding Industry Foundation. 
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Momentum flux in breaking waves 


W. K. Melville & Ronald J. Rapp 


Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139, USA 


Wave breaking is believed to be important in air—sea interaction. 
Laboratory measurements! suggest that the’ momentum flux from 
the atmosphere to the ocean may be significantly enhanced by 
breaking and recent field measurements*~* have demonstrated the 
important role of breaking in bubble generation and gas transfer. 
It has long been speculated that the loss of momentum flux from 
the wave field due to breaking could act as a source of momentum 
for current generation? and Mitsuyasu® has drawn attention to the 
large discrepancy between the momentum flux from the wind and 
that carried by the waves, suggesting that the loss may be due to 
wave breaking. Here we present what we believe are the first 
well-controlled laboratory measurements of the momentum flux 
lost by wave breaking. These measurements are consistent with 
Mitsuyasu’s hypothesis and recent measurements of wave growth, 
and support the conclusion that wave breaking plays an important 
role in momentum transfer across the air-sea interface. | 

Wave breaking may result from intrinsic instabilities of uni- 
form surface waves’*, wave-current interaction’, and the super- 
position and nonlinear interaction of spectra] components of a 
random wave field. The breaking and white-capping associated 
with the modulation of the waves near the peak of the spec- 
trum’, (that is, with the tendency of the waves to occur in 
groups) is likely to be due to the latter mechanism. We simulated 
this condition in a wave channel”!! in which single isolated 
packets of waves were generated by superposition of Fourier 
components of equal amplitude ap at the wavemaker in a radian 
frequency band (fo+A/f/2). The ‘initial phase for each com- 
ponent was chosen to give constructive interference of linear 
surface waves at a point x, down the channel. This gives a 
nominal dimensionless duration of the packet at breaking of 
2fo/Af wave periods. Dimensional reasoning then implies that 
the dimensionless wave amplitude a/ ap and other variables will 
be functions of (xko, th) with parametric dependence on (aoko, 
Af/fo, Xoko) where x is the distance down the channel, t is time 
and k, = f#/g, the linear dispersion relationship for deep-water 
waves. 

The parameters aoko, Af/fo, Xoko, which are dimensionless 
measures of amplitude, bandwidth and phase, were varied in 
the ranges 0.1-0.5, 0.4-1.4 and 27.4-66.0, respectively. The water 
depth was 60 cm and f was in the range 5.5-8.1 rad-s_*: 

Figure 1 shows an example of the evolution of a wave packet 
at various stations down the channel. The incidence of breaking 
depends on the parameters above, most notably ap. Figure 2 
shows examples of single spilling and plunging events at specific 
values of doko. At other values of aoko, multiple breaking waves 
were observed, and this led to consideration of losses due to 
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Fig.1 Time series of surface displacement at stations down the 

wave channel for a spilling breaker: fy = 6.79 s~ Af/fo=0 73, 

Xoko = 27.4, agky=0.30 The time is normalized by fọ and the 

amplitude by kọ Breaking occurs at xky=28, where xko is the 
normalized distance from the paddle. 


‘breaking’ of the packet rather than single breaking waves 
Indeed, multiple breaking events are observed ın the field’. Ir 
these experiments the breaking process (whether single or multi- 
ple) was ‘taken to be a ‘black box’ and the loss of excess 
momentum flux was evaluated by measuring the flux upstream 
and downstream of the breaking region. 

For weakly nonlinear, slowly varying two-dimensional deep- 
water waves the excess momentum flux is proportional to a° 
(ref. 12). Thus we integrated a? during passage of the packet at 
various stations down the channel. Examples of this measure 
of integrated momentum flux, S, with distance down the channel 
are shown in Fig. 3 for incipient breaking, spilling and plunging 
events. The loss of momentum flux, AS, due to breaking is 
determined by taking the difference between the incipient break- 
ing and breaking measurements downstream. The breaking 
region is clearly shown in this figure by a rapid decrease in 
S/ So, the dimensionless excess momentum flux. The decline in 
S/So prior to breaking is, we believe, due to the increasing 
influence of nonlinearity and strong modulation of the wave 
variables as the breakpoint is approached. Our use of the down- 
stream differences, where S/S, is essentially constant, avoids 
its explicit consideration. We believe the oscillations in the 
breaking region are caused by rapid modulations of the wave 
variables which, as a consequence of dispersion, do not occur 
far upstream and downstream of this region. They are not 
accounted for in our approximation of the momentum flux, anc 
are not relevant for our present purposes. 

Results like those of Fig. 3 were collected for a range o 
parameters and used to determine the excess momentum flu) 
loss due to breaking, AS/S,, as a function of doko, Af/fo, Xoko 
An example is shown in Fig. 4 for fixed xgky for differen 
amplitudes and bandwidths. This figure is typical of the dats 
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Fig.2 Examples of single breaking waves for 

fo= 5.53s", Af/ fo =0.73, xoko =27.4. a, Spill- 

ing, aoko = 0.28. b, Plunging, apko = 0.35. The 

marks are spaced at 10-cm intervals, and the 

upper boundary of the horizontal bar is at the 
still-water level. 


Fig.3 Variance of the free surface displacement normalized by 
its upstream reference value at stations down the channel: f= 
6.79s ', Af/fo = 0.73, Xoko =27.4. The amplitude parameter aoko 
is: 0.26, incipient breaking, +; 0.30, single spill, A; 0.39, single 
plunger, C. The normalized variance is approximately proportional 
to the excess momentum carried by the wave field past the measur- 
ing station, upstream and downstream of the breaking region. The 
actual breaking locations are marked by S (spilling) and P (plung- 
ing). The run denoted by A is that shown in Fig. 1. The scatter in 
repeated measurements was within the size of the symbols. 
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Table 1 Estimates of AS/S, the fractional increase of wave momentum 
flux due to wind forcing between breaking events 





Uio Uy T c 
(ms') (ms) (s) (ms"') u,/e R/A AS/S 
6 0.21 2.6 4.1 0.05 20 0.04 
12 0.48 3.1 4.8 0.10 13 0.09 


Oe eee See SY Se ee 
Values determined according to equation (3) and data of refs 3 and 
14. Variables are defined in the text. 


collected and shows that the losses increase rapidly with increas- 
ing amplitude: 10% or more of the momentum flux carried by 
the packet may be lost through one breaking wave, and up to 
20-30% from one multiple breaking event. The experiments 
show that the fractional loss of excess momentum from one 
wave packet due to one breaking event is in the range 


AS 

— =0(10°?—10"') (1) 
So 

From wave growth measurements in deep water, Mitsuyasu® 
found that the divergence of the wave momentum flux inferred 
from direct measurements of wave growth in the laboratory is 


given by 
ds u? | S 
—=0.68| — | — 2 
dx sl |; (2) 


where u, is the friction velocity of the wind, c the phase speed 
of the waves, A is wavelength and 0.1<u,/c=<1.0. The 
coefficient 0.68 is within the range (0.5+0.25) inferred by 
Plant's” extensive review of laboratory and field data. Mitsuyasu 
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went on to show that dS/dx derived from the fetch relation for 
wind waves is an order of magnitude less than that given by 
equation (2), and suggested that a large fraction of this equation 
must then be balanced by wave breaking. 

Now if AS/S« 1, we may approximate equation (2) by its 
difference form 


AS u? | Ax 
sce pate. A erates 
5 oss| a À (3) 


If AS/S over the distance between breaking events is compar- 
able in magnitude to the fractional loss due to a breaking event, 
then we may state that the momentum lost due to breaking is 
comparable to that gained from the wind. As far as we are 
aware, the only measurements of the distance between breaking 
events (in the direction of the wind) are those of Thorpe and 
Humphries? who plotted A/X, the ratio of wavelength to mean 
distance between breaking waves, or the number of breaking 
waves per wave, versus the windspeed Uj, for 5< U< 
15 ms~'. In this speed range, they found that 0.02 < à /ž < 0.19. 
Unfortunately, they only gave the phase speed c at two values 
of Uj» and no explicit information on u,. We may proceed to 


"j -= da 
ur G ——, Cs 










>o Figa Excess momentum lost from the wave field due to breaking 

vas a function. of the amplitude parameter, doka, for Af/f, = 0.4), 

GHAL 0.73(+), LOX), LAO); ,=6.798', Xoko = 27.4. The 

arrows show the amplitudes for incipient breaking (1), single spill 
(S) and single plunger (P) for Af/ fy = 0.73. 



















































use their data for these two points by making one assumption: 
_ that the atmospheric conditions were near neutral. We may then 
use Wu’s’* correlation of drag coefficients to estimate u, from 
Uio This we have done, and the results show that according to 
equation (3), AS/S between breaking events is in the range 
_ 0.04-0.09 for windspeeds in the range 6-12 ms~' (Table 1). 

Thorpe and Humphries’ data further imply that X, their mean 
_ distance between breaking events, is comparable to the group 
length (see Fig. 3d of ref. 3). 

= Our laboratory measurements (Fig. 4) show that AS/S is 
-approximately 0.1 for a single spilling break, where S here refers 
to the excess momentum flux carried by one group. The impor- 
“tant feature of Fig. 4 is the rapid initial increase in AS/S with 
_ ak once the breaking threshold is passed. This implies that even 
= the gentle breaking events contribute significant fractional losses 
“inthe momentum flux, comparable to those for a single spilling 
break. 

— We conclude that the excess momentum flux lost due to wave 
breaking may be comparable to that transferred from the wind. 
Further, our measurements imply that in future quantitive 
studies of wave breaking, it may be most fruitful to consider 
the dynamics of the breaking wave group rather than considering 
single breaking waves. 

We thank Mr Eng-Soon Chan for collaboration on pre- 
liminary measurements and Dr Martin Greenhow for advice on 
generation of breaking waves. This work is supported by 
SF grants Oc E-8214746 and MEA-8210169. 
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Although several magnetic separation methods have been used to 
provide some initial subdivision and characterization of the par- 
ticulate emission products of fossil-fuel combustion’, only 
recently has there been any attempt to use magnetic properties to 
distinguish between different emission types”’ and atmospheric 
particulate sources”. In the present study, we use several concentra- 
tion-independent magnetic parameters and ratios to characterize 
dusts from different source types. Non-destructive measurements 
of saturation isothermal remanence, anhysteretic remanence and 
frequency-dependent susceptibility differentiate atmospheric dusts 
into groups characterized by distinctive magnetic mineral and grain 
size assemblages. These assemblages can be related to the source 
of the dusts as they reflect differences in the conditions under | 
which the magnetic oxides developed. The magnetic parameters — 
are sensitive to differences between dusts arising from fossil-fuel 
combustion and from other industrial processes, and those derived 
from soil erosion. Within the set of soil-derived dusts, the magnetic 
parameters distinguish between the weathering regimes operating 

in different source areas. 

Chester et al? were able to distinguish between and Skaractor 
ize dust source types in the Mediterranean region by plotting 
aluminium concentration against the magnetic susceptibil- 
ity/aluminium concentration quotient. Soil-derived dusts of 
North African origin fell at one extreme, with high aluminium 
concentrations and a low quotient, whereas urban/industrial 
dusts rich in magnetic spherules™*? fell at the opposite extreme. 
On a local scale, Hunt ef al.’, using magnetic parameters alone, 
were able to distinguish between fly ash originating from power | 
stations and the particulates in automobile emissions. They were > 
able to show consistent differences related to the coercivity of s 
saturation isothermal remanence (see Fig. 1 legend). Such parta- _ 
meters, together with a range of interparametric ratios, have — 
been used successfully to identify shifts in sediment source types 
in rivers'*!?, lakes'* and a range of near-shore marine environ- - 
ments!*!”, they are independent of concentration and can | 
usually be measured rapidly and non-destructively on samples — 
of 0.05 g or less. oe 

Table 1 summarizes some of the measurements obtained for: - 
samples collected between October 1966 and July 1969 from the 
eastern tip of Barbados (13°10' N, 59°30’ W) by means of 1 mx 
0.5 m nylon mesh panels mounted ona 14-m-high platform and 
arranged so as to face the prevailing wind at all times®", © 
Delaney et al.'* regard the sampling efficiency of the method as — 
being low for particles <1 pm in diameter. Out of a total of 20- 
samples received for magnetic measurement, four “‘between- 
season’ samples from October and November were omitted. Th 
rest were identified as either red-brown, Sahara- and Sah 
derived ‘summer’ dusts, or grey, more locally derived, ‘Sout 
American ‘winter and spring’ dusts'?*°. The two populations — 
are clearly distinguished on the basis of the parameters tabu- 
lated. For the Mann-Whitney U statistic, they show a significant... 
difference at the P =0.05 rejection level. The high coercivities = 
of remanence (Ber), ‘harder’ isothermal remanent magnetiz- 
ation (IRM)/saturation IRM (SIRM) quotients and higher 
SIRM/ x (low-field susceptibility) values for the Saharan set are - 
consistent with a high haematite contribution typical of surface < 
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Fig. 1 SIRM/ARM versus y;4 % for various dust sets from Bar- 
bados, North Atlantic and the inland sea of Japan. Resuspended 
particle-sized fly ash (MH) is included for comparison. A, Inland 
‘Sea of Japan dusts (SIRM> 50x 10° Am? kg™'); O, North Sea 
and North Atlantic dusts (SIRM>50x107° Am?kg™, that is, 
most ‘polluted’); ©, North Atlantic dusts (SIRM =21 x 107? Am? 
kg~'); @, North Atlantic dusts (SIRM=5-10 10-7 A m? kg™}, 
that is, least ‘polluted’); ©, Barbados ‘summer’ dusts (SIRM = 
4-8x 107° A mê ke"); @, Barbados ‘winter’ dusts (SIRM = 4-8 x 
107? A m? kg™'). 

Methods. Saturation isothermal remanent magnetization (SIRM) 
was grown in the present samples by means of a Molspin pulse 
magnetizer generating a maximum d.c. field of 0.82 T. Reverse-field 
ratios (IRM_29 mr/SIRM, ete.—see Table 1) and the coercivity of 
SIRM (Bor) were determined by placing previously ‘saturated’ 
and measured samples in a succession of increasing reverse fields 
generated by a less powerful but more precisely adjustable pulse 
magnetizer. More strongly positive reverse-field ratios and higher 
Ber values indicate that the initial forward remanence is more 
difficult to reverse. Failure of the isothermal remanence to reverse 
saturate in fields in excess of 200 mT points to a significant anti- 
ferrimagnetic (haematite) contribution to the initial forward 
remanence. Anhysteretic remanent magnetization (ARM) was 
grown by subjecting the sample to a d.c. field of 0.05 mT superim- 
posed on an ac. field smoothly declining from a peak of 100 mT 
generated in an a.c. demagnetizing unit. Stable single-domain 
ferrimagnetic grains are characterized by relatively high ARM 
values***. All remanences were measured using a portable Min- 
spin fluxgate magnetometer with a noise level of ~1 x 107° A m”. 
Low-field susceptibility (y) was measured using the low-frequency 
(0.5 kHz) circuit of a Bartington susceptibility meter with a noise 
level of ~1x 107° SI units. y is usually considered to be propor- 
tional to the concentration of ferrimagnetic minerals in a sample, 
although ın soil-derived material especially, it is also often influen- 
ced by the presence of paramagnetic forms of iron. Frequency- 
dependent susceptibility (xq) was measured using a Bartington 
dual-frequency sensor. x;4 is the difference between the low- 
frequency (0.5) and high-frequency (5kHz) measurements, 
expressed as a percentage of the low-frequency measurements. In 
the case of the present samples, the denominator (y) must be 
adjusted for diamagnetic effects from the sample holder and pack- 
ing. The frequency-dependent component of total low-field sus- 
ceptibility reflects the presence of ferrimagnetic grains with a 
diameter just below the lower limit for stable single-domain grains 

(~0.03 pm)**. 


materials in arid and semi-arid regions”. In the magnetically 
‘hardest’ samples, up to 30% of the original SIRM remains 
unsaturated in a reverse field of 400 mT. The grey dusts have, 
on average, a higher frequency-dependent component (7;4%) 
in their total low-field susceptibility (Fig. 1) and are almost 
entirely reverse-saturated at fields <400 mT. All the values are 
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consistent with a derivation largely from fine secondary fer- 
rimagnetic grains at the surface of magnetically ‘enhanced’, 
possibly burnt?** soils (see below). 

Figure 1 plots SIRM/anhysteretic remanent magnetization 
(ARM) versus frequency-dependent susceptibility as a percen- 
tage of total low-field susceptibility (y;4%) for a larger sample 
set including not only the Barbados ones but also several samples 
from North Sea and North Atlantic cruises as well as two 
samples from the inland sea of Japan. The Barbados dusts are 
grouped into seasonal sets as in Table 1. The cruise samples 
were collected on Terylene meshes mounted onboard research 
vessels during 1980 and 1981. Each sample reflects a collection 
period of several days, using two 1-m* meshes mounted 4m 
above the prow of the vessel. Chester et al.” describe the method 
fully and suggest that the particles retained are predominantly 
greater than 5 wm. 

The samples from the Atlantic can be placed in three well- 
defined groups according to their SIRM values. The gradient 
from highest to lowest SIRM reflects the declining relative 
importance of anthropogenic sources? within the samples, which 
span a large area from the coasts of Britain to low latitudes 
comparable to those of Barbados. The most heavily polluted 
samples from the North Sea and Bay of Biscay are largely of 


Table 1 Selected magnetic parameters for the Barbados dusts 


SIRM/x (kAm™') IRMiR/SIRM IRMyp/SIRM Bcr (mT) 


Grey dusts 8.0 + 0.23 0.24+ 0.06 —1.44+0 09 3541.7 
(December 
April) 

Red-brown 
dusts (May- 
September) 


(Values are mean + 1 s.d.) 


9.25 +0 63 0450.11 -1.22 +0 13 42441 


IRM 20 mr IRM_ao mT 


IRM; 2/SIRM = 
SIRM SIRM 
IRMyp/SIRM = IRM-i00 mr_, IRM-200 mT 
SIRM SIRM 


The parameters shown are all independent of concentration The IRM/SIRM 
ratios have been chosen to summarize the demagnetization characteristics of the 
samples in relatively low (LR) and high (HR) reverse fields (see Fig 1 legend). 
The red-brown dusts have a higher SIRM/y quotient and a significantly ‘harder’ 
isothermal remanence 


north-west European origin; they have maximum SIRM values 
and also have the highest SIRM/ARM ratio and the lowest 
Xa% values. The least heavily polluted samples, with minimum 
SIRM, have the lowest SIRM/ARM ratios and consistently 
higher xyr% values. 

The ratios in the ‘dirty’ set come close to the range of values 
for power station fly ash, whereas those for the ‘cleanest’ set 
overlap with the Barbados summer dusts. The latter were low- 
latitude north-east trade wind dusts of probable North African 
ongin.”® The ratios for the inland sea of Japan samples lie within 
the ‘fly ash’ range, and scanning electron microscope 
examination of magnetic extracts from these samples confirms 
that they are rich in spherules (A.H., unpublished data). The 
basis for the magnetic differentiation shown in Fig. 1 is variation 
in magnetic grain (that is, crystal) not particle, size. Banerjee 
et al?’ and King et al”? have shown that ARM values are 
relatively high in grain size assemblages rich in true stable 
single-domain crystals (~0.05 um diameter). King et al?’ ascribe 
high ARM values to surface soil-derived material in which the 
stable single-domain crystals are characteristic of the secondary 
ferrimagnetic oxides resulting from magnetic enhancement’’; 
this is consistent with a wide range of evidence now available?!*°. 
Relatively low ARM values and high SIRM/ARM ratios are 
common to all the anthropogenic particulates studied so far 
(A.H., unpublished data). The ordinate of Fig. 1 thus portrays 
changes in SIRM/ARM expressing the control over magnetic 
grain size assemblage exercised by the shift in source type 
between predominantly fossil-fuel combustion-derived and soil 
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erosion-derived particulates. Variations along the abscissa are 
also related to grain size as the frequency-dependent component 
of total magnetic susceptibility is related to the presence of 
ferrimagnetic crystals at the stable single-domain, superpara- 
magnetic boundary (~0.03 pm diameter)*!. 

These results, together with those published previously’*, 
suggest that magnetic parameters can be of considerable value 
in characterizing atmospheric dusts and aerosols derived from 
different sources, whether the differentiation results from sea- 
sonal variations at a single collection site or large-scale spatial 
variations Statistical treatment using discrimination analysis 
applied to a wider range of measurements on a larger dust set, 
confirms the classificatory value of magnetic measurements”. 
Comparable results from Pacific Island dust sets (A.H., unpub- 
lished data), mesh samples obtained from most of the world’s 
oceans’ and from growing peat bogs, which retain a record of 
the history of particulate deposition’? suggest that the present 
approach to characterizing variations in atmospheric particulate 
types will be applicable to a wide range of temporal and spatial 
scales. 
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Helium isotope ratios in the Earth’s materials provide useful 
information about their mechanism of formation. Although more 
than 1,000 measurements have been reported, most are for land 
areas, and little is known about helium ratios on the ocean floor. 
Here we present new He isotope data for ten marine fer- 
romanganese nodules, together with isotope compositions for Ar 
and chemical compositions. The observed *He/*He ratios are 
extraordinarily high, with values up to 59.3 x 107°. Considering 
that the direct supply of materials from the deep mantle is an 
insignificant factor in the area studied, the negligible contribution 
of radiogenic *He, and the improbability of artificial nuclear 
fallout debris, the most likely explanation appears to be con- 
glomeration of extraterrestrial matter. Abundances of radiogenic 
40 Ar are related to the genetic environments of nodules (that is, 
diagenetic or hydrogenetic) as characterized by their chemical 
compositions. 
Based on their physical and chemical signatures, marine fer- 
romanganese nodules are generally considered to be generated 
in two major environments’ diagenetic and hydrogenetic. The 
diagenetic type ıs characterized by a high Mn-to-Fe ratio 
(Mn/Fe = 2.5), enrichment of trace elements such as Co, Ni 
and Cu, rough surface structure and the presence of 10-A 
manganite in X-ray diffraction patterns. Nodules of this type 
are mainly attributed to upward diffusion of Mn from diagenetic 
pore water in sediments and to precipitation in an oxidized 
surface zone. The hydrogenetic type is characterized by a low 
Mn-to-Fe ratio (Mn/Fe = 2.5), relative depletion of trace ele- 
ments, smooth surface structure and the presence of 6-MnQ3. 
Nodules of this type grow by very slow accumulation of inor- 
ganic colloidal particles of hydrated metal oxides from near- 


Ogasawara 
Nos 6-10 
(1 5-59 3) 


` 


Marana 
Nos 1-5 
(4 3-22 5) 





140° 150° 


Fig. 1 Sampling sites of marine ferromanganese nodules Figures 
in parentheses indicate *He/*He ratios in units of 107° 


bottom seawater’ °. Contribution from submarine volcanoes has 
also been suggested for this type‘ ° 

Isotope compositions of noble gases, particularly “He/*He 
ratios, provide constraints on the genetic sources for Earth’s 
materials”® It has been confirmed that pore water in deep sea 
sediments contains radiogenic He (refs 7-9); nevertheless sub- 
marine volcanoes discharge mantle-dertved He (ref. 10). If 
nodules are diagenetic, the contribution of the radiogenic He 
from pore water will be higher If they are hydrogenetic, the 
atmospheric and/or mantle-derived He will be enhanced. Thus, 
the *He/*He ratios of marine ferromanganese nodules may shed 
light on their genetic relation. 

We have measured element and isotope compositions of He 
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38442 
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313+6 
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Table 1 Element and isotope compositions of light noble gas in marine ferramanganese nodules 
No Code Location Depth “He °Ne 3 Ar 
(°N°E) (m) (mm? STPg ') (mm? STP g™') (mm? STP g 5) 

Mariana Trough 

1 KH-84-1-16-001 20 14 143 53 3,400-3,580 13x107 13x10? 22x107? 

2 KH-84-1-19-A 20 13 144 04 2,730-2,960 13x107 82x107? 22x107? 

3 KH-84-1-19-B 20 14 144 05 94x107? <3x 107°? 5.0x 107? 

4 KH-84-1-19-C 20 14 143 05 eF a 40x107° 

5 KH-84-1-25 20 19 143 43 2,810-2,910 49x107° 38x10? 43x107° 
Ogasawara region 

6 KH-84-1-2-124 26 16 142 58 1,430-1,570 2.6x1078 <1x107% 7.0x107° 

7 KH-84-1-3-606 26 04 144 19 1,050-1,290 98x10 25x107 29x10? 

8 KH-84-1-3-607 26 04 144 19 58x10 40x10? -12x10 

9 KH-84-1-5-33 26 13 144 05 2,300-2,430 12x107 <1 x10? 2.7x 1078 
10 KH-84-1-27-017 26 12 144 11 840-890 121078 <1x107?° 1.7 x107? 


6.045 0 


432+ 1 


\ 


0 1864 0 001 
0 187+ 0 002 
0189+0 001 
0 188 +0 002 
0 188+:0 001 


0 184+ 0 003 
0 185+ 0.001 
0 188+ 0.001 
0 188+0.001 
0.185 +0 002 


(mm? ST 


40 Ar 
7: 


12x107° 
12x10°° 
1.0x 107° 
15x107° 
12x10 


1.1x107° 
26x107 


4.7x107" 
23x107 


519 


ad 
Pg’) 


t 
Error assigned to the isotope ratios is Í s d 


and Ar gases in 10 nodules dredged from Mariana Trough 
(opening back-are basin) and the Ogasawara region on the 
Hakuho Maru Cruise (KH-84-1''; Fig. 1). After being washed 
with distilled water, samples were dried and preheated in vacuo 
at 150°C in a gas extraction system for two days to reduce 
surface air contamination. Each sample was placed in a double- 
walled tantalum crucible with a surrounding tantalum heater 
and extracted gases at 1,700°C (refs 12, 13). Gas purification 
was carried out by the two-stage Ti/Zr getter. The He-Ne and 
Ar fractions were separated by use of charcoal traps held at 
~196°C. The noble gas isotopes were analysed by a single 
focusing mass spectrometer (6-60-SGA, Nuclide Co.). A resolv- 
ing power of ~600 at 1% peak height was attained to separate 
*He from H,+HD (ref. 14). The measured *He/*He ratios were 
calibrated against the ratio of air standard. Element abundances 
of Ne and Ar and isotope compositions of Ar were also deter- 
mined under the same conditions. Possible interference of 
hydrocarbon with *°Ar and *8Ar measurements was eliminated 
by the high resolving power. The measuring system, including 
the gas extraction and purification line and the mass spec- 
trometer, has not yet been used in the analysis of extraterrestrial 
materials to eliminate the risk of ‘memory’ effect. Observed 
noble gas data are listed in Table 1. All tabulated numbers are 
blank-corrected. 

The *He/*He ratios of nodules vary significantly from 1.5 x 
1076 to 59.2x10°®. Every sample has a higher *He/*He ratio 
than the atmospheric level. The highest value, 59.3 x10~° 
(sample 7), is extraordinarily high when compared with terres- 
trial materials and is almost equivalent to deep mantle com- 
ponents from the Hawaiian hot spot region (plume-type He)". 
There is no evidence of direct supply of deep mantle material 
in the Ogasawara region where the nodule was recovered. Radio- 
genic °He, produced by nuclear reactions’® (°Li(n, @)T(8)*He) 
cannot account for such a high *He/*He ratio because of the 
dilution of radiogenic “He by a decay of U and Th. Fallout 
from nuclear explosions may also be excluded as nodules gen- 
erally grow at an extremely low rate on the deep sea floor. 
Furthermore, the surface of the samples was carefully removed 
before noble gas analysis. The only terrestrial materials known 
to have such a high *He/*He ratio as we observed’ is diamond. 
This suggests an extraterrestrial origin of He. 

The second highest ratio, 22.5 x 10° (sample 5), is apparently 
higher than that of basalt glasses dredged from the same region, 
Mariana Trough’, with a value of 11.6x10~°. There is no 
evidence of discharge of plume-type He in the trough or of other 
processes that increase the *He/*He ratio sufficiently (see 
above), pointing to an extraterrestrial origin for nodules from 
both Mariana Trough and the Ogasawara region. The nodules 
with relatively lower *He/*He ratios may have arisen by either 
heterogeneous conglomeration of extraterrestrial materials or 
dilution of in situ radiogenic “He after the inventory. 

In 1964, Merrihue reported extremely high 7He/*He ratios of 
up to 1 x 10° * in ferromagnetic separates from Pacific deep ocean 
red clay’’. The high *He/*He ratio was explained by the addition 


of extraterrestrial debris in the sediments. A subsequent study 
confirmed that higher *He/*He ratios are common to pelagic 
sediments whose sedimentation rate is low”’. A recent study 
reported that homogeneous fallout of stratospheric dust into 
the sediments can account for the *He/*He ratio anomaly”. A 
close relation between the occurrence of the marine fer- 
romanganese nodules and ocean red clay was established by 
Cronan”, who found that nodules do not grow on the ocean 
floor in places where the sedimentation rate is higher than 7 mm 
per 1,000 yr. Thus, the sedimentation rate is closely linked to 
both *He/*He ratios ın the sediments and the occurrence of the 
nodules, which suggests similar mechanism of genesis for 
nodules with high *He/*He ratios and such sediments. 

The presence of cosmic spherules was first recognized in 
manganese nodules by Murray and Renard”. A subsequent 
study revealed their characteristics using techniques of X-ray 
diffraction and electron microprobe analysis**. They were infer- 
red to be two types of particles, one derived from iron meteorites 
and the other from stony meteorites. These particles are 
extremely small, with diameters of 100-200 um. Materials with 
a composition similar to these particles may account for the 
observed high *He/*He ratios in manganese nodules, since the 


Table 2} Major and minor elements of marine ferromanganese nodules 
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Element 1 2 7 10 
KH-84-1-16-001 KH-84-1-19-A KH-84-1-3-606 KH-84-1-27-017 

Major (%) 
MnO, 22.4 17.3 459 40.9 
Fe0O0, 25.5 252 131 254 
S10, 197 23.3 9.51 470 
AlO, 718 7.90 3 26 1.28 
TiO, 1.30 1 4140 124 1.36 
Na,O0 1 82 2.15 | 2.51 172 
K,O 116 0.93 1.40 048 
CaO 3 82 3 93 4,32 3.57 
MgO 2.21 2.17 2.08 1.89 
PO; 0.96 0.94 1.39 132 
H,0(+) 10.8 9 64 11.4 122 

Minor (p.p.m } 
Ba 2,060 1,750 2,460 3,110 
Sr 1,290 1,180 1,380 2,080 
Li 31 22 110 16 
V 460 430 800 920 
Co 600 ; 540 5,570 6,510 
Ni 1,290 750 7,500 4,090 
Cu 810 720 1,100 540 
Zn 499 470 1,240 660 
Y 160 430 100 210 
La 180 170 100 400 
AS 140 120 140 350 
Sb 91 92 40 48 
Th 39 8.9 21 34 
Se 21 22 7 10 
wW 30 20 160 250 
Mo 78 40 820 750 
Hf 71 65 5.1 85 
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>He/*He ratio of meteorites ıs known to be extremely high, up 
to 026 (refs 25, 26) Ozima er al?! suggested that particles 
smaller than 10 um in diameter would be carriers of the high 
>He/*He ratio, applying the calculation on the loss from particles 
at atmospheric impact heating”. The identity of the He carrier 
remains to be determined. 

Chemical compositions of major and trace elements of rep- 
resentative nodules were determined by means of inductively 
coupled argon plasma optical emission spectroscopy and instru- 
mental neutron activation analysis, Preliminary results are given 
in Table 2, Based on the Mn/Fe ratios, nodules from Mariana 
Trough (samples 1 and 2) are largely of hydrogenetic type, 
whereas those from the Ogasawara region are diagenetic (sample 
7) and intermediate (sample 10) types. Trace elements such as 
Co, Sb and Ni are relatively depleted in Mariana nodules 
compared to Ogasawara nodules, which agrees well with the 
respective Mn/Fe ratios and genetic types. 

There ıs no relation between the *He/*He ratios and the 
chemical compositions of nodules, which implies that differen- 
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ces in genetic conditions, such as those between hydrogenetic 
and diagenetic types, cannot affect the *He/*He ratio, No 
apparent relation is found between elemental abundances of 
tHe, Ne and **Ar and chemical compositions of nodules. In 
contrast to other noble gas data, contents of radiogenic “Ar are 
higher in Mariana samples than ın Ogasawara samples. It was 
confirmed that diagenetic type nodules grow faster than hydro- 
genetic type**. Abundances of radiogenic Ar in nodules show 
agreement with the reported regularity and the genetic signature 
arrived at by chemical composition analysis. 

In conclusion, the high ’He/*He ratios in marine fer- 
romanganese nodules cannot be attributed to terrestrial 
materials, but strongly suggest the occurrence of extraterrestrial 
debris in the nodules. 
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Search for the origin of 
exotic helium in deep-sea sediments 


Sachiko Amari & Minoru Ozima 


Geophysical Institute, University of Tokyo, Tokyo 113, Japan 


Merrihue' first observed helium with a very high *He/‘He isotope 
ratio (> 107*: here termed exotic helium) in a magnetic separate 
of a deep-ocean sediment and attributed it to input of extraterres- 
trial material. Krylov et al.? subsequently reported the existence 
of exotic He in several deep-sea sediments, while Titles? measured 
argon isotope ratios in magnetic separates of two ocean sediments. 
Observing that the *He/*He ratio is inversely correlated with the 
sedimentation rate, Ozima et al.* concluded that the exotic He is 
carried by interplanetary dust particles (IDPs). We have now 
examined other deep-sea sediments to characterize the exotic He 
and to identify its carrier, and have confirmed that the exotic He 
resides mainly in a strongly magnetic fraction. Stepwise degassing 
experiments suggest that the exotic He consists of a single com- 
ponent. The carrier of the He is likely to be chondritic IDPs. The 
higher level of exotic He in magnetic fractions of sediments can 
be explained by secondarily produced magnetite in IDPs as a 
result of thermal shock during atmospheric entry. 

We studied deep-sea pelagic sediments from three different 
sites. (1) Piston-cored sediment, KH75-3-5-2 (26°00.8' N, 
150°00.0' E; uncorrected depth, 5,850 m, core length, 907 cm), 
(2) box-cored, siliceous fossil-rich clay®, GH79-1-1476 
(9°49.96' N, 167°17.68’ W, corrected depth, 5,151 m), and (3) 
boex-cored, very dark brown siliceous and calcareous fossil-nich 
mud’, GH80-1-1627 (5°27.32' S, 163°46.01' W, corrected depth, 
4,995 m). A hand magnet was used to separate magnetic fractions 
from the pulverized samples, which were suspended in distilled 
water. 

In the case of KH75-3-5-2 (662-71ll-cm interval), three 
different grades of magnetic fractions were separated according 


to the intensity of their magnetization; these were designated 
M1, M2 and M3, where the smallest number corresponds to the 
strongest magnetization. Their weight fractions were ~0.22, 0.09 
and 0.27%, respectively. Compared with M2 and M3, MI was 
relatively abundant in particles <10 um. 

The two box-cored samples (GH79-1-1476, GH80-1-1627) 
were separated only into magnetic and non-magnetic fractions 
In the case of the magnetic fraction of GH80-1-1627, most of 
the particles were a few micrometres in size, but the particles 
in the magnetic fraction of GH79-1-1476 ranged from 50 to 
100 um, with few particles smaller than 10 wm 

Both the highest *He/*He ratio and the highest *He content 
were observed in M1, the most strongly magnetic fraction of 
KH75-3-5-2 The magnetic fractions of the box-cores also had 
higher *He/*He ratios and *He contents (Table 1) than the bulk 
sediments. In only 0 22 wt% of the bulk sediment, M1 contained 
~30% of bulk *He, with a *He content of ~3.6 x 107? cm? STP 
perg However, the non-magnetic fraction also showed a higher 
3He/*He ratio and He content than common terrestrial materials. 
This 1s disucssed below 

The *He/*°Ne ratios were 0 03-0.07, which 1s similar to the 
planetary ratio (0.03)° but slightly smaller than the solar wind 
He implanted ın lunar soils (0 09)*. As most of the observed 
>He/*He ratios (2x 10~*) differ from both the planetary (1 4x 
1074) and the solar-type He (4x 10~*), we first suspected it to 
be a mixture of several components, such as radiogenic He 
and/or spallogenic He, in addition to the two principal com- 
ponents However, when M1 was subjected to stepwise heating, 
the “He/*He ratios were almost the same (2 x 1074) for most of 
the temperature fractions (Table 1). Figure la shows the thermal 
release pattern of “He, while Fig. 1b shows a *He-“*He correla- 
tron diagram. The strong linear correlation (*He/*He = 2 x 107%) 
suggests that He in M1 comprises a single component. This is 
supported by the Arrhenius plot in Fig. 2, which shows a straight 
line yielding a single activation energy of E=17 kcal mol`’, 
different components would be more likely to be characterized 
by different outgassing mechanisms or by different activation 
energies Solar wind He (*He/*He=4x107*) implantation 
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Table 1 Properties of sediment samples investigated 
Weight 3He/*He *He “He °Ne 
Sample (mg) (107$) (107?° cm? STP per g) (107$ cm? STP per g) (107° cm? STP per g) 
” KH-75-3-5-2 
Interval: 662-711 cm 
Bulk 101.6 
Total 0.659 +0.132 0.258 + 0.085 0.392 + 0.050 
NM 104.5 
Total 0.516+0.085 0.208 + 0.058 0.402 + 0.047 
M1 42.25 
Total 2.18 +0.24 36.10+6.16 16.554 0.98 5.18+0.61 
M1 : 55.85 
$20 °C 1.99+0.13 7.72% 1.28 3.88 + 0.40 
690 °C 2.05+0,11 10.74 + 1.62 5.25+0.51 
770°C 1.91+0.14 8.11 +1.51 4.25 +0.49 
860 °C 1.90+0,13 5.71+ 1.04 3.01 +0.34 
950 °C 1.76+0.15 3.37 +0.73 1910.25 
1,030 °C 1.12 +0.46 0.321 + 0.266 0.285 +0.120 
1,110 °C 3.59 0.185 0.141* 
M2 , 26.3 
Total 1.87 +0.32 5.78 + 1.68 3.10+0.37 
M3 55.5 i 
Total 1.75 40.28 2.15 +0.57 1.23 +0 13 
GH79-1-1476 
M 41.91 
Total 1.38 +0.07 ` 16.21 +2.52 11.79 +1.27 5.97 +3.17 
` GH180-1-1627 
M 30.53 . 
- Total 2.37+0.08 107.3 +13.4 45.26 + 4.07 43.50 +8.55 





NM, non-magnetic fraction; M, magnetic fraction; M1, M2 and M3, see text. Errors represent lo including the analytical error in the mass 


spectrometry and 50% of the hot.blank. 


* These values give only upper limits because of the very small amount of the extracted gas. 


seems to be the only plausible mechanism to account for the 
large amount of trapped exotic He (He up to 1x 1078 em? STP 
per g). However, it is difficult to explain the finding that this 
ratio is lower than that of solar He in terms of the addition of 
radiogenic *He, as the exotic He is probably of a single com- 
ponent as discussed above. If we assume that ~99% ‘of the 
original He was. lost, the solar wind ratio can be reduced-to the 
observed value. However, because the *He/?°Ne ratio is not 
very different from the value of solar wind-implanted lunar soil, 
such large fractionation seems unlikely, as the process that 
resulted in the isotope fractionation would have produced much 
larger elemental fractionation. 

Thermomagnetic analyses of M1 and the magnetic fraction 
of GH80-1-1627 (GH80M) in a vacuum of ~107° Pa at’a mag- 
netic field of H = 0.45 T, where H is the magnetic field in Teslas, 
produced almost reversible thermomagnetic curves on heating 
and cooling.(Fig.3). The principal Curie temperatures were 
~540 °C for M1 and 575 °C for GH80M, with respective mag- 
netizations of 39 Am? kg™! and 7 Am? kg™'. Based on the ther- 
momagnetic curves and magnetic intensities as well as on 
chemical analyses by atomic absorption spectroscopy (M1: Fe, 
31%; Mn, 0.4%; Ni, 0.4%; GH80M: Fe, 14%; Mn, 0.4%; Ni, 
300 p.p.m.), we conclude that the ferromagnetic separates are 
essentially magnetite (with a small amount-of ulvéspinel in M1). 
Because magnetite in deep-sea sediments is commonly nearly 
stoichiometric’, most of the ferromagnetic grains may be of 
terrestrial origin, in which case the thermomagnetic.curve for 
the carrier of exotic He is likely to be completely masked. If we 
assume that IDPs are the He carrier; we can use the *He content 
observed in IDPs (~0.1 cm? STP per g)’® to estimate the amount 
of IDPs in the magnetic fractions;.incorporation of ~100 p.p.m. 
IDPs in the magnetic fractions would be enough to account for 
the observed He content. ` 

The exotic He has several characteristic features. First, it must 
be quite resistant to seawater weathering. Chondritic IDPs are 
coated with amorphous materials of low atomic number'!” 


which are considered to be carbonaceous matter. Perhaps this 
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Fig. 1 a, Helium thermal release pattern. O, Cumulative value; 

@, value for each temperature step. b, *He/*He correlation 

diagram. The amount of *He is plotted against the amount of *He. 

Numbers next to each data point indicate temperature (°C) Errors 
bars are lo. 
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Fig. 2 Arrhenius plot for stepwise heating. The slope yields an 
__ activation energy of 17 kcal mol™'. D, diffusion coefficient; ¢, time 
interval for each temperature step (1h); a, radius of a particle. 


coating gives good protection against seawater weathering. 
Second, the stepwise heating experiment shows that He is 
trapped fairly tightly; a 950°C temperature fraction after four 
steps still contains ~10% of the total He (Fig. 1a). Extrapolation 
of the experimental data on the Arrhenius plot to the ambient 
temperature in the deep-sea bottom (~2°C) gives D/a’?= 
2.3x107'° s~} (where D is the diffusion coefficient and a the 
radius of a particle), which suggests that ~40% of He can still 
remain in the magnetic fraction after half-a million years. Third, 
the high *He/*He ratio is highly concentrated in the magnetic 
fraction. As discussed previously'*, IDPs seem to be the most 
plausible candidate for the exotic He carrier in deep-sea sedi- 
ments. Most IDPs have an elemental abundance similar to that 
of CI chondrites'*, which contain magnetite of ~8 wt% (ref. 14). 
However, after atmospheric entry, IDPs would contain secon- 
darily produced magnetite; X-ray diffraction analyses by Fraun- 
dorf et al.'° revealed a correlation between the strength of 
magnetite spots and other signs of heating and showed that the 
least altered IDPs had weak patterns, suggesting that in the 
most primitive IDPs, non-crystallized materials are the major 
phase. These workers concluded that finely divided magnetite 
and olivine are produced by decomposition of poorly ordered 
silicate materials. The amorphous silicates are metastable and 
would therefore easily change into stable minerals, that is, 
magnetite ‘and olivine, following a small thermal stimulus, 
without causing large He loss. For example, in the case of IDPs 
with 3g cm? and 10 wm size (a typical size in stratospheric 


particles'©), ~10% of the total He would be lost during atmos-' 


pheric entry, as estimated from the data for the maximum 
temperature reached (~ 1,000 °C) without causing melting of the 
IDPs", the duration of heating (~10s)'*'? and the results of 
stepwise heating. Therefore, most chondritic IDPs would con- 
tain magnetite originating from the thermal shock of atmos- 
pheric entry. In fact, it has been reported that most X-ray 
diffraction patterns of chondritic IDPs indicate the presence of 
magnetite and pyrrhotite”. Hence, the amount of magnetite 
must be larger than that inferred from CI chondrites. In deep-sea 
sediments, most terrestrial particles are non-magnetic, whereas 
magnetic IDPs must be more abundant than the non-magnetic 
IDPs. This would explain why the exotic He resides essentially 
in the magnetic fractions. 

We thank Professor K. Yamakoshi and’ Dr K. Fujioka for 
providing the samples, Dr T. Furuta for help with the 
thermomagnetic analyses and Dr M. Imamura for help with the 
atomic absorption analyses. S.A. thanks Professors K. Ito and 
J. Matsuda for their continuous encouragement. S.A. is on leave 
` of absence from the Division of Science of Materials, Graduate 
School of Science and Technology, Kobe University, Nada, 
Kobe 657, Japan. 
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Fig. 3. Thermomagietic analysis of M1: Solid line, heating curve; 
dashed line, cooling curve. 
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The Troodos ophiolite represents one of the best preserved frag- 

ments of ocean-floor crust that is exposed on land. As the extrusive 

series of the ophiolite retains a stable magnetization that is directed 

westward, the ocean crust is considered to have rotated anticlock- 

wise through 90° since its formation in the Late Cretaceous’. To 

determine the timing of the rotation event, over 3,000 orientated - 
samples have been collected from the ophiolite and from its in situ 

Turonian to Recent sedimentary cover. Here we report that pelagic 

chalks immediately overlying the highest extrusive lava units of 

the ophiolite complex give reliable magnetic vector directions 

indicating that at least 60° of rotation occurred before the Lower 

Eocene and that rotation was completed by the end of the Lower 

Eocene. Rotation cannot have occurred within a single late Miocene 

event, as reported previously”. Regional geological considerations 

support the rotation of only a small fragment of oceanic crust 

that was stranded adjacent to an active continental margin. In this 

tectonic setting the oblique consumption of oceanic crust beneath 

Troodos crust could provide the necessary driving force for tectonic 
rotation. 
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Fig. 1 Simplified geological map of 
Cyprus (with inset showing the loca- 
tion of Cyprus in the eastern 
Mediterranean area). 1-7, Sampling 
sites within Maastrichtian and 
Palaeocene chalks. - 
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The Troodos ophiolite complex is a preserved remnant of late 
Cretaceous oceanic lithosphere which retains an intact, largely 
undeformed, lithostratigraphy’. The characteristic oceanic crus- 
tal layers now crop out concentrically about the focus of rela- 
tively recent uplift (Fig. 1). The presence of a well-developed 
sheeted dyke complex constitutes unequivocable evidence that 
crustal accretion occurred at a linear spreading axis orientated 
parallel to the predominant north-south dyke trend*”. 

Extrusive pillow lavas crop out around the periphery of the 
main igneous complex and on a sliver of ophiolitic basement 
exposed on the Akamas Peninsula, north-west Cyprus (Fig. 1). 
After alternating field (AF) magnetic cleaning, in fields of 
<10 mT, samples collected from lavas along the northern 
Troodos margin clearly recorded stable westerly declinations, 
consistent with previous studies! (Table 1). The samples are of 
normal polarity, implying that the crust rotated 90° anticlockwise 
after formation. The original ‘spreading axis was therefore orien- 
tated east-west. In detail, a comparison of structurally well- 
constrained magnetic declinations from numerous lava outcrops 
shows that intracrustal block-rotations in the horizontal plane 
have been considerable, especially in the vicinity of major ver- 
tical fracture zones (for example, Arakapas fault belt®). A com- 


plementary study’ has revealed that bulk-rotation in the vertical | 


plane on listric faults was an important control on relative dyke 
attitude. Such rotations are, common in active extensional tec- 
tonic regimes. 

The age of the oceanic crust itself (91-88 Myr®) provides a 
lower limit on the timing of tectonic rotation. In order to con- 
strain the event further, the palaeomagnetic study was extended 


Table 1 Comparative mean cleaned magnetic directions of ophiolite 
and its sedimentary cover after AF demagnetization 


Rockage — ` N n dec. mC  @gs 


TR Turonian 11 663 274 +36 12.3 
PE Maastrichtian-Palaeocene (N) 5 116 336 +32 13.2 
PE Maastrichtian-Palaeocene (R) 6 101 152 -14 15.3 
PE Lower Eocene - 5 136 357 +38 10.1 





TR, Troodos pillow lavas (north Troodos and Akamas); PE, pelagic 
chalks. N, number of sites; n, number of samples; ag, =95% radius of 
cone of confidence; N, normal polarity; R, reversed polarity. The decli- 
nation values constrain ~60° of the rotation prior to the end of the 
Palaeocene and a further 30° during the Lower Eocene. , 


fre 


LETTERS TONATURE AANA ac 


Troodos Complex units 


Maastrichtian and Palaeocene 
chalks 


Turoman pillow lavas 


Marginal units 


Mamonia Complex; 
Moni Melange 


Permian- 


50 km Kyrenia Range Recent) 





into the in situ sedimentary cover of the ophiolite. Typically, 


the stratigraphically highest lavas are overlain by umbers (fer- 
romanganiferous oxide sediments, dated as Turonian®) and 
radiolarites of late Campanian age’, in turn passing into an 
unbroken succession (50-1,500 m) dominated by pelagic car- 
bonates of Maastrichtian to early Miocene age’®. 

Following standard collection and laboratory procedures, the 
remanent magnetization of samples was measured with a two- 
axis cryogenic magnetometer. The detailed thermal and AF 
demagnetization behaviour was' studied on pairs of two- 
component plots (Fig. 2a, b). Samples from the Maastrichtian 
and Palaeocene chalks around the Troodos periphery charac- 
teristically record a generally higher level of magnetization (10- 
100 pA m™') than Eocene and Oligocene chalks, which often 
only retain a remanent magnetization intensity comparable with 
the sensitivity of the magnetometer (4 pA m7'). Accuracy in 
repeatability during stepwise demagnetization was used as a 
rejection criterion’. 

The remanent magnetizations of Maastrichtian and 
Palaeocene chalks typically include two distinct components, 
each commonly exhibiting partially overlapping coercivity 
spectra. A low coercivity present-day field component is 
removed in low alternating fields (15 mT). A harder component, 
presumably primary, has unblocking temperatures between 
500°C and 600°C and moderate coercivities. The ‘soft’ com- 
ponent is probably carried exclusively by multi-domain mag- 
netite, while the primary component seems to be carried by a 
combination of single-domain titanium-poor magnetite and 
specular haematite (Fig. 2d). 

The characteristic cleaned remanent directions were corrected 
for simple tectonic tilt, then plotted on a stereographic projec- 
tion. Didmetrically opposite normal and reversed polarities are 
clearly represented (Fig. 2c). After inversion of reversed- polarity 
directions through the origin, a mean remanence direction is 
calculated to be declination (dec.) = 334, inclination (inc.) = 
+23, @g5= 17.3, N =217 compared with dec. = 274, inc. = +36, 
Qgs5 = 12.3, N = 663 for the underlying ophiolitic extrusive (Table 
'1). Preliminary results from the metalliferous.umbers and radio- 
larites show declinations similar to those of the ophiolite com- 
plex. Anomalously low inclinations recorded in the sediments, 
and at occasional intervals in the overlying chalks, are probably 
due io the rotation of detrital magnetic carriers during sedimen- 
tary compaction, a process which leaves declinations 
unaffected’. 
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Magnetic directions in the sediment cover must reflect motion 
of the underlying ophiolitic basement. Thus, the declination 
values indicate relatively rapid rotation of Troodos oceanic crust 
between Turonian and early Eocene time, over ~30 Myr (see 
Table 1). Declinations recorded in the Maastrichtian sediments 
show that much of the rotation took place in Campanian- 
Maastrichtian time, a period of only a few million years, immedi- 
ately following the end of spreading-ridge volcanism. 

The geological field evidence suggests strongly that there were 
major tectonic boundaries close-to the Troodos sea floor at the 
' time of rotation and it may be appropriate to consider rotating 


crust no larger than Cyprus itself. Certainly on a larger scale it - 


is clear that the existing palaeomagnetic data from southern 
Turkey and Africa!*-"* indicate that these areas have not rotated 
to anything like the same extent as the Troodos ophiolite. 

In south-west Cyprus, quite coarse-grained terrigenous sedi- 
ments (Kannaviou Formation) appear interbedded with ridge- 
related manganiferous radiolarites (Perapedhi Formation, of 
Turonian-early Maastrichtian age), only several metres 
stratigraphically above the uppermost Troodos lavas'’. In addi- 
tion, Mesozoic continental margin lithologies are present as 
detached blocks (olistoliths) within the ın situ sedimentary cover 
of the Troodos ophiolite in southern Cyprus! (Moni Melange, 
Fig. 1). These observations require the Troodos ophiolite to have 
been located close to a Mesozoic continental margin as early 
as Turonian-early Maastrichtian time (only ~5-10 Myr after its 
genesis). Other remnants of this continental margin are now 
preserved in the Mamonia Complex (south-west Cyprus)'”"® 
and the Kyrenia Range (north Cyprus)’. Structural studies in 
these areas confirm that important strike-slip deformation occur- 
red contemporancously with rotation of the Troodos 
ophiolite!?”°, 

It would thus appear that the tectonic rotation involved inter- 
action of a small oceanic crustal segment with a Mesozoic 
continental margin. Do any analogues of such a tectonic jux- 
taposition exist? One area of immediate interest is off the western 
margin of the North America plate, where subduction has car- 
ried the Farallon plate obliquely against the consuming margin 
of the California borderland”’. As a result of transform-trench 
interactions, the original plate has disintegrated into a number 
of small fragments (sometimes <10* km?) each recording con- 
siderable independent relative rotations (for example, the Gorda 
plate and Explorer plates’’). In this setting, a key control on 
the rotation of larger lithospheric plates like the Northern Cocos 
plate (Fig. 3a) appears to be related to the failure of young hot 
buoyant oceanic crust to be subducted, resulting in the spread- 
ing-ridge crust pivoting towards the continental margin at the 
locus of ridge-trench collision” 

Rotations of small lithospheric units can also occur in the 
arc-trench gap area. Here, a substantial component of oblique 
subduction is known to give rise to marked lateral shear in the 
overriding plate and this can lead to rotations of terranes located 
behind the trench in a fore-arc setting’*”. In the case of the 
Sunda arc, oblique convergence has led to the north-westerly 
displacement of a (>10° km?) crustal wedge relative to the 
Indian Plate (Fig 3b). 
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Fig.2 Summary of magnetic properties of 
Maastrichtian and Palaeocene chalks. a, b, AF 
demagnetization plots of normal and reversed- 
polarity samples, respectively (4-mT incre- 
mental steps). Spurious acquired remanent 
magnetizations at high fields (>50 mT) preven- 
ted further AF treatment; thermal demagnetiz- 
ation was then preferred. c, Stereographic pro- 
í jection showing‘both normal (full circle) and 
reversed (dotted) polarities. d, Isothermal 
remanent magnetization (IRM) acquisition 
curves showing the likely presence of magnetic 
and specular haematite in some samples (X), 
with magnetite the probable sole carrier in other 
samples (Y). J represents induced magnetiza- 
tion in external field. Jy is induced magnetiza- 
tion at 500 mT. 
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Our favoured model for the ophiolite palaeorotation involves 
oblique northward subduction of Tethyan oceanic crust, leading 
to impingement of the spreading ridge ona Mesozoic continental 
margin to the north” (Fig. 3c). To be ‘consistent with recent 
geochemical evidence?’”*, which appears to confirm an origin 
of the Troodos ophiolite above a subduction zone, it seems 
probable that the ophiolite was formed in some type of ‘fore- 
arc’? or ‘pre-arc’”’ setting . Remnants of the Mesozoic continen- 
tal margin with which the Troodos oceanic crust interacted are 
now preserved in south-west (Mamonia Complex) and north 
(Kyrenia Range) ‘Cyprus. 

Thus, we draw three main conclusions. First the remarkable 
rotation of the Troodos ophiolite dccurred relatively quickly in 
the Late Cretaceous-early Tertiary interval quite soon after its 
genesis. Second, the crustal area involved was relatively small, 
with at least one of its boundaries possibly being preserved 
within the present area of Cyprus, Third, although the.exact 
mechanism of the rotation cannot yet be specified in detail, it 
seems likely that a major driving force.resulted from the oblique 
subduction of oceanic crust beneath the Troodos ophiolite which 
was then sited in a ‘fore-arc’ setting immediately adjacent to a 
continental margin to the north, as shown in Fig. 3c. Additional 
palaeomagnetic and field studies are in progress to develop and 
test this model. 





Fig.3 Oceanic microplate rotations: at active margins. -A 





Trench; .... , seafloor magnetic anomalies; =, spreading ridge; 
atrows indicate direction of convergence. a, Seafloor tectonics off 
Central America. The East Pacific Rise (EPR) forms an impediment 
to subduction at the locus of ridge-trench collision (X), causing 
the Cocos plate (CO) to ‘pivot’ about a pole centred in the Gulf 
of California. Rotation is implied by the pattern of arcuate trans- 
forms and fanning of magnetic anomalies away from the pole of 
rotation. b, Sunda Arc (SA) plate tectonics. Oblique consumption 
of oceanic crust (Indian plate, IP) under the western Sunda Arc 
has led to the displacement of a major crustal wedge along a pair 
of transcutrent faults in the overriding plate. Displacement is in 
the direction of the transverse component of oblique convergence. 
SU, Sumatra. c, Rotation of Troodos oceanic crust. Troodos Ridge 
(TR) in Campanian located in ‘pre-arc’ or ‘fore-arc’ setting above 
northerly-dipping subduction zone (A) Ridge carried by subduc- 
tion northward (B) against the Mamonia-Kyrenia margin (MK). 
Continued oblique consumption of crust to the south (A), con- 
sistent with the African~Eurasian plate convergence path*', imparts 
a torque on the overriding plate, driving the Troodos microplate 
anticlockwise, with the possible additive effect of pivoting at a 
ridge-transform-trench triple junction. 
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death of immature fossil hominids 
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We report here revised chronological ages at death of immature 
fossil hominids demonstrating for the first time that Plio-Pleis- 
tocene hominids had markedly abbreviated growth periods relative 
to modern man, similar to those of the modern great apes. Previous 
estimates of age at death for fossil hominids have principally been 
based on dental eruption, maturation and dental wear criteria for 
modern man’ and hence reflect their age in ‘human’ years’. We 
are now able to estimate the absolute duration of permanent incisor 
crown formation by observing gross incremental growth features 
in enamel and thereby apply a timescale to dental developmental 
events for specimens representing four Plio-Pleistocene fossil 
hominid taxa. Thus we have derived more reliable-—species- 
specific—-estimates of age at death that provide a more secure 
model on which to base studies of the palaeodemography, growth 
and maturation of early hominids. 

Two types of incremental growth lines are present within 
enamel; enamel prism cross-striations and striae of Retzius (Fig. 
1). Cross-striations occur along the length of the enamel prisms 
and have a periodicity of 4-8 um in humans’. It is generally 
accepted that they result from a circadian variation in the rate 
of matrix secretion by ameloblasts*’. Boyde previously counted 
enamel cross-striations in ground sections of teeth and calcu- 
lated the number of days between birth (neonatal line) and 
death of an individual in dentally immature human archaeologi- 
cal material*°. Striae of Retzius are coarser lines that pass 
obliquely from the enamel-dentine junction to the surface of. 
the enamel where they become visible as perikymata®’, and are 
believed to be caused by an unidentified but regular and repeti- 


LETTERS TONATURE 


; 525 





agta 





Fig. 1 Simplified diagram illustrating a bucco-lingual section 
through the enamel (E), dentine (D) and pulp (P) of an unworn 
incisor. The coarser incremental growth markings, striae of Retzius 
(R) can be seen passing obliquely from the enamel dentine junction 
to the tooth surface where they are visible as perikymata (Pk). 
Early growth increments around the incisal edge do not reach the 
enamel surface. The circular inset shows the finer enamel prisms 
(Pr) passing from the enamel-dentine junction across the striae 
of Retzius towards the enamel surface. On average seven prism 
cross-striations (Cr) (1 week’s growth) are represented between 
adjacent striae of Retzius. 


tive systemic disturbance®. Newman and Poole? report, from. 
examinations of ground sections of human teeth, that although 
the amount of enamel between striae of Retzius varies, there 
are consistently 7-8 cross-striations between adjacent striae of 
Retzius which suggests that they are formed with a periodicity 
of 7-8 days. This close relationship between striae of Retzius 
and prism cross-striations is well noted in the literature”'®. 
Asper demonstrated this relationship in the teeth of modern 


man, yet noted an occasional variation of 5-10 cross-striations 


between adjacent striae in a single tooth. There is further support 
for incremental periodicity in other hard tissues in man, reptiles"! 
and birds’*. For example, in dentine, von Ebner’s lines, Owens 
lines and peri-radicular bands, respectively, are equivalent to 
cross-striations, striae of Retzius and perikymata in enamel’. 
Bradford’? has also demonstrated a rhythmic disturbance in 
developing dentine indicating a 6-8-day repeat interval, and 
Yilmanz et al.'* have similarly confirmed a circadian rhythm in 
developing pig dentine by reporting 13 sets of alternating light 
and dark lines between markers of lead acetate injected at 2-week 
intervals. A regular 7-day rhythm has also been noted for grow- 
ing human bone and confirmed experimentally in avian bone’. 
Thus evidence for incremental periodicity generally exhibited 
in hard tissues gives credence to the observation of an average 
7~8-day periodicity in enamel formation between any two adja- 
cent perikymata. 

Perikymata are often visible on human and hominid per- 
manent incisors from the mammelons incisally to the enamel- 
dentine junction cervically. They cannot be seen on the surface 
of great ape teeth, but preliminary studies indicate that counts 
of striae of Retzius in great ape crowns provide estimates of 
crown formation times that are close to those predicted in the 
literature’*. In other permanent teeth, perikymata do not reach 
the cuspal regions and are only visible over a reduced area of 
the enamel surface. For this reason permanent incisors were 
adopted for use in this study. In all teeth, however, some early 
growth increments of enamel are hidden beneath the surface 
and therefore do not become visible as perikymata. Examination 
of ground sections of unworn human incisors indicates that the 
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Table 1 Age reassessments based on hominid tooth samples 


No. of Crown formation Root formation Revised Dental formation 
Specimen* perikymat ` timet time age§ (human years) || 
Australopithecus afarensis 
. LH2 RI, 130 3 yr 0 mth — 3.25 4.45 

Australopithecus africanus 

Sts24a RI’ 135 3 yr 1.1 mth — 3.3 6.05 
Paranthopus robustus 

SK62 RI, 57 1 yr 7.2 mth 1 yr 6 mth 3.35 5.85 

LL 64 1 yr 8.8 mth 1 yr 6 mth 3.48 

SK63 RI, 86 2 yr 1.8 mth 1 yr 3.15 6.10 

SK71f RL 61# 1 yr 8.1 mth 

SK734 RL 79 # 2 yr 0.2‘mth i 
Early Homo 
“ KNM- . 

ER820 LI, 105 2 yr 6.2 mth 2 yr 6 mth 33 7.10 

SK-74bł] RL 110 2 yr 7.4 mth 





* Specimens Sts24a (RI,), Sts52 (L&RI,), SK63 (RI,), SK52 (RI,), SK68 (LI,) and SK69 (LI,) were also investigated but did not show perikymata 
over the whole crown surface. 

7 In addition to the importance perikymata have in ageing studies, their spacing on the incisor crown surface appears to differentiate certain 
hominid taxa. Modern human teeth are reported as having perikymata that are more widely spaced toward the occlusal surface becoming more 
closely packed toward the cervix’, This pattern also appears in the study sample of teeth of Australopithecus and early Homo. The teeth of 
Paranthropus observed in this study, however, do not show such a marked narrowing and condensation of perikymata cervically. An isolated lower 
incisor from Swartkrans, SK-74b, demonstrates the pattern seen in Homo and Australopithecus and contrasts with the pattern seen in Paranthropus. 
This evidence for a distinct patterning of perikymata suggests that SK-74b does not belong to Paranthropus”® but belongs rather to early Homo 
(Australopithecus being unknown from Swartkrans). 

+ Crown formation times have been calculated using a 7-day cross-striation repeat interval between adjacent striae of Retzius and include 6 
months growth prior to visible perikymata. Although variation in cross-striation repeat interval between adjacent striae of Retzius exists, an average 


7-day incremental periodicity has been used, as this is most often cited in the literature. 
§ Ages include the addition of 3 months for the tıme between birth and onset of incisor crown formation. 


|| Kindly made available by Mark F. Skinner (unpublished manuscript). 


€ Isolated teeth. 


# Minimum counts that may be 1-3 less than the true figure due to abrasion at the cervix. 


first 20 to 30 striae of Retzius are formed within the enamel 
before the remaining striae appear as perikymata. This indicates 
that enamel is forming for about 6 months before subsequent 
growth increments can be counted on the enamel surface. It is 
also well known that human central and lower lateral permanent 
incisors begin to calcify about 3-4 months after birth’® and that 
calcification of these teeth may occur even nearer to birth in 
the great apes’*. However, estimates of chronological age at 
death of an individual must include the time of crown formation 
represented by the visible increments of growth (perikymata), 
estimates of early hidden growth increments and the short period 
between birth and the onset of calcification of the tooth. These 
estimates have been averaged at 3 months for hominoids between 
birth and onset of calcification and at 6 months for hidden 
growth increments in hominoid incisors. This gives a total of 9 
months postnatal growth before the growth increments become 
visible at the incisal mammelons. 

Some fossil hominid incisors in this study kaei some root 
formed and estimates for the time of root formation must also 
be included in order to calculate chronological age. There is 
evidence that Plio-Pleistocene hominids had a foreshortened 
period of root growth compared with modern man!’. These 
estimates, therefore, have been baséd upon data on root ‘growth 
in hominoids!™'” 18, with due regard to the relative rates of 
crown formation of the specimens and reference to radio- 
graphs™™?? of the specimens, in order not to impose human 
values for incisor root growth and development upon ‘great 
ape-like’ incisor crowns and developing dentitions. 

The jaws of 33 immature fossil hominids from East and South 
Africa were replicated with a high-resolution silicone-based 
dental impression material and cast in epoxy resin*' as part of 
a facial remodelling and maturation study. Amongst the associ- 
ated dental replicas, 11 incisors were selected as potentially 
useful for this study. Five additional incisors from the sample 
of isolated teeth from the Swartkrans hominid site were also 
selected for replication. Positive epoxy resin replicas were pre- 
pared for conventional scanning electron microscopy and 


é 


observed. Montage photographs were taken of the buccal sur- 
faces of the teeth which were used to count the total number 
of perikymata on the tooth crown. Perikymata were visible from 
the unworn crown tip to the cervix in only nine specimens. The 
hominid sample is summarized in Table 1. Ten unworn lower 
incisor crowns of modern Homo sapiens were also prepared, 
observed and the perikymata counted. Estimates for the duration 
of crown formation in the modern human sample (mean number 
of perikymata 188 (range 165-202); mean crown formation time 
4.2 yr) agree with estimates of crown formation times calculated 
from longitudinal and cross-sectional radiographic studies’. 

The assumption underlying the age reassessments presented 
in Table 1 is that they are chronological ages at death that have 
also been taken to represent the mean dental formation status 
for that age in each species. It is also assumed that because of 
the conservative process of dental development, any similarity 
in dental development between taxa mirrors similarity in growth 
and development”. The ages derived for Australopithecus, 
Paranthropus and early Homo describe biological equivalence 
to modern man at roughly two-thirds the chronological age, 
demonstrating that they had growth periods similar to the 
modern great apes**°. Unexpectedly, the age calculated for 
early Homo, as represented by KNM-ER 820, provides evidence 
that the trend for prolongation of the growth period had not 
begun with this group. These results reflect a dramatic advance 
in our appreciation of the biology of these species which have, 
until now, been regarded in ‘human’ years. 

Future studies should be aimed at confirming the periodicity 
of enamel incremental features in human and hominoid teeth. 
Unworn fully formed incisor crowns from humans of known 
age are largely unavailable (although tetracycline labelled teeth 
may prove useful) and perikymata on hominoid teeth are incom- 
pletely expressed, as noted above. However, it is still possible 
to examine cross-striation repeat intervals between striae of 


Retzius histologically, and this work is now in progress. Our 


finding, that the growth periods for Plio-Pleistocene hominids 
were similar to the modern great apes implies that little 


tn 


NATURE VOL 317 10 OCTOBER 1985 


taxonomic significance canbe attributed to this aspect of the 
biology of early hominids during these phases of human evol- 
ution. However, future estimates of age at death for the majority 
of sub-adult early Plio-Pleistocene fossil hominids, based on 
this study and new dental developmental data, should help 
quantify the nature of changes in rates of growth in specific 
anatomical regions, and enable these changes to be traced 
through the hominid fossil record. 
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Stereoscopic depth perception is based on measuring tiny differen- 
ces between the two eyes’ images which arise as a result of binocular 
parallax’. Julesz* used random-dot stereograms to demonstrate 
that stereopsis may be based on a simple point-to-point comparison 
of the two eyes’ images and does not require the presence of 
monocularly visible forms or contours. Here we present a new 
class of stereograms which illustrate that monocular subjective 
contours’ > can influence the matching of elements in a stereogram 
even though the elements themselves convey no disparity informa- 
tion. More specifically, the depth seen from such contours is 
automatically attributed to texture elements and lines that are 
enclosed by these contours—an illusion that we call ‘stereoscopic 
capture’. 

Figure 1a depicts a well-known illusion known as the ‘wall- 
paper effect’. When patterns consisting of repeating stripes are 
viewed binocularly they can convey any one of a number of 
different depth planes®. However, at any given instant the entire 
pattern is seen to occupy only one single plane; the exact plane 
seen seems to depend mainly on the angle of convergence. Figure 
1b shows a square defined by subjective contours**. Such con- 
tours can be produced by means of appropriately aligned black 
disks from which right-angled sectors have been removed. The 
brain interprets this figure parsimoniously as an opaque white 
square with its four corners occluding the four black disks (and 
not as four sectored disks which have been deceitfully aligned 
by the experimenter). One has the strange impression of a 
contour connecting these aligned edges even though no contour 
exists physically——hence the name subjective contours. Whether 
these contours are physical, physiological or truly ‘subjective’ 
is a much debated semantic issue that need not concern us here. 

We constructed a stereogram using two subjective squares 
similar to that of Fig. 1b by introducing small horizontal dis- 
parities between the Vertical edges of the cut-out sectors (Fig. 


1c). Perception of depth in these stereograms is most vivid when 
the disparities convey a square standing out in front of the disks. 
If the two images are now interchanged, stereopsis disappears 
and, surprisingly, the subjective contours also become weak; 
perhaps because it is now difficult to make any sense out of the 
whole figure”’®. These stimuli and all subsequent ones described 
here were generated on a CRT screen using a Macintosh micro- 
computer. The visual angle subtended by the black disks was 
0.5° and the subjective square itself subtended 2°. The horizontal 
disparity between the vertical edges of the cut sectors was 
20 arc min. 

Our next step was to superimpose a template of Fig. lc on 
several kinds of wallpaper to generate ‘wallpaper stereograms’ 
(Figs 2, 3, 4). In Fig. 2 we simply used repeating vertical rows 
of spots (see figure legends for additional details). This 
stereogram was then shown to eight subjects who were experi- 
enced psychophysical observers but were unaware of the pur- 
pose of the experiment. They were shown both crossed and 
uncrossed versions (that is, with a square depicted in front or 
behind the plane of fixation) and asked to report what they saw. 
With crossed stereograms (Fig. 2a) all eight subjects saw the 
square defined by the subjective contours as standing out clearly 
in front. Interestingly, the corresponding dot-rows on the wall- 
paper were also carried forward with the plane—an effect we 
call ‘stereoscopic capture’. As the disparity of the squares equal- 
led several multiples of the periodicity of the dot-rows, this 
finding implies that the subjective surface in depth created by 
the subjective contours was somehow pulling the dots with it 
even though the dots themselves do not convey any specific 
disparity information (in fact they convey zero disparity in 
relation to the background). When the subjects viewed uncrossed 
stereograms, no such effect was seen; neither the subjective 
surface nor the stereoscopic capture effect was observed (Fig. 
2b; see legend for further details). 

In Fig. 3 we used continuous vertical lines instead of rows of 
dots in the background. Subjects reported that the illusion was 
just as compelling here as in Fig. 2. Surprisingly, the capture 
effect was strong enough to overcome the physical continuity 
of the vertical lines and caused apparent breaks to appear on 
the lines at the upper and lower edges of the subjective square. 
Again, as in Fig. 2, the illusion disappeared completely when 
the pictures received by the two eyes were interchanged and 
subjects now reported seeing rivalry and diplopia instead of 
capture. 
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Fig. 1 a, A well-known stereoscopic illusion called the wallpaper 
effect. If the reader brings the pattern very close to his nose and 
changes his angle of vergence while viewing this display he will 
perceive corresponding changes in the plane of perceived stereo- 
scopic depth. b, A square defined by subjective contours. Observers 
usually perceive an opaque white square whose corners partially 
occlude the four black disks. Faint ‘subjective’ lines are seen to 
delineate the square even though no physical lines exist. c, A 
stereogram produced by using two subjective squares similar to 
that in b. Small horizontal disparities are introduced between the 
vertical edges of the cut sectors. When the two eyes’ patterns are 
fused, a subjective square stands out in stereoscopic depth. 


Next we superimposed Fig. 1c on horizontal lines (Fig. 4a). 
As expected, none of the eight subjects observed capture when 
uncrossed disparities were used (as in Fig. 3). With crossed 
disparities, subjects reported that only the lines actually adjoin- 
ing the sectors themselves were pulled forward. All the other 
lines on the square remained flush with the background and it 
was very difficult to break the continuity of these lines in order 
to partition them into two surfaces. Perhaps the brain is reluctant 
to attribute depth to horizontal lines as such lines do not nor- 
mally convey disparity signals in the real world. 

One could argue that the anisotropy observed here is between 
vertical as opposed to horizontal gradients of disparity (that is, 
between the vertical and horizontal edges of the illusory square) 
and not between vertical and horizontal gratings. We tested this 
possibility by using oblique gratings (Fig. 4b) and found that 
the illusory breaks on the lines could now be seen along both 
vertical and horizontal borders of the square. Further, when 
they were asked to compare the vertical and horizontal depth 
edges, none of our subjects could see any difference. This result 
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Fig.2 a, Produced by superimposing a template of Fig. lc on a 
repeating wallpaper pattern. The inter-dot separation between the 
elements constituting the wallpaper is 5 arcmin. A subjective 
square stands out in front of the background and carries the 
wallpaper with it even though the elements on the wallpaper are 
at zero disparity. This is an example of stereo capture (see text). 
b, Identical to a but with the two eyes’ pictures interchanged to 
reverse retinal disparities. The illusion is destroyed and replaced 
by rivalry and diplopia. However, one of our subjects spon- 
taneously reported that instead of stereo capture he now’saw four 
portholes cut out of an‘opaque sheet of wallpaper. Through these 
portholes he could see the four corners of a smaller square piece 
of wallpaper and these corners pulled the corresponding rows of 
dots with them This alternative and unusual percept of seeing four 
deeper corners ts of considerable interest for ıt reinforces the view 
that ıt is indeed the subjective contours that drive the perceived 
depth. The observation was also confirmed by two other subjects 
on prompting but the remaining five subjects continued to 
experience rivalry and diplopia The percept becomes more pro- 
nounced if the horizontal black lines are removed and if finer 
textures are used (for example, try fusing Fig 3b) 


Suggests that the anisotropy observed in Figs 3 and 4a occurs 
not at the cyclopean level but probably at an earlier stage of 
stereo-matching. 

Figure 4c depicts another version of stereo capture: here we 
have used dissimilar wallpaper textures for the images received 
by the two eyes. As the elements comprising these textures are 
uncorrelated for the two eyes, one would expect to see either 
binocular rivalry or random depth planes based on chance 
correlations. Seven of our eight subjects, however, reported 
seeing stereo capture; the dots corresponding to the square were 
seen to stand out in front despite the rivalry. Thus, the stereo 
capture illusion is strong enough to overcome rivalry of finer 
image features (high spatial frequencies), although the effect is 
certainly less striking than that observed in Figs 2, 3. This 
observation is consistent with the conclusions of Ramachandran 
et al? that monocularly visible texture boundaries can support 
stereopsis even when the elements defining the textures are 
themselves uncorrelated. 

We considered the possibility that vergence eye movements 
are involved in producing these effects—this seems unlikely for 
two reasons. First, one sees two different stereoscopic planes 
simultaneously in each of these stereograms, an outcome that 
would be impossible to achieve by simply using convergence 
alone. Second, we presented the stereograms (Figs 2, 3b) in a 
tachistoscope to three subjects. Crossed and uncrossed dis- 
parities were flashed in random sequence while they fixated a 
spot presented on the background just below the subjective 
square When asked to report whether the elements within the 
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Fig. 3 a, A template of Fig. 1c superimposed on a pattern of 
repeating vertical stripes (spatial frequency of the stripes is 9 cycles 
deg™'). A subjective square stands out clearly from the background, 
carrying the lines with it. Also, the capture effect is strong enough 
to overcome the physical continuity of the lines and causes 
apparent breaks to appear on the lines. b, Similar to a except that 
the disparity has been reduced to 10 arc min to enable easier fusion. 
The spatial frequency of the grating is 18 cycles deg™'. 





` 


square appeared in front of or in the same plane as the fixation 
spot, they responded correctly on 51 out of 60 trials (3 subjects x 
20 trials each). Similar results were obtained with Fig. 3b (54 
. out of 60 responses were correct), suggesting that eye movements 
are not responsible for the effect. f | 

We found that stereoscopic capture was also very sensitive 
to the spatial phase relationship between the wallpaper and the 
sectored disks: the cut edges had to be ‘phase-locked’ with the 
lines so that the subjective square’s disparity was an exact 
multiple of the periodicity of the lines. Thus, when the disks 
themselves were flush with the background, the subjective square 
occupied exactly the same plane as the enclosed wallpaper that 
was captured and this seemed to amplify the illusion. If a 
deliberate phase shift was introduced, capture was considerably 


reduced and replaced by the appearance of a transparent subjec- ' 


tive. square. This observation implies that the signal derived 
from the disparate subjective contours is not merely attributed 
to the elements of wallpaper; there must be some degree of 
mutual synergy between the two. In this respect stereo capture 
may turn out to be different from motion capture’. 

Our conclusions are: also consistent with the elegant 
demonstrations -of Mitchison and McKee’* and Julesz and 


Chang”, although neither of these studies specifically explored | 


the role of image segmentation produced by illusory contours. 
Mitchison and McKee found that disparity signals derived from 
the endpoints of two horizontal dot-rows viewed binocularly 
could influence the matching of ambiguous repetitive elements 
in the middle. However, in certain conditions they could produce 
a dot-row that was tilted’ in stereoscopic space as a result of 
interpolation—an effect 'that we could not produce in our dis- 
plays. When we superimposed a tilted illusory surface on closely 


spaced gratings (12 cycles deg™') the gratings remained flush ~ 


with the background and showed no tendency to tilt with the 
illusory surface. as = : i 

Next, we wondered whether the stereo capture illusion depic- 
ted in Figs 2 and 3 was being produced by the illusory contours 
themselves or by the disparity conveyed by the cut sectors. 


Although there is no simple way of answering this question, we . 
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Fig. 4 a, Capture is considerably weaker if horizontal lines are 
used. The lines adjoining the sectors themselves are pushed forward 
but not the lines in between (they remain flush with the background 
and it is impossible to see subjective breaks). b, A stereogram 
similar to a and Fig. 2, except that we have used oblique lines 
instead of horizontal or vertical lines. The apparent breaks on the 
lines are equally obvious on both vertical and horizontal borders 
of the illusory square. c, Here we have used dissimilar textures for 
the two eyes to produce rivalry. Stereo capture can be seen despite 
the rivalry (especially on eccentric fixation) but the illusion is less 
compelling than in Figs 2 and 3. Note that although the textures 
. are dissimilar, they probably have some overlap of their Fourier 
power spectra; this overlap may produce some chance correlations 
that are necessary for generating the effect, but we did not 
specifically explore this possibility. d, This stereogram is identical 
to Fig. 3a in every respect except that we have replaced the cut 
sectors with corners made of small line segments so that no illusory 
contours are visible. Although the disparity between these corners ` 
is identical to the disparity between the cut sectors in Fig. 3a, 
stereoscopic capture cannot be observed in this display, suggesting 
that the presence of an illusory surface is an important prerequisite. 
Some of the lines may occasionally appear to come forward due 
to convergence but it is impossible to partition the image into two 
well-defined surfaces. 





attempted to do so by using a ‘control’ stereogram of the kind 
shown in Fig. 4d. Here, we have replaced the cut sectors with 


‘corners made of tiny line segments so that no illusory contours 


are visible. When our eight subjects viewed this stereogram, they 
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reported that the corners floated out in front of the paper but 
that the grating was not captured and pulled forward. This 
supports our contention that the creation of a subjective surface 
is an important prerequisite for producing stereo capture. 
Thus, disparate subjective contours capture regions of zero 
disparity enclosed within these contours but not regions that lie 
outside the contours. When vertical stripes are used the effect 
is strong enough to overcome the physical continuity of the lines 
so that illusory breaks appear on them. The capture effect 
disappears if the sign of disparity is reversed, suggesting that 
factors such as overlay or occlusion are an integral part of the 
illusion. An anisotropy was observed between vertical and 
horizontal lines, the latter being resistant to capture. Capture 
was also phase-sensitive, the effect being most pronounced when 


the disparity of the illusory contours was an exact multiple of 


the grating periodicity. Finally, completely uncorrelated (and 
rivalrous) regions can also be captured to a limited extent. 

It would be interesting to determine whether computational 
models'* of stereopsis can be modified to account for these 
intriguing phenomena. We conclude that in many instances the 
brain may begin by segmenting the scene into contours and 
surfaces and that the information derived from such segmenta- 
tion can have a profound influence on subsequent processing 
retinal disparities’. Certain cells in area V1'°~"’ are thought to 
respond to small disparities and those in V2 to large retinal 
disparities'®-° as well as illusory contours”". It is not inconceiv- 
able, therefore, that stereo capture results directly from synergis- 
tic interactions between these cells. For example, the wallpaper 
might excite cells corresponding to several depth planes in area 
Vi whereas the disparity of illusory contours would excite only 
a single plane in V2. The latter signal might then be fed back 
to V1 to select or ‘highlight’ the appropriate plane—a conjecture 
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that is consistent with the observed anisotropy (Figs 3, 4a) and 
phase-sensitivity of stereo capture. Further experiments ‘along 
these lines may help us to better understand the hierarchy of 
precedence rules in the brain that result in the construction of 
a three-dimensional visual world. 

We thank D. MacLeod, F. H. C. Crick and G. Mitchison for 

stimulating discussions, E. Ebbesen for facilities, and one of 
the referees for suggesting some further experiments. V.S.R. was 
supported by academic senate and biomedical research grants 
from UCSD. 
Note added in proof: If disparities were introduced between the 
disks themselves and not just between the cut sectors, no capture 
was seen, This suggests that a simple spread of disparity signals 
cannot explain the effect; the presence of an illusory stereoscopic 
surface is required. 
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Cycles of presence and absence of 
mother mouse entrain 
the circadian clock of pups 
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Recent findings on neural and endocrine rhythms in infant mice 
and rats show that maternal coordination has an important role 
in setting the phase of the developing circadian clock both in the 
fetus and soon after birth’~’. However, less information is available 
about the influence of the mother on activity/rest cycles of infants. 
Separation of the mother from infants in guinea pigs, monkeys 
and rats*~’° results in an increase in sleep disturbance (enhanced 
activity ?). In this context it may be a common feature that during 
the postnatal period there is enhanced activity of pups during the 
hours when the mother is not nearby. Conversely, the social influen- 
ces exerted by the mother while present with her young possibly 
leads to a relative rest stage. We have now tested this assumption 
in the night-active mouse Mus booduga. Our study addressed the 
postulate that the circadian activity/rest cycles of the pups are 
controlled by cyclic(?) presence and absence of the mother. The 
results reported here clearly indicate that the circadian locomotor 
activity of pups kept under continuous illumination or continuous 
darkness do entrain them to a regime of imposed 12: 12-h cyclic 
presence and absence of the mother. The characteristics of this 
entrainment confer on the mother mouse the role of zeitgeber. 
Pregnant females of the field mouse M. booduga (14-16 g) 
were captured from the fields surrounding the university campus. 
The pregnant mice were maintained in continuous darkness 
(DD) at a temperature of 28+1°C and littered two to eight 
pups. For the first series of experiments two pups of either sex 
were selected from each litter. The animals for these experiments 


were from a total of 14 mothers and 28 pups. One pup was 
placed in continuous illumination (LL) of 0.5-0.7 lx incandes- 
cent light from day 5 of postnatal life whereas the other pup 
remained in DD. (A 12-h separation of the pups from the mother 
before day 5 resulted in excessive mortality.) Starting on day 5 
until day 15, the mothers were presented for 12-h periods alter- 
nately to pups in LL during 06:00-18:00 h and to pups in DD 
during 18:00-06:00 h. The circadian rhythm of the mother mice 
would have been entrained to the imposed light/darkness (LD) 
cycles while being alternately berthed with the pups. Food and 
water were available at all times. By day 16 of postnatal life, 
pups of M. booduga can already run the activity wheel indepen- 
dently. Their locomotor activity was measured from day 16 
onwards for about 4 weeks, individually using running wheels 
in the absence of the mother in the same lighting conditions as 
had prevailed before. The locomotor activity of the mother was 
also similarly recorded in DD from day 16 onwards. The revol- 
utions of the wheels were monitored with an A620X Esterline 
Angus event recorder. 

The mother mice began to be active at 18:00h on day 1 of 
the recording (day 16 after littering the pups) and the activity 
rhythm free-ran thereafter on subsequent days. The circadian 
rhythms in the locomotor activity of the pups in LL and those 
in DD revealed onsets of activity on day 1 of the recording 
which were 180° off course relative to each other and free-ran 
on the subsequent days. For each pup, this onset of activity 
coincided with the time at which the mother had been removed 
during entrainment. Figure la-c illustrates these trends. From 
these results we infer maternal entrainment of the circadian 
clock of pups. 

In a second series of experiments mother mice were again 
cyclically presented from day 5, but in this series the mice were 
presented beyond day 16 for a further 2-5 weeks. Sixteen days 
after littering, the mother mice were tethered by a 10-cm 
aluminium chain. The presence/absence (PA) cycles of the 
mother were continued as in the first series of experiments. The 
restricting chain meant that the mother mouse could not enter 
the activity wheel from the nesting cage whereas the pups could. 
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Fig.1 Double-plotted wheel-running activity of a field mouse 

mother in DD (a) and two of her pups, one in LL (b) and the 

other in DD (c). Activity bouts deflected the writing stylets, causing 

bands on the strip charts, and rest traced mere lines. Day 1 of the 

records is identical with day 16 of the animals after parturition. 

Free-runs of the activity rhythms of the LL pup (b).and DD pup 
(c) start ~12 h (180°) apart. 
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Fig.2 Double-plotted wheel-running activity of the pups. a, days 

1-18, LL and PA cycles of mother 12.12h; days 19-37, LL. b, 

Days 1-35, DD and PA cycles of mother 12' 12 h; days 36-60, DD. 

Presence of mother: LL pup, 06:00-18:00 h; DD pup 18:00-06:00 h. 

The presence of the mother 1s indicated by an open bar. Day 1 of 
the records is identical with day 16 of postnatal life. 


It was thus possible to measure the locomotor activity of the 
pups alone. Four mothers and eight pups were used in these 
experiments. 

Figure 2 illustrates the type of entrainment of the pups in LL 
and the pups in DD to the imposed 12:12-h PA cycles of the 
mother. During the days of entrainment, LL and DD pups ran 
the activity wheel only in the absence of the mother. Thus, the 
LL pups ran when the DD pups were huddled with the mother 
and vice versa. Consequently, entrainment in LL and DD pups 
ensues with the appropriate 180° displacement. When PA cycles 
of the mother were discontinued, the rhythm of the pups started 
to free-run with the onset of activity again coinciding with the 
time of removal of the mother during entrainment. The success- 
ful synchronization of the locomotor activity of the pups during 
PA cycles confirm the role of mother as zeitgeber. We propose 
that the social contact between mother and pup is taken by the 


LETTERS TO NATURE ———— n 


pup for subjective day (rest hours) and the absence of the mother 
is taken for subjective night (activity hours). 

In natural conditions, the pups are probably never directly 
exposed to environmental LD conditions, as these mice are 
burrow-dwelling animals. The mother mice stay inside the bur- 
row during the day and forage during the night. In the absence 
of any extra-retinal photoreceptors in mammals"', perception of 
whatever levels of ambient light intensities are available in 
burrows can only be through the eyes. These pups, being altricial, 
do not open their eyes until 12-14 days after parturition’ and 
may thus be unable to perceive LD conditions even if there is 
light in the burrows. Under these circumstances, the pups may 
well rely behaviourally on the mother and take her presence for 
day and absence for night. Such mother/infant interactions 
probably help the pups to maintain the phase relationship of 
the prenatally set Clock to that of the environment. This type of 
maternal contact is of ecological importance and helps to optim- 
ize the economy of the biological system and prepares the 
developing mammal for entry into the external environment. 

We thank Dr R. Subbaraj for discussions and the DST, 
Government of India, for financial assistance. N.V. is a Senior 
Research Fellow of the CSIR. 
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Presynaptic serotonin receptor-mediated 
response in mice 

attenuated by antidepressant 

drugs and electroconvulsive shock 
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Ligand-binding studies have demonstrated two types of serotonin 
(5-HT) receptor, 5-HT, and 5-HT,, in the brains of rodents’ and 
there is additional evidence for the existence of 5-HT, subtypes”. 
Recently a new drug, 8-hydroxy-2-(di- N-propylamino)tetralin (8- 
OH-DPAT), has been identified which shows high selectivity for 
binding to 5-HT, (possibly 5-HT,,) receptors” and which binds to 
presynaptic serotonin autoreceptors in some regions of rat brain*”*. 
We have shown previously, that this compound produces a 
hypothermic response in mice®’, probably via an agonist action 
at serotonin presynaptic receptors. Here we show that a wide range 
of antidepressant treatments decrease the hypothermic response 
to 8-OH-DPAT over a time course comparable to the onset of 
therapeutic action. Interestingly, repeated electroconvulsive shock 
(ECS) has the same effect. We propose that this change is relevant 
to the mechanism of action of antidepressant drugs. 

Male C57/B16/Ola mice (Olac, Bicester) were used 
throughout. The mice were housed in groups of eight in condi- 
tions of controlled temperature (20°C) and lighting (dark 
period: 1900-0700 h) and fed an ad libitum diet of 41B pellets 
and tap water. S -> 

The hypothermic response of the mice was determined by 
measurement of rectal temperature, all measurements being 
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Fig. 1 Effect of antidepressant drug administration on the 
hypothermic response of mice to 8-OH-DPAT. a, Tricyclic anti- 
depressants; b, zimeldine; c, mianserin; d, tranylcypromine. Mice 
were injected with amitriptyline (A, 20mg kg™' 1.p.), desipramine 
(D, 20 mgkg™! ip), zimeldine (Z, 20 mg kg™' i.p.), mianserin at 
either 2mg/kg 7! ip (M2) or 10mgkg™ ıp. (M10), tranyl- 
cypromine (T, 6 mg kg™' ip.) with control mice receiving saline 
ip (S) The mean temperature decrease+se.m. (bars) 20 min 
following 8-OH-DPAT (0.5 mg kg™! s.c ) is shown. Data presented 
show results 24h after 1 dose, 14 once-daily doses (or 35 doses in 
the case of tranylcypromine) and after 2 days withdrawal from 
chronic administration. Hypothermic responses are different from 
appropriate control as shown: *P <0 05; £P <0.005; tP < 0.001. 
There are no differences in basal temperature between the control 
groups and drug-treated groups at any of the times examined. 


made in a room with ambient temperature of 20 + 0.5 °C. Tem- 
perature was measured just before injection of 8-OH-DPAT 
(0.5 mg per kg subcutaneously, s.c.), a dose that produces about 
half the maximum response’, and 20 min later, the nadir of the 
response at this dose’. 

Groups of mice were injected intraperitoneally (i.p.) with 
antidepressant drugs and the temperature change following 
8-OH-DPAT examined 24h later. The mice were then given 
daily injections of antidepressant drugs for 13 more days; the 
effect of 8-OH-DPAT on rectal temperature was tested both the 
day after the last dose of antidepressent and after a further 48 h 
to examine the hypothermic response after withdrawal of the 
drug. 

One day of amitriptyline administration produces a slight 
attenuation of the 8-OH-DPAT-induced hypothermia (Fig. 1a), 
although the attenuation following desipramine and zimeldine 
was not statistically significant (Fig. 1a,b). However, after 14 
days of drug administration there is pronounced attenuation of 
the response following injection of all three drugs (Fig. 1). 
Indeed, the temperature decrease induced by 8-OH-DPAT is 
almost totally abolished both 20 min (Fig. '1) and 40 min. (data 
not shown) after 8-OH-DPAT. This attenuation is still present 
48 h after drug withdrawal, the decreased response being at least 
as marked in the amitriptyline-treated mice (Fig. 1). Thus, drugs 
displaying selectivity in inhibiting serotonin uptake (zimel- 
dine)*, noradrenaline uptake (desipramine)? and having an 
almost equal potency in inhibiting both amine-uptake pumps 
(amitriptyline)'° all have the same effect. Therefore, we next 
examined mianserin, a drug that has little effect on amine 
uptake’. At a dose (2 mg per kg) that profoundly inhibits 5-HT, 
binding and head-twitch behaviour’? it produces a modest 
attenuation after 14 days treatment (Fig. 1). However, a higher 
dose (10 mg kg~*) attenuates the hypothermic response after a 
single dose and this diminution of the response becomes marked 
after 14 days administration, decreasing somewhat 48h after 
withdrawal of the drug (Fig. 1). 
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Tranylcypromine produces no alteration of the 8-OH-DPAT- 
induced temperature change after 14, 21 and 26 days administra- 
tion but a major attenuation occurs by 35 days, which is still 
present after drug withdrawal (Fig. 1). The time required to 
alter this 5-HT, receptor-mediated response is the same as 
previously found necessary to decrease 5-HT, receptor number 
and the serotonin agonist-induced head-twitch behaviour’. 

Our next experiments tested the effect of repeated ECS on 
the response of mice to 8-OH-DPAT. After a course of one ECS 
daily for 10 days, ECS-treated mice show an attenuation of the 
8-OH-DPAT-induced hypothermic response which reaches a 
nadir (15% of the control response) 6 days after the last treat- 
ment and returns to 60% of control values by 18 days after the 
last ECS (data not shown). When the ECS was given in a manner 
more similar to the clinical administration of electroconvulsive 
treatment (ECT), that is, 5 ECS spread out over 10 days, the 
attenuation of the 8-OH-DPAT-induced hypothermic response 
occurs more slowly but is still present 24 days after the last ECS 
(Fig. 2). Anaesthetic administration alone has no effect on the 
response (Fig. 2). Finally, a similar attenuation is seen 3 days 
after the last of a course of ECS given twice weekly for 4 weeks 
(data not shown). 

The 8-OH-DPAT dose-hypothermic response curve is a con- 
ventional sigmoid”. Repeated ECS and amitriptyline shift this 
curve to the right in a similar fashion, suggesting that both the 
physical and pharmacological treatments produce a similar 
change inthe response. . 

To date there has been little biochemical characterization of 
5-HT, receptors in the mouse brain. However, their phar- 
macology clearly indicates that they do not have the same 
characteristics as those in rat brain®’. For example, (—) pro- 
pranolol is a poor antagonist of the 8-OH-DPAT-induced 
hypothermic response in the mouse’, but a good antagonist in 
the rat®°. The drug RU 24969 (5-methoxy-3-(1,2,3,6-tetrahy- 
dropyridin-4-yl)1H indole) which in the rat has been suggested 
to act at the 5-HT,, receptor’, does not induce hypothermia in 
rats"? or mice’, although it produces a striking motility syndrome 
in both species. This drug is antagonized by (—)propranolol in 
the mouse but not in the rat®. Furthermore, preliminary results 
have indicated that the locomotor response of mice to RU 24969 
is unchanged by the antidepressant regime reported here 
(G.M.G., R.J.D.S. and A.R.G., unpublished). Therefore, com- 
parison of ligand-binding data in rats with these functional 
responses in mice may be inappropriate. Certainly, previous 
studies on 5-HT, receptors in rat brain tissue have indicated 
that in general, few changes occur’ except after administration 
of monoamine oxidase inhibitors which cause a decrease in the 
number of 5-HT, binding sites'*. However, zimeldine, 
desipramine and imipramine have been reported to induce a 
two-component binding site consistent with ‘down-regulation’’’, 
and zimeldine (but not the tricyclic drugs) has been shown 
initially to depress the neuronal firing rate in the dorsal raphé 
nucleus, followed by a return to control values over 2 weeks 
suggesting serotonin autoreceptor desensitization’®. 

As it has been suggested that the 8-OH-DPAT-induced 
hypothermia results from an inhibition of serotonin release’, we 
asked whether the changes observed in our study could have 
resulted from an altered sensitivity of the postsynaptic serotonin 
receptor involved in the response, rather than an alteration in 
the presynaptic 5-HT, receptor. Our evidence, presented here, 
seems to exclude a 5-HT, postsynaptic change being responsible, 
as mianserin (2 mg per kg) produces a marked decrease in 
postsynaptic 5-HT, receptor number and function"! but has no 
effect on the hypothermic response. Furthermore, repeated ECS 
treatment has been shown to produce the opposite effect on 
5-HT, receptor number and function to other antidepressant 
treatments'’, but has the same effect on the 8-OH-DPAT- 
induced hypothermia. Nevertheless, the serotonin postsynaptic 
receptor involved in the temperature response has not yet been 
well characterized®’. 

Repeated administration of various antidepressant drugs 
(tricyclics, mianserin, iprindole, zimeldine and monoamine oxi- 
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Fig. 2. Effect of repeated ECS on the hypothermic response of 
mice to 8-OH-DPAT. The graph shows mean +s.e.m. (bars) tem- 
perature decrease in control (halothane anaesthesia, ©) and ECS 
(90 Y, 50 Hz, 1s through earclip electrodes to halothane-anaesthe- 

tized mice, @) 20 min after 8-OH-DPAT (0.5 mg kg™’ s.c.). The 
ECS-treated group shows a significantly smaller temperature 
decrease than the control group as shown: *P <0.05, * P < 0.005, 
+P <0.001. There is no difference in the basal temperature between 

the two groups at any time-point shown. 


-dase inhibitors) has been shown to decrease the density of the 
5-HT, site in the frontal cortex of rats!” and mice?! and also to 
decrease the 5-HT,-mediated head-twitch behaviour''’. No 
simple hypothesis has been proposed to link this change in 
5-HT, function to antidepressant activity because repeated ECS 
treatment, when given in a manner similar to the clinical 
administration of ECT, increases both 5-HT, receptor number 
and the 5-HT, receptor-mediated head-twitch behaviour''. Our 
data, reported here, provide the first demonstration that these 
diverse treatments can produce the same functional change in 
a serotonin-mediated effect. Note that, first, the change is seen 

-both during drug treatment and on withdrawal; second, the 
.. Change develops fully only after long-term treatment; third, only 

_. the higher dose of amianserin produces the change and current 

= recommendations’? favour higher doses than those originally 

used clinically; fourth, the highest doses of tricyclic anti- 

_ depressants used here are unlikely to produce plasma levels in 

_ excess of those achieved clinically’’; finally, repeated ECS pro- 

duces a profound and long- lasting effect. Therefore, subsensitiv- 

ity of the 5-HT, autoreceptor in specific brain regions may be 
a change induced by most antidepressant treatments and could 
serve as an important mechanism of their therapeutic action 
given the evidence for the involvement of serotonin in affective 
disorders”. 
G.M.G. holds a MRC Clinical Training Fellowship. We thank 
_ Astra, Ciba-Geigy, Organon and Smith Kline & French for the 
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Responses of developing tissues to experimental disruption dem 
strate that cell interaction i is important both in generating pos 
tional information and in controlling growth’. However, 
mechanism by which cells interact and the range over which th 
interactions are effective are not known. In the imaginal disks of 
Drosophila melanogaster, experiments on pattern regulation fol- 
lowing surgical ablation suggest that the cell interactions are very 
local in nature; in fact, most of the data can be explained by 
assuming that cells interact only with their immediate neighbours’. 
In contrast, studies of cell division patterns in the same tissue 
indicate that the ‘local’ proliferative response to an ablation 
extends over a distance of up to about eight cell diameters’. Still 
longer-range interactions have been proposed on the basis of 
theoretical considerations’. It is possible that the interactions are 
mediated by the transfer of small molecules through gap junctions, 
as gap junctions are abundant i in imaginal disks at the appropriate 
developmental stages’. We have explored the range, timing and 
directionality of dye coupling between the cells of the wing disk 
as a test of the possible role of gap junctions in imaginal disk 
patterning. Our results indicate that interactions over different 
ranges are possible depending on the nature of the molecule being 
transferred. | 

Dye coupling between the cells of the imaginal wing disk was 
monitored by the iontophoretic injection of either Lucifer yellow 
CH (ref. 6) or fluorescein complexon (Kodak) into one cell 
while observing the disk with an epifluorescence microscope. 
Both membrane potential measurements and direct observation 
of the injected dye were used to follow the progress of the dye 
injection and to ensure that the microelectrode tip remained 
within the impaled ceil during the iontophoresis. The membrane 
potential typically reported by Lucifer yellow and fluorescein 
complexon-filled microelectrodes were —4+2mV and —7.5+ 
4 mV, compared with -13 +4 mV recorded by KCI-filled micro- 
electrodes (all values: mean+s.d.; n=25). These differences: 
are presumably caused by tip potential effects. : 

Injection of Lucifer yellow resulted in a characteristic pattern 
of dye passage, with dye spreading within a few seconds to fill 
a distinct smail ‘cluster’ of cells with a sharp boundary (Fig 
la). As the dye showed an affinity for nuclei, it was possible to 
count or estimate the number of cells per cluster. Clusters 
consisted of up to ~20 cells in disks of all ages investigated ( 
3, 4 and 5 days after oviposition at 25 °C). The cluster was ofte 
not symmetrical about the microelectrode tip, and further injec 
tion did not cause the dye to spread beyond the initial cluste 
A second dye injection into another cell in a given cluste 
increased the fluorescence of the entire cluster, but did not le 
to further dye spread. Thus, it is unlikely that the restrictio: 
observed was caused by either the dye being sequestered by th 
cells or the injected cells dying and thereby limiting the passag 
of the Lucifer yellow. Sequestration would not generate th 
same pattern after a second injection and cell death shoul 
uncouple the cells of the cluster from one another. An injecti 
into a cell close to a dye-filled cluster resulted in a neighbourin, 
cluster of dye-filled cells. Dye passage within a cluster does 1 
seem to be caused by the presence of cytoplasmic brid; 
between cells as only ~5-10% of imaginal disk cells are jo 
by such bridges (J. S. Ryerse, personal communication): Furth 
more, when a large dye (fluorescein dextran) was: injected 
found that only single cells or pairs of cells were filled (F 
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3d), in agreement with previous work using horseradish peroxi- 
dase’. Although the boundaries to the Lucifer yellow-filled 
clusters were distinct and often rather straight, their positions 
do not seem to be reproducible, as demonstrated by comparing 
the cluster positions in either the left and right imaginal wing 
disks of the same animal or the disks of different animals (Fig. 
1b). 

Fluorescein complexon injection produced a smooth, graded 
pattern of dye passage, with no sharp boundaries to dye spread 
(Fig. 2). In young disks (2 days after oviposition), the dye spread 
to fill most or all of the epithelium. In 3-day disks, the dye filled 
a substantial fraction of the epithelium, with the edges of the 
filled region showing smooth gradients of fluorescence. In 4- 
and 5-day disks, the dye passage was also smooth and graded, 
but injection into the perimeter of the wing pouch resulted in 
predominantly circumferential spread of the dye about the wing 
pouch, with a much smaller radial spread (Fig. 2). The circumfer- 
ential folding pattern of the disk epithelium could have con- 
tributed to this pattern by increasing the distance the dye must 
pass through the tissue for a given linear distance when viewed 
from above; however, the asymmetry of the dye passage seemed 
to exceed that expected from the distortion produced by folding. 
A second dye injection into a previously filled region of the disk 
epithelium resulted in additional spread of the complexon, with 
no noticeable boundaries to the smooth spread of the dye. 

The reasons for the different patterns of passage of Lucifer 
yellow and fluorescein complexon are unclear, but probably 
involve either the different sizes or the different chemical natures 
of the two dyes. Although fluorescein complexon is heavier than 
Lucifer yellow (relative molecular mass (M,) for ions 618 com- 
pared with 443), measurements made from CPK molecular 
models indicate that Lucifer yellow is at least 1 A larger along 
its semi-major axis. Both dyes are negatively charged and seem 
to exist as divalent ions in physiological solutions according to 
vapour pressure osmometry (D. Woodbury, personal communi- 
cation); however, their chemical properties are not entirely the 
same. Lucifer yellow has amino and sulphate groups exposed 
on its surface, whereas complexon has carboxyl groups exposed. 
Perhaps reflecting these chemical differences, Lucifer yellow 
demonstrated an affinity for cell nuclei in Drosophila, in contrast 
to fluorescein complexon which showed no such affinity. The 
difference in passage is unlikely to result from fluorescein com- 
plexon moving between cells through non-junctional mem- 
branes as the dye did not demonstrate noticeable membrane 
permeability when injected into the lumen or onto the surface 
of the disk. The lumen of the disk was injected with ~100 times 
the dye normally injected in our experiments and the margin 
of the disk was periodically examined for up to 30 min. The 
injected dye filled the entire lumen but left the epithelial cells, 
visible at the margin, unfilled (Fig. 3c). In contrast, intracellular 
dye fills showed fluorescence extending to the margin of the 
disk (Fig. 3a). When injected into different regions of larval 
salivary glands, fluorescein complexon revealed cell coupling 
only in those regions known to be coupled (based on Lucifer 
yellow injections and electrical coupling measurements). Fluore- 
scein complexon is therefore a suitable membrane-impermeant 
dye for studying dye passage between insect cells. 

Our analysis of the patterns of Lucifer yellow (248 successful 
injections) and fluorescein complexon (137 successful injec- 
tions) passage demonstrate that there are no reproducibly posi- 
tioned boundaries to dye passage, and that there is no correlation 
between the patterns of dye passage and the lineage restriction 
boundaries (compartment boundaries) described earlier™’. This 
conclusion is valid for both the dorso-ventral and antero- 
posterior lineage restriction boundaries, even though recent 
work indicates that the two restrictions are maintained by 
different mechanisms”. Our interpretation of the patterns of 
dye passage is different from that proposed by Weir and Lo”"', 
who concluded that there were defined boundaries to the dye 
passage, some of which coincided with compartment boun- 
daries. The reasons for this difference are unclear, but are likely 
to be the product of the less stringent superposition criteria used 
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Fig. 1 Passage of Lucifer yellow in the imaginal wing disk. a, 
Pattern of dye passage in a 3-day-old imaginal wing disk following 
five sequential injections at different locations in one imaginal disk. 
The dye spread to a discrete group of cells from each injection, 
filling a cluster of about 20 cells (injected cell marked with an 
asterisk). This photograph was taken with a combination of phase 
and epifluorescent illumination so that the dye-filled clusters and 
the boundaries of the disk could be observed and compared. b, 
Superposition of the data from 39 dye injections in seven 3-day-old 
disks, demonstrating no consistent boundaries of the dye-filled 
clusters. Similarly, no consistent boundaries could be found in 2- 
or 4-day-old disks. In making comparisons of dye spread patterns, 
data were accepted only if the disk was undamaged and undis- 
torted. 

Methods. a, Imaginal disks were dissected from larvae of the OreRC 
strain in Drosophila Ringer's solution’ and allowed to settle onto 
a cleaned microscope slide, with the peripodial membrane touching 
the slide. The slide was mounted on the stage of a modified Zeiss 
UEM compound epifluorescence microscope and observed with a 
Zeiss filter set for Lucifer yellow fluorescence. The microscope was 
equipped with electronic shutters on phase and fluorescence light 
paths to minimize the exposure of the cells to wavelengths of light 
that could cause phototoxicity of dye-filled cells. The cells were 
impaled with thin-walled aluminosilicate microelectrodes (resist- 
ance 35-100 M0) using negative capacitance ‘ringing’ of the micro- 
electrode or very brief depolarizing pulses of current. The tip shape 
and glass composition were both important for reliably recording 
a membrane potential with the dye-filled electrodes. The membrane 
potentials recorded by the dye-filled electrodes were used to 
confirm that the cell had been successfully impaled. The Lucifer 
yellow in the microelectrode (3% solution of the dilithium salt; 
Aldrich or Molecular Probes) was iontophoresed into the cells for 
2-4 min, with 1-4 nA delivered as 250-ms pulses at 2 Hz, supplied 
by the current-passing microelectrode amplifier (NeuroData 
Instruments). The time constant of the microelectrode was fast 
enough to determine the membrane potential of the injected cells 
in the inter-pulse interval without the use of a bridge circuit. The 
membrane potential was assayed continuously with a digital 
storage oscilloscope (Gould), and the passage of the dye was 
monitored briefly at intervals with the epifluorescence microscope. 
b, The dye passage patterns were superimposed on a standard 
diagram of the disk, with alignment based on the anterior, posterior 
and distal margins as well as the no. 2 fold'*. Photographs of 
individual disks were projected onto the diagram and slight size 
differences caused by developmental asynchrony were equalized 
by changing the magnification, using the antero-posterior 
dimension as the size criterion. As disk shape is highly reproduc- 
ible, this method allowed accurate superposition of cluster outlines. 


by Weir and Lo. Two different types of dye fill were reported 
by Weir and Lo’; long-term (28-61 min) fills in which Lucifer 
yellow spread to fill a large fraction of the disk, and short-term 
(up to 5 min) fills in which either Lucifer yellow or carboxy- 
fluorescein spread to a relatively small group of cells. Although 
some of their short-term Lucifer yellow fills were shown his- 
tologically to be intracellular, this was not the case for many of 
the long-term Lucifer yellow fills used to support the claim of 
gap-junctional communication compartments. Membrane 
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Fig.2 Patterns of dye passage after injec- 
tion of fluorescein complexon into 4-day- 
old disks. a-d, Fluorescence; e-h, bright- 
field microscopy. The dye passed 
smoothly from the impaled cells, without 
the sharp boundaries observed with 
Lucifer yellow. Experimental conditions 
were as described in Fig. 1, except that 
the microelectrodes were filled with 100 
or 200mM fluorescein complexon 
(Kodak) and filter sets appropriate for 
fluorescein fluorescence were used. x200., 





potentials, which can be used to verify the intracellular location 
of the electrode tip, were not recorded by Weir and Lo. Several 
of the long-term fills (Figs 1, 2 in ref. 11; Fig. 1 in ref. 7) do 
not reach the edge of the disk, but instead resemble the fluores- 
cence patterns seen in our lumen fills (Fig. 3c, e). We have not 
found it possible to maintain stable impalements of the small, 
highly columnar imaginal disk cells for periods comparable with 
those claimed for their long-term fills’''. We therefore suggest 
that in the long-term fills much of the fluorescence is from dye 
that leaked into the disk lumen or into the space between the 
disk and the substrate, and that the apparent barriers to dye 
passage are caused by either natural or accidental folds in the 
disk epithelium. Weir and Lo also use their short-term fills to 
support their claim of communication compartments, but their 
data do not support the claimed consistency in positions of 
dye-fill boundaries. 

The lack of correspondence between the compartment boun- 
daries in the wing disk and the dye-passage patterns contrasts 
with the finding that the insect body-segment boundary corre- 
sponds with a boundary to dye passage’*’*. It has been proposed 
that the insect segment represents a unit of repeated positional 
information; thus this physiological isolation of the segments 
from one another may have functional connotations. In contrast, 
the wing disk does not seem to possess repeated units of posi- 
tional information, but instead behaves as a single morpho- 
genetic field’*. 


Fig. 3 Fluorescent dye patterns following 
injection of fluorescein complexon or fluore- 
scein dextran intracellularly or into the lumen 
of the disk. a, Intracellular injection of fluore- 
scein complexon leads to a dye passage pattern 
that reaches the very edge of the disk epithelium 
as seen in bright-field microscopy (b). In con- 
trast, injection of the dye into the lumen of the 
same disk (c) generates a smooth pattern that 
never reaches the margin of the disk, but instead 
remains one cell height from the margin. The 
cells visible at the margin of the disk remained 
unlabelled with the fluorescein complexon, 
indicating that the dye is a suitable membrane- 
impermeant tracer for cell-coupling determina- 
tions. The photograph in c was taken after the 
dye shown in a was intentionally bleached by 
exposure to the intense blue light of the fluores- 
cence illuminator. d, e, Intracellular injection 
of fluorescein dextran (M_10,000; Molecular 
Probes), which is too large to pass through the 
gap junction channel, labels one or two cells 
(d, fluorescence; e, combined fluorescence and 
bright-field). The lumen of the disk was injected 











Our results demonstrate the cell-to-cell transfer of two tracer 
dyes, and indicate that small molecules may travel over distances 
corresponding to several (Lucifer yellow) or many (fluorescein 
complexon) cell diameters in the imaginal disk. The discrete 
nature of the passage of Lucifer yellow to a cluster of up to 20 
cells was not reflected in the longer-range passage of the slightly 
smaller dye, fluorescein complexon. The restriction of the 
Lucifer yellow spread could result from selectivity differences 
as suggested to explain the dye coupling restriction at the insect 
segment border'*'*; however, it remains possible that the restric- 
tion of the Lucifer yellow dye-passage is a function of its 
chemical nature. 

Although much of the data on pattern formation and growth 
control in imaginal disks can be adequately explained by nearest- 
neighbour cell interactions’, our results demonstrate that longer- 
range signalling is also possible. The two distinct distances over 
which dye passage was observed show some interesting 
similarities to those predicted by experimental and theoretical 
work. For example, the range of the proliferative response to a 
partial ablation of the disk’ and the size of the zone of non- 
proliferating cells at the dorso-ventral lineage restriction line’ 
are both very similar to the range of the Lucifer yellow dye 
passage. The differences in behaviour of the two dye molecules 
suggest that biologically important signalling molecules can be 
transferred through gap junctions over different ranges depend- 
ing not only on the selective properties of the gap junction, but 





with fluorescein complexon for comparison. The fluorescein dextran fill demonstrates that dye passage through cytoplasmic bridges does not 
contribute to the patterns of dye spread observed following intracellular injection of either Lucifer yellow or fluorescein complexon. Comparison 
of the fluorescein dextran fill with the pattern of spread following injection of dye into the lumen of the disk further highlights the difference 
between the patterns observed from dye within the cells and in the extracellular space. Scale bar, 25 um. 














































































a T on , differences in ffinity. of the signalling molecules with 
receptors and differences in the rates of synthesis and 
radation of these molecules. 

This investigation was supported by NIH grant HD06082 and 
NSF grants BNS 80-23638 and BNS 84-06307. 











Received § july; accepted 6 August 1985, 


: French, V., Bryant, P.J, & Bryant, 5: V. Science 193, 969-981 (1976). 

Held, L. L, Jr & Bryant, P. J. in Pattern Formation. A Primer in Developmental Biology (eds 
. Malacinski, G, M, & Bryant, S. V.) 291-322 (Macmillan, New York, 1984). 

| Brochta, D. A. thesis, Univ. California, Irvine (1984), 

einhardt, H. in Pattern Formation: A Primer in Developmental Biology (eds Malacinski, 
G. M. & Bryant, $. V.) 47-72 (Macmillan, New York, 1984). 

verse, J. 5. Wilheim Roux Arch dev. Biol. t94, 335-339 (1982). 

awart, W. W. Nature 292, 17- 21 (1981): 

eit, M. P. & Lo, C W. Deol Biol 102, 130-146 (1984). 

Garcia-Bellido, A., Ripoll, P: & Morata, G. Nature new Biol 245, 251-253 (1973). 

}. Brower, D. L., Lawrence, P, A. & Wilcox, M. Dev! Biol. 86, 448- 455 (1981), 

. O'Brochta, D. A. & Bryant, P. J. Nature 313, 138-141 (1985). 

; Weis, M. P. & Lo, C. W. Proc. natn, Acad. Sci, U.S.A. 79, 3232-3235 (1982). 

AR. Warner, A. E. & Lawrence, P. A. Cell 28, 243-252 (1982). 

Blermerhassett, M. G. & Caveney, S. Nature 309, 361-364 (1984). 

Bryant, PJ. J exp. Zool 193, 49-78 (1975). 

US. Sehubiger, G. Dev! Biol. 26, 277-295 (1971). 





GTP-binding proteins couple cardiac 
muscarinic receptors to a K channel 


Paul J. Pfaffinger*, Jennifer M. Martint, 
Dale D. Huntert, Neil M. Nathanson? & Bertil Hille” 


Department of Physiology and Biophysics and + Department of 
Pharmacology, University of Washington School of Medicine, 
Seattle, Washington 98195, USA 





Binding of acetylcholine (ACh) to cardiac muscarinic ACh recep- 
-tors (mAChR) activates a potassium channel that slows pacemaker 
_activity’™. Although the time course of this activation suggests a 
multi-step process with intrinsic delays of 30-100 ms**, no second- 
“messenger system has been demonstrated to link the mAChR to 
‘the channel. Changes in cyclic nucleotide levels (cyclic AMP and 
-cyclic GMP) do not affect this K channel or its response to 
muscarinic agonists”*. Indeed, electrophysiological experiments 
_ argue against the involvement of any second messenger that diffuses 
through the cytoplasm’. We report here that coupling of the 
~ mAChR in embryonic chick atrial cells to this inward rectifying 
-K channel requires intracellular GTP. Furthermore, pretreatment 
of cells with IAP (islet-activating protein from the bacterium 
Bordetella pertussis) eliminates the ACh-induced inward rec- 
tification. As IAP specifically ADP-ribosylates two (GTP-binding 
proteins, N; and N,, that can interact with mAChRs”®, we conclude 
that a guany! nucleotide-binding protein couples ACh binding to 
channel activation. This represents the first demonstration that a 
GTP-binding protein can regulate the function of an ionic channel 
ithout acting through cyclic nucleotide second messengers. 

onic currents of single atrial cells were studied using the 
ole-cell voltage-clamp technique''’’, in which the recording 
ette is sealed against the cell and the underlying membrane 
roken by a pulse of suction, allowing the solution inside the 
ette to equilibrate with the cytoplasmic contents. By using 
embryonic cells and relatively large pipettes, we sought 
achieve. a more ‘rapid. equilibration than in previous work 
“adult atrial cells. Figure 1A shows typical ionic currents 
bathing solution containing 25 mM potassium recorded 
ini after the whole-cell voltage clamp was established. As in 
er cardiac cells'®, hyperpolarizing voltage steps evoke large 
inward currents carried by K* ions, and depolarizing steps evoke 
only small outward K currents. The high conductance for inward 
K. currents and low conductance for outward K currents is a 
characteristic sign of inward rectifying K channels. In these cells 
the K current is totally activated within a few milliseconds after 
the voltage step. In ventricular cells this background current is 
often termed fk; however, in our atrial cells we will call it 











Fig. 1 Acetycholine-induced currents in a single embryonic chick 
atrial cell. A, Whole-cell currents in 25 mM external K recorded 
under voltage-clamp conditions after -equilibration with the 
pipette/intracellular solution for 5 min: The stable current level 
recorded from other cells varied considerably; however, the form 
of currents seen here is typical. The cell was held at ~56mV and 
currents were recorded during 80-ms voltage steps from —104 to 
+40 mV in 16-mV increments. Current records were recorded _ 
online onto a RACAL FM tape recorder, and were later filtered 
at 500 Hz and digitized into a LM” minicomputer. B, Whole-cell 
currents in the same cell recorded after the addition of 104M 
ACh. ACh was added immediately after the currents in A were 
recorded. Currents were recorded again after 1-2 min to determine 
the effect of ACh. Voltage steps and recording procedures were 
identical to those in A. C, ACh-activated current obtained by 
computer subtraction of the records in A from those in B. D, 
Current-voltage relation for the ACh-activated K current in the . 
same ceil. All records were analysed by computer for the steady 
current level at the end of the 80-ms voltage step. | 
Methods, Cells from 9-day-old embryonic chick atria were enzy- 
matically dispersed”? and plated at a low density (5 x 10° cells per 
dish) in 35-mm tissue culture dishes to grow as single cells. After 
growth for 2-4 days at 37°C in culture medium”? supplemented 
with 5% fetal calf serum, the single cells were spontaneously active. 
Beating could be arrested by addition of ACh. For most experi- 
ments, the external medium was changed to 25mM K/avian 
Ringers (100mM NaCl, 25mM KCI, 2.5mM CaCl,, 4mM 
MOPS/NaOH, pH7.3) at 21-25°C. Single atrial cells with 
dimensions less than 15 x 40 yum were selected for electrical record- 
ings via the whole-cell voltage-clamp technique''’*. The use of 
small cells facilitated intracellular perfusion with pipettes of 2- 
4M0 resistance. The cells were allowed to equilibrate with 
pipette/intracellular solution (100 mM K aspartate, 20 mM KCI, 
5mM NaCl, imM MgCl, 1mM EGTA, 1.5mM ATP, 100 uM 
GTP, 5 mM MOPS/ KOH, pH 7.4) for 5 min before the experiment 
with ACh began. ACh (8 pl of 2mM ACh dissolved in normal 
avian Ringer’s) was added to the external solution to obtain a final 
concentration of 5-10 uM. 


simply ‘background K current’ as two types of K channels are : 
believed to contribute to it'*, Addition of 104M ACh to the 
bath (Fig. 1B) increased currents by 50% in response to hyper- 
polarizing and depolarizing voltage steps; subtracting the — 
records without ACh from those with ACh gives the ACh- > 
induced component (Fig. 1C). Its steady-state current-voltage 
relation is steep for inward current and shallow for outward 
current (Fig. 1D). Like the background current in untreated” 
cells, the ACh-induced current Shows - . marked inward ae 
rectification. 
We first show that the receptor involved i isa mAChR and that on 
the channel it activates is an inward rectifying K channel, asin - 
cardiac cells from other species” 15-17. Atropine is a selective ` 
antagonist of the muscarinic action of ACh. In all of five experi- -i 
ments atropine. (10 uM) prevented the induction by ACh o 
additional K conductance. Several criteria were used to identify 
the type of channel involved. Figure 2. shows ACh-induced 
currents for different cells bathed in external solutions contain: 
ing 2.5, 25 and 100 mM K. The zero-current potential shifts with 
external K concentration, as required for a K-selective channel, — 
and the range of potential in which rectification occurs shifts 
by the same amount, a property unique to inward rectifying K 
channels. The ACh-induced current and the background K 
current have similar current-voltage relations and both are fully | 
activated within a few milliseconds; both could be blocked by 
1 mM Ba’* or r by 1mM Cs* , as expected for inward rectifying 
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Fig.2 Current-voltage relations for the ACh-activated K current 
recorded in three different cells bathed in external solution contain- 
ing 2.5 mM (0), 25 mM (A) or 100 mM (O) K. Measurements as 
in Fig. 1 except that the holding potential was adjusted to be near 
the expected reversal potential. All solutions were identical to those 
in Fig. 1 except for an equimolar substitution of KC] for NaCl in 
the external solutions to create the different K concentrations. 
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Fig. 3 The averaged current-voltage relations in 25 mM external 
K for the ACh-activated K currents in cells recorded either with 
100 1M GTP (@, n = 6) or without GTP (A, n =6)in the pipette/in- 
tracellular solutions. The experimental procedure was as in Fig. 1, 
except that we alternated between the normal pipette intracellular 
solution containing 1004M GTP and an identical one lacking 
GTP. Recordings were evaluated both for minimal response, as 
outlined in the text, and for the averaged response to 10 uM ACh. 
Cells recorded without GTP were found to be significantly less 
responsive to ACh. 


K channels'*. Nevertheless, the ACh-induced and background 
K currents may involve different channels”''*. 

After finding a temporal correlation between the appearance 
in the embryo of muscarinic slowing of heart rate and changes 
in the isoelectric points of N-proteins, Halvorsen and 
Nathanson" suggested that the GTP-binding protein N, has a 
role in mAChR-mediated negative chronotropic response. To 
determine whether intracellular GTP is required for ACh- 
induced K currents, we made recordings from cells using pipettes 
containing either 100 uM or no GTP. Of six cells recorded 
without GTP in the pipette, none showed any response to ACh 
addition, where our criterion for a minimal acceptable response 
was an increase in inward rectification with an inward slope 
conductance greater than 300 pS. All of six cells recorded with 
GTP in the pipette showed at least the minimal response. The 
average of the induced currents for these two groups of cells 
(Fig. 3) shows that in the absence of intracellular GTP, ACh 
fails to induce significant K current. The background K current 
(not shown) was present even without GTP in the pipette. In 
15 cells recorded with GTP in the pipette, we monitored the 
background K current during the first 5 min after establishing 
the whole-cell voltage clamp; in four cells the K currents 
increased spontaneously during this period. In 10 of 11 cells 
with steady background K currents, K currents increased after 
application of ACh. 
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Fig. 4 ADP-ribosylation of GTP-binding proteins by IAP pre- 
vents the activation of inward rectifier K channels by ACh. A, 
Averaged current-voltage relation for the ACh-induced currents 
in 25 mM external K, recorded with 100 uM GTP inside the pipette. 
Cells exposed for 24h to IAP (A, n=8) were significantly less 
responsive to 10 4M ACh, The averaged current for all untreated 
cells (@, n =9) shows a clear inward rectification similar to that 
in Fig. 3. All experiments were as described in Fig. 1 except that 
in the case of the IAP-treated cells, the culture medium was 
exchanged for one containing 5-20 ng ml~' IAP, 24h before the 
experiments began. No obvious damage to the cells or changes in 
the resting K currents could be seen in cells exposed overnight to 
IAP. B, Autoradiograph of a one-dimensional SDS-polyacrylamide 
gel of IAP-labelled membranes. Lane a, membranes from control 
cells, labelled with **P-NAD in the presence of IAP; b, membranes 
from control cells, labelled with **P-NAD in the absence of IAP; 
c, membranes from cells treated in culture with IAP (5 ng ml~') 
for 24h, then labelled with **P-NAD in the presence of IAP. 
Cultured embryonic chick heart cells (50 ug membrane protein per 
35-mm dish) were incubated in the presence or absence of IAP 
(Sng ml~') purified by the method of Sekura™. After 24h, cells 
were washed in phosphate-buffered saline (10mM_ phosphate, 
pH 7.5), homogenized in 50 mM sodium phosphate buffer, pH 7.5, 
and resuspended in 100 mM Tris-HCl, pH 8.0. Membranes were 
labelled with IAP plus **P-NAD and analysed by SDS-gel 
electrophoresis and autoradiography"®. 


The dependence of K-channel induction on GTP could imply a 


a novel requirement for GTP to be bound to the K channel, or 


it could mean that mAChR activation is communicated tothe — 


channel via a GTP-binding protein. For example, the muscarinic 
inhibition of adenylate cyclase is known to act through the 
GTP-binding protein N,, and the toxin IAP, which ADP-ribosy- 
lates Nj, blocks this inhibition'’”°. We therefore set up an 
experiment to test for the involvement of an IAP-sensitive coup- 
ling protein. In vitro incubation of atrial cell membrane fractions 
with IAP and **P-NAD resulted in ADP-ribosylation of two 
polypeptides with relative molecular masses of 41,000 (41K) 









and 39K (Fig. 4B, lane a), corresponding to the a-subunits of . 


the guanine nucleotide-binding proteins N, and No, respec- 
tively'*?'. When cultures were pretreated with IAP, no polypep- 


tides were labelled in vitro (Fig. 4B, lane c), indicating that this 


pretreatment of intact cells suffices to ADP-ribosylate all avail- 
able N; and N,. We looked for ACh-sensitive K currents using 
pipettes containing 100 uM GTP in cells pretreated with IAP; 
only one of eight cells showed a significant muscarinic response 
to ACh addition. The control cells showed responses above the 
minimal level in seven out of nine cells. The average induced 
currents for these two groups of cells (Fig. 4A) show that IAP 
treatment blocks the coupling of mAChR to inward rectifying 
K channels. The background K current (not shown) remained 
present in IAP-treated cells, and it did not increase during the 
first 5 min after GTP-containing pipettes were sealed onto the 
cell. 

Our results demonstrate that the atrial muscarinic receptor 
interacts with an inward rectifying K channel through a GTP- 
binding protein such as N; or N,. Thus, in contrast to the 
nicotinic AChR in which a single protein molecule binds 





























































d the K channel it regulates appear to be distinct molecules. 

The involvement of GTP-binding proteins may be a common 

feature of all mAChR-mediated responses. _ 
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Guanine nucleotide binding proteins, interchangeably called N or 
G proteins, seem to be the primary signal-transducing components 
of various agonist-induced cell membrane functions’. In the 
heart, G proteins have been implicated in B-adrenergic modulation 
of the slow inward Ca”” current. We have investigated the role of 
G proteins in muscarinic activation of an inwardly rectifying, 
acetylcholine (ACh)- induced K* current (1 ach), and B-adrenergic 
tivation of an (isoprenaline)-induced Ca** current (1). Here 
port that intracellular application of the non-hydrolysable 
inalogue 5 ‘~guanylylimidodiphosphate (GppNHp) brought 
an agonist-induced, antagonist-resistant, persistent activa- 
of Laca and Ii This functional uncoupling of channel from 
y suggests that the muscarinic receptor and the Faca channel 
separate. molecular structures: Membrane conductance 
nses to sequential activation of muscarinic and B-adrenergic 
s demonstrate that in contrast to the muscarinic inhibition 
muscarinic stimulation of I<, is mediated by a G protein 
mp tie that. does. not involve adenylate. cyclase. Taken 





ee “ib by nacht: the Séutral prne remains nran acti- 
k thereby transforming the cell so that it no longer responds 
bsequent homologous rec eptor-mediated signals. 
broken-patch technique” was used to voltage-clamp si ingle 
cells obtained by enzymatic dissociation of bullfrog atria’. 
i la shows that, in agreement with previous observations’, 
t eee of 14M ACh evokes an loved rectifying 


eurotransmitter and also acts as an ion channel, the mAChR | 


| K* current a ach) which i is fully blocked 0. 5 SuM atropine, a 


muscarinic antagonist. I,.,, dissipates on removal of ACh; the © 
membrane current returns to control levels following a 4-6 min 
superfusion with ACh-free Ringer’s solution, and the cell 
responds to repeated applications of ACh (data not shown). — 
_ As binding of agonists to muscarinic receptors is modulated 
by guanine nucleotides®, it is reasonable to suppose that mus- 
carinic activation of I,c¢, is mediated by a G protein. This 
hypothesis was tested by examining the effects of intracellular 
GppNHp on the development of Faca. Bath application of ACh 
to a cell loaded with GppNHp through the patch pipette also 
evokes an inwardly rectifying current (Fig. 1b). The current- 
voltage (I-V) relationship for this current is similar to that 
observed in the absence of GppNHp, and is therefore identified 
as Iach However, in Gpp NHp-treated cells Taca is not blocked 
by application of atropine, nor does Iaca dissipate on removal 
of ACh; superfusion of the cells for up to 15 min with ACh-free 
Ringer's solution had no effect on {acn (data not shown). These 
results demonstrate that guanine nucleotides are involved in the 
muscarinic receptor-induced activation of acn, and suggest the 
involvement of a G protein. The results also demonstrate that 
GppNHp functionally uncouples the Iaca channel from the 
muscarinic receptor, since atropine or removal of agonist does 
not decrease lacy in the presence of GppNHp. It ts tempting 
to conclude that functional uncoupling also reflects a physical 
uncoupling, and that the muscarinic receptor and the inwardly 
rectifying K* channel responsible for I,c, reside on distinct 
proteins. There is indirect physiological and biochemical sup- 
port for this contention. For example, in embryonic chick heart, 
muscarinic receptors appear before guanine nucleotide-sensitive 
binding, and functional coupling to adenylate cyclase or lach 
is absent until guanine nucleotide sensitivity is achieved’. Our 
results support the notion that a GTP binding protein, which 
we denote here as Gg, mediates the muscarinic activation of 
the Zaca GppNHp maintains the conductive channel state, 
implying that under normal physiological circumstances, hydro- 
lysis of GTP is necessary to return the channel to an agonist- 
responsive state. Note that in frog heart, Gpp NHp neither alters 
binding capacity nor causes irreversible binding of ACh"’. 

B-Adrenergic activation of I; is known to be mediated by a 
G protein, G., interacting with the adenylate cyclase*. For com- 
parison with the results obtained for I acy, the effects of GppNHp 
on B-adrenergic receptor activation of I; are shown in Fig. Ic, 
d. In the absence of GppNHp (Fig. 1c) bath application of 1 yM 
isoproterenol causes a large increase in L, which can be fully. 
blocked by application of 14M propranolol, a B-adrenergic 
antagonist. While there is a slight ‘run-down’ of I; (see Fig. 1 
legend), superfusion of the cell with isoproterenol-free Ringer's 
rapidly (within 3-5 min) reduces J,; to control values (data not 
shown). With GppNHp in the pipette (Fig. 1d) isoproterenol 
also induces increases in Z; which, in contrast, are not blocked 
by propranolol or reduced by removal of agonist. Biochemical l 
studies of frog erythrocyte membranes have demonstrated an — 
isoproterenol-induced increase in cyclic AMP production which, — 
in the presence of GppNHp, was not. inhibited by propranolol. ae 
or reversed by dilution of the assay medium! . Our observation 
of a persistent, propranolol-resistant activation of F; in the — 
presence of GppNHp reflects an irreversible activation of adeny- 
late cyclase via G,, leading to increased levels of calcium channel 
activation. n 

Intracellular GppNHp alone (for example, 0.1 mM GppNHp aS 
in the pipette without agonist in the bathing solution) had no 
effect on the membrane currents during the time course of our. 
experiments, up to 30 min. Formation of the activated G protein a 
must therefore be preceded by stimulation of the appropriate ~ 
receptor. This observation is consistent, with the behaviour of 
G proteins in cell-free preparations’’. Furthermore, if we 
assume that the activated form of the G protein is G: -GppNHp, £ 
our results also imply that GDP-GppNHp exchange is negli- 
gibly slow. 

Muscarinic receptors interact with a pertussis toxin-sensitive, . 
inhibitory, guanine nucleotide binding regulatory protein, G; 




























































Fig. 1 Effect of intracellular GppNHp on ACh- 
_ induced inwardly rectifying K* current (Iicn) and 
`- isoproterenol-induced slow inward current (I). Inch 
(a, b} was calculated by subtracting the control currents 
{no drug) from the current measured in the presence of 
14M ACh (OQ) or of 1 pM ACh plus 0.5 uM atropine 
(0). The currents were taken at 200 ms to minimize 
contamination from transient currents and the slow out- 
ward K* current'*, For these experiments, 0.5 mM 
CdCl, was added to the standard bathing solution to 
_ block Iu. a, A typical I,¢,- V pair (from 20 similar pairs) 
for a cell held with a control pipette containing no 
--GppNHp. b, A typical Iaca- V pair (from seven similar 
_ pairs) for a cell held with a GppNHp-containing pipette. 
~ IT, (6 d) was calculated by subtracting the control peak 
» inward current, small in the absence of drugs, from the 
. peak inward current measured in the presence of 1 pM 
-. isoproterenol (©) or of 1 uM isoproterenol plus 1 pM 
~u propranolol (A). For these experiments, 0.2 mM BaCl, 
was added to the standard bathing solution to block K* 
currents. c, A typical L- V pair (from three similar pairs) 
for a cell held with a control pipette. d; A typical IL- V 
pair (from three similar pairs) for a cell held with. a ! oe an e 
GppNHp-containing pipette. There is an observable run-down of the isoproterenol-induced F; in the absence or presence of GppNHp, 
< ‘tyj2 12-15 min, which accounts for the slight decrease in L; after addition of propranolol in the presence of. GppNHp. This probably reflects 
-. adepletion of cellular ATP as a result of constant adenylate cyclase stimulation, as repeated brief pulses of isoproterenol followed by washout 
--¢an elicit the same peak stimulation. Control- experiments performed in the absence of Ba’? or.Cd?* produced similar results, the analysis of 
which is rather complex. Therefore, we preferred to use the selective chantel blockers. pee i E 
Methods. Single myocytes were prepared from atria of the bullfrog Rana catesbeiana by enzymatic dissociation®. The whole-cell patch-clamp ne 
technique” was used to establish electrical. contact with cell interior. The patch pipettes were fabricated from square-bore borosilicate glass 
using a single pull, and were filled with 100 mM KCI (control pipettes), or 100mM KCI, 0.1 mM GppNHp (Sigma), I mM HEPES pH 7.4. 
(GppNHp pipettes). For the range of pipette resistances selected (10-14 MQ), the exchange of solute between pipette and cell interior was. 
sufficient to produce a saturation of the nucleotide response, yet it was slow enough not to affect native Ca2* channel activity or responsiveness 
to B-adrenergic agonists for at least 45 min. One drawback of high pipette resistance was poor frequency response (3-dB cut-off near 300-Hz), 
which was nevertheless sufficient to correctly estimate both acn and T. Cell membrane currents flowing through the pipette were measured 
with a current-to-voltage converter connected to the pipette by way of Ag/AgCl electrodes. Membrane potential was controlled by a 
programmable waveform generator connected to the solution bathing the cell via an Ag/AgCl electrode. Cells were held near the resting 
potential, at -85 mV. T-V relationships were obtained from records of the membrane current in response to test pulses to various potentials 
{500 ms) followed by rest periods (5s) at ~85 mV. The standard HEPES Ringer’s solution contained (in mM): 90 NaCl, 5 MgCl, 2.5 KC - 
2.5 CaCl, 10 glucose, 20 HEPES, pH adjusted to 7.4 with NaOH, and 5 uM tetrodotoxin to block Na‘ currents. All experiments were carried 

out at room temperature (20-22 °C). | . : 






G,-GppNHp are irreversibly uncoupled from. their respective 
receptors. Addition of isoproterenol to a cell previously exposed 


whose activation counteracts the B-adrenergic stimulation of 
the adenylate cyclase’. This mechanism explains the inhibitory 


effect of ACh on isoproterenol-induced increases of I. If, as 
` we have observed, GppNHp permanently activates a specific G 
- protein only after stimulation of a specific receptor by agonist, 
then the £-agonist-induced, apparently persistent I; observed 
in the presence of GppNHp should be inhibited by ACh in a 
persistent, muscarinic antagonist-independent manner, creating 

a state in which ionic currents are no longer responsive to 
agonists or antagonists. A test of this prediction is illustrated in 

- Fig. 2. The upper row of traces was obtained in the absence of 
GppNHp in the pipette. Addition of isoproterenol causes the 
expected increase in I; which can be blocked by addition of 
- ACh (in the continued presence of isoproterenol). Following 
> the removal of both agonists, the cell responds to a second 
application of isoproterenol, which can again be inhibited by 
- ACh. These effects are presumably mediated via interactions of 
_ G, and G; with adenylate cyclase. In the presence of GppNHp 
> (lower row of traces in Fig. 2), isoproterenol also causes an 
-increase in F, which can be blocked by addition of ACh (as in 
‘the control condition). In contrast to the control condition, 
however, the inhibitory effect of ACh is permanent; removal 
and re-application of isoproterenol or isoproterenol plus ACh 
causes no further changes in current. It seems that neither G, 
nor G; binds significant amounts of GppNHp until the appropri- 


ate receptor is stimulated by agonist. Thus, addition of 


isoproterenol results in a condition identical to that of Fig. ld, 
in which an irreversibly activated G,-GppNHp complex causes 
= sustained activation of adenylate cyclase. G; makes no contribu- 
__ tion to the activity until the cell is exposed to muscarinic agonist. 
- Addition of ACh then, and only then, allows irreversible activa- 
~ tion of G;;GppNHp, resulting in a decreased I; through inhibi- 
-tion of the adenylate cyclase. In this case, however, removal of 
agonists has no effect on the current, as both G,;;GppNHp and 
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to ACh in the presence of intracellular GppNHp causes no 
stimulation of I,;, suggesting that the presence of G;;GppNHp 
precludes. G, stimulation of L: | eee 

The ability of B-adrenergic receptors to affect muscarini 
receptor-mediated activation of Tacr through the same system 
of interactions was tested using a protocol similar to that of 
Fig. 2. In this case, however, addition of 1 pM isoproterenol in. 
the presence of 1 uM ACh had no effect on Isen in either the 
presence or absence of GppNHp (data not shown); this implie 


ise + ACh 
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‘intracellular GppNHp on the muscarinic modula- .. 
B-adrenergic receptor stimulation. Upper | 
Lower trace, GppNHp pipette. Voltage- — 
btained using the methods described for > 
at ~85 mV and depolarized to ~5 mV. K* ~ 
ibid: y 0.2mM BaCl, in the standard Ringer's 
solution, which also. contained: no drug (Control), LM — 
isoproterenol (Iso), 1M isoproterenol plus 1 pM ACh (Iso+ — 
ACh). The first application of isoproterenol + ACh was followed _ 


Fig. 2 Effecto 


tion of I; induced 
trace, controt:- pipet: 
clamp records wer 














currents were block 





by a 10-min superfusion with control Ringer’s solution. Each set. 


of traces repre “experiment on an individual cell. Ot 
experiments (4 for control pipettes, 10 for GppNHp pipettes 
similar results. Note that the persistent block of T; followin 
first application of ACh de 


1 develops only in the presence of GppNHp 



















































is he adenylate cyclase activity by G; | 
t acn and that Inc), must ther ore be ‘regulated 
x ferent mechanism that does not involve G, or the adeny- 
cyclase. Whether Gg, which mediates the L; ACh response, is 
itical to Gj, remains to be established. 
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An important characteristic of excitable cells is their ability to 
‘repolarize rapidly after a depolarizing event such as a sodium 
-action potential. This ability is caused by several fast potassium 
currents such as I, and J, (ref. 1) and i possibly also a fast calcium- 
dependent potassium current Tgicay)’: Suppression of only one of 
the potassium channels by mutation or drugs can lead to anomalous 
behaviour in the animal’ or to epileptic disharges* 4 in: in vitro 
preparations. Fast potassium currents vary in their inactivation 
properties’ , and this may be the reason why many types of 
potassium currents are required for the adequate functioning of 
neurones in various physiological conditions. Here we describe a 
neuronal potassium current that is activated by intracellular 
dium. This current can probably be triggered by the sodium 
sntering the neurone during a single action potential and shows 
ittle voltage inactivation. It could therefore participate in the fast 
repolarization process in situations where other potassium currents 
partially inactivated. Because this.current will be activated by 
y process leading to sufficient entry of sodium, it may also be 
ggered by sodium-mediated excitatory synaptic. events. This 
help to control the level of excitability i in response to synaptic 
A sodium-dependent potassium. current was recently 
et ells", but it was suggested that this may only 
= activated in patirineleal conditions. T 
emir 





























ga aaner sensitivity to TTX. The. ieee sat potential of 
TX-suppressible outward current was measured at the time 
ated by the arrowhead in Fig. 1b. In four cells the reversal 
ial was -7345mV (mean +s.d,), a value close to the 
assium equilibrium potential. calc lated from the known 
à- and intracellular potassium concentrations (we assume 
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Fig. 1 Inward and outward currents suppressible by TTX. Quail 
trigeminal neurone cultured for 2 days. a, Progressive block by 
1yM TTX and recovery in control solution. The voltage was 
stepped every 5s from a holding level of —100 mV to —10 mV for 
20 ms and the corresponding current was recorded. The continuous 
line labelled 1 is the current recorded before addition of TTX; the 
two other continuous lines represent a partial and total block by 
TTX (1 min after the superfusion with TTX). The dotted current 
traces were recorded during recovery from the TTX-induced block. 
Inward current is plotted negatively. b, The current trace recorded 
in the full TTX-induced block was subtracted from all other current 
traces in a. The arrowhead indicates the time at which the voltage 
was stepped to other values when reversal potential measurements 
were performed (see text). 

Methods. Patch electrodes were filled with (mM) K-acetate (130), 
KCI (10), NaCl (10), EGTA (5, but 20 mM in this figure), HEPES 
(5), glucose (5); the pH was adjusted to 7.4 with KOH. In several 
experiments (including that shown here), 5mM Na, ATP was 
added to the solution (NaC! was then omitted). The control super- 
fusion solution was (mM) NaCl (150), KCI (5.4), CoCl, (3), 
HEPES (5), MgCl, (0.8), glutamine (2), glucose (16.7), bovine 
serum albumin (20 pg ml~'), minimum essential medium vitamins, 

penicillin (100 U ml), streptomycin (1 mg m!”'); pH 7.3. The 
recording and storage procedures were as described previously’. 










that the intracellular potassium concentration is in equilibrium 
with that of the solution in the patch pipette”'°). Changing the 
potassium concentration displaced the reversal potential of the: 
TTX-sensitive outward current, as expected for a current carried 
primarily by potassium ions. ee 
Additional evidence that potassium is a major charge carrier: 
for the TTX-suppressible outward current stemmed from the. 
observation that it can be blocked by a combination of tetraethyl- : 
ammonium (TEA) and 4-aminopyridine (4-AP), two agent 
known to block potassium channels. This blocking effect of T 
and 4-AP allowed us to subdivide the total current suppressible 
by TTX into a sodium and a potassium component (Fig. 72 
In view of the high specificity of TTX for the sodium channe 
and the close parallelism in the reduction of potassium and 
sodium currents in the presence of TTX, we supposed that the ~ 
potassium current was linked to the entry of sodium into the 
neurone. Several facts supported this idea. Extracellular sodium 
substitution with either choline or Tris suppressed both the | 
sodium current and the potassium current within ~2 min. When 
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Fig. 2 Visualization of the potassium current suppressible by 
TTX. Quail trigeminal ganglion neurone. cultured for 2 days. a, 
Currents were recorded during a step from ~-100 to —10 mV. Trace 
l-is a recording in the presence of control medium; trace 2, in the 
presence of 1 pM TTX; trace 3, in the presence of 4-AP (4mM) 
_ and TEA (20 mM), trace 4, in the presence of TTX, 4-AP and 
_.. TEA. Note that the difference between traces 2 and 4 represents 
.  » the voltage-dependent potassium currents, which are also present 
in these neurones (C.R.B, and D.B., unpublished data). b, The 
sodium current without interference by the potassium current was 
calculated by subtracting trace 4 from trace 3 (label 3-4). The 
potassium. current suppressible by TTX is obtained by subtracting 
the sodium current (3-4) from the difference between traces 1 and 
2. In this cell, the peak conductance of the potassium current was 

10 nS: In 30 cells, the mean conductance was 8.7+3:4n8S, 


‘partial inactivation of the vee current was induced, a corre- 
sponding decrease of the potassium current was observed. When 
the voltage of a neurone was stepped to levels more depolarized 

-~ than the sodium equilibrium potential (Ena); no potassium 
Current was seen (Fig. 3). We also: observered. that the duration 
->of the potassium current was incre ased ‘by: a procedure that 
prolonged the sodium current. Wh 
NEM, which reduces the inacti ton: of the sodium cur- 
G , was added to the solution in the- pipette a mM), 7-10 
min ‘after breaking the patch; the sodium. current was prolonged 
ind the duration of the potassium current increased. ‘Whereas, 
under normal conditions, the potassium curre , 
` within 10+3 ms (n = 23), in the presence of NBA the current 




























iven the nature of the cells studied, that i is, neurones with 
-their processes, we wondered whether inadequate voltage con- 
j itot could account for the observation: of the TTX-suppressible 
: potassium current. Because it is almost impossible | to prove that 
_ a neurone with its neurites is adequately voltage’ clamped, we 
examined neurones 3-5h after dissociation. At that time, a 
_ neurone consists of a soma with no processes, but it already 
_- adheres firmly to the Petri dish and ‘possesses voltage-dependent 
odium and potassium currents: First, we. -ensured that our 
ne-electrode voltage-clamp system was efficiently. Space- 
lamping these neurones by recording with a second-patch elec- 



















to the voltage-clamp syste a 
-ctrodes during steps in voltage 





observed that the potassium current suppressible by TTX 


Ne bromoacetamide 


lecayed to zero | 


was still activated to more than 60% of its maximal value after 


[Ca], seems unlikely. 


rode located as far away as. possible from t e electrode con- í 7 ; 
law yy. absence of extracellula calcium, and the solution i ini h 
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Fig. 3 The potassium current suppressible by TTX depends on 
sodium entry. Quail trigeminal ganglion neurone cultured for 3. 
days. a, The voltage of a neurone was stepped first from —100 mV : 
to ~10 mV (trace 1) and then to: +70 mV (trace 3), TTX was then 
added to the medium and traces 2 and 4 were recorded at +10. 
and +70 mV, respectively. 6, Differences between traces obtained — 
at a given voltage. in the presence. or absence of TTX. When the 
sodium current reversed its polarity (3-4), the potassium current 
was absent. The reversal potential for the sodium current was at 
+63 mV in this cell; the calculated En, was +68 mV, i 





We conclude. that these cells without neurites are adequatel j 
space-clamped. Recordings similar to those illustrated in Fig. 
were observed in these cells. Therefore, the TYX-suppressible 
potassium current. discussed here cannot be explained b 
inadequate voltage control. : 
Finally, we performed an experiment in which the putat 
sodium-sensitive outward current was turned on without activa 
ing the voltage-dependent sodium current. Because we ha 





sensitive to 4-AP and TEA (see Fig. 2), we tested whether th 
drugs would also suppress a constant potassium current. 
vated by a high intracellula sodium concentration. The vo! 
range chosen for this test was in a range where voltage-depender 
potassium currents would ne be activated ae -130 to 760: , 


‘The prerai of 50 mM so 30 

































that the persistent ‘current ‘was: carried by potassium ions. 
found that the reversal potential for this current was nea: 
theoretical Ey, in two conditions, Ey at —24 mV (see Fig. 4) 
Ex at -110 mV (data not shown). TEA and 4-AP had no 
when the sodium salts in the: pipette were replaced with che 
chloride and Tris-ATP, indicating that the potassium c 
suppressible by 4-AP and T EA in Fig. 4 was indeed activ 
by intracellular sodium. 

We conclude that the potassium current described here 
triggered by an increase in the intracellular sodium concenti 
tion ({Na],,). Can it be called ‘kinaj OF does sodium indire 
activate another neuronal potassium current such as 
(ref: 14)? Activation of Trica) through a sodium-indu x 
y. All experiments were ‘perfo: 
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Fig: 4 Effect of a high intracellular sodium concentration. Quail 
“trigeminal neurone cultured for 3 days. Superfusion with a 
` solution containing 110.mM NaCl and 40 mM KCI. The solution 
in the pipette was (mM) NaC! (40), Na,ATP (5), EGTA (5), 
potassium acetate (70), KCI (20), KOH (13), HEPES (5), 
- glucose (5). The voltage of the neurone was held at ~100 mV and 
stepped every 5s for 30 ms to one of several voltages (—130 to 
_ =60:mV in steps of 10 mV). The current during a voltage step was 
< measured 25 ms after the beginning of the step and was plotted as 
<a Function of the voltage. Open symbols represent data recorded 
- in control solution 5 min after breaking the patch, closed symbols 
are data recorded in the presence of 20 mM TEA and 4 mM 4-AP. 
-o The straight lines are linear regressions through both sets of data. 
_. The extrapolated reversal potential is at -24 mV. In seven cells 
-<o the mean reversal potential was at ~17+12 mV, that is, near the 

theoretical E, in the prevailing conditions (~24 mV). When the 
“potassium. concentrations were changed to set Ex at —110 mV 
(EK), 90mM and [K],,,.1.2 mM), the reversal potential of the 
“eurrent suppressible by 4-AP and TEA was again near Ex, indicat- 
oome that this current was carried primarily by potassium ions. In 
| experiments in which the sodium salts in the pipette were replaced 
with choline chloride and Tris-ATP, the currents recorded in the 
absence or in the presence of 4-AP and TEA were the same at 
each voltage (that is, open and filled circles were superimposed 
>. (data not shown)), In seven cells the mean potassium conductance 
activated. by intracellular sodium was 2.4+1.0nS. Note that this 
Value is lower than the potassium conductance calculated in Fig. 2. 


SmM (or, on occasion, 20mM). Activation of a potassium 
current via a drop in ATP’ also seems unlikely as the current 
‘was observed when recording with pipettes containing 5 mM 
TP. Thus, we shall"provisionally assume that the potassium 
current is activated directly by an increase in [Na]; and we call 
it Leena). IkiNa is activated within the first millisecond after the 
beginning of the sodium current (see Fig. 2), which corresponds 
o the time required for the sodium current to drive the mem- 
ane voltage to the peak of the action potential, as can be seen 
1 current clamp recordings of these neurones. Therefore, our 
suggest the cae a single action potential, the increase 
: : n near the membrane is sufficient to 





inactivated even at i depolarized Doleniak, it may hein to 
4 ol. membrane repolarization in situations where other 
ssum currents, such as I,, are partially or completely 
vated!. One reason that Ix (nq) has not been described in 
age-clamp. studies of axons might be that the current is not 
nt in all species or in all neurones. Another possibility is 
jat the channels responsible for it are restricted to the cell soma 
d possibly to the dendritic tree of neurones. 

We thank Drs F. Baumann and A. C. Kato for their comments 
n the manuscript. This work was supported by a grant from 
he Swiss NSF (3. 651-0.84). | 

Vote added in proof: Since the submission of this paper the effect 
of sodium influx on a transient outward current has been repor- 
ted i in invertebrate neurones” 








“Received 27 February; accepted 2 20 August 1985. 


. Connor, J. A. and Stevens, C. F. J. Physiol, ‘Lond. 213, 1-19, 21-30 (1971). 

. Salkoff, L. Cold Spring Harb. Symp. quant, Biol. 48, 222-231 (1983). 

. Schwartzkroin, P. A. & Prince, D. A. Brain Res, 185, 169-181 (1980). 

. Galvan, M., Grafe, P. & Ten Bruggencate, G. T. in Physiology and Pharmacology of Epilectic 
Phenomena (eds Kieg, M, R., Lux, H. D. & Speckmann, E. J.) 353-350 (Raven, New York, 
1982). 

5. Kameyama, M., Kakei, M., Sato, R. |, Shibasaki, T., Matsuda, HL & Irisawa, H. Nature 392, 
354-356 (1984), 

6. Bader, C. R., Bertrand, D. & Kato, A. C. Devi Biol. 94, 131-141 (1982), 

7. Hamill, O, P., Marty, A. Neher, E., Sakmann, B. & Sigworth, F. J. Pflügers Arch, ges. 
Physiol 391, 85-100 (1981). 

8, Bader, Č. R., Bertrand, D., Dupin, E. & Kato, A. C. Nature 305, 808-810 (1983). 

9. Fenwick, E. M, Marty, A..& Neher, E. J. Physiol, Lond. 331, 577-597 (1981). 

10. Bader, C. R. & ‘Bertrand, D. J. Physiol, Lond. 347, 611-631 (1984). 

11. Oxford, G, S., Wu, C. H. & Narahashi, T. J. gen. Physiol. 71, 227-247 (1978). 

12. Patlak, J. & Horn, R. J. gen. Physiol. 79, 333-351 (1982). 

13. Byerly, L., Meech, R. & Moody, W. Jr J. Physiol, Lond. 351, 199-216 (1984). 

14, Meech, R. W. A. Rev. Biophys. Bioengng 7, 1-18 (1978). 

15. Noma, A. Nature M5, 147-148 (1983). 

16. Narahashi, T, Moore, J. W. & Scott, W. R. J. gen. Physiol 47, 965-974 (1965) 

17. Hartung, K. Pfliigers Arch. ges, Physiol. 404, 41-44 (1985). 


He Let DF ee 








A highly polymorphic DNA marker 
linked to adult polycystic 
kidney disease on chromosome 16 


S. T. Reeders*, M. H. Breuningt, K. E. Davies*, 
R. D. Nicholis, A. P. Jarmané, 
D. R. Higgst, P. L. Pearson} & D. J. Weatherali*ł 


* Nuffield Department of Clinical Medicine, and + MRC Molecular 
Haematology Unit, University of Oxford, John Radcliffe Hospital, 
Oxford OX3 9DU, UK 

T Instituut voor Anthropogenetica, Sylvius Laboratoria, 
Rijksuniversiteit, Leiden, The Netherlands 


Adult polycystic kidney disease (APCKD) is a common and often 
lethal multi-organ disease with an autosomal dominant pattern of 
inheritance; approximately 1 in 1,000 people carry the mutant 
gene’. The major pathological abnormality is the development and 
progressive enlargement of cysts in several organs including the 
liver, pancreas and spleen as well as the kidneys. The basic bio- 
chemical defect which leads to the formation of cysts remains 
unknown’. Cyst development, which is not retarded by any known 
therapy, leads to irreversible renal failure and death at a mean 
age of 51 unless dialysis or transplantation are used”. Patients 
with the disease account for 9% of chronic dialysis requirement’. - 
The first symptoms tend to occur in the fourth decade, after most 
patients have reproduced”. Presymptomatic diagnosis depends on. 
the ultrasonographic detection of cysts, but exclusion cannot be 
achieved by this means; 34% of at-risk patients in the second 
decade and 14% in the third will go on to develop cysts after 
negative diagnosis’. The low sensitivity of diagnostic techniques _ 
in this critical age-range imposes severe limitations on genetic 
counselling and the condition cannot. be identified prenatally. — 
Hence we have searched for a linkage marker for APCKD; we 
show here that the APCKD locus is closely. linked to the a-globin 
locus on the short arm of chromosome 16 (2 =25.85, 0 =0 | 
Four families were identified from the dialysis an transplant 
registers of the Oxford Renal Unit. (NDM-A-D), and five 
families from units in the Netherlands (NL1-5). These families 
represent the most typical clinical form of the disease, with the: 
development of end-stage renal failure at a mean age of 48 yr. 
Diagnosis of symptomatic cases was confirmed by intravenou: 
pyelography or ultrasonography. As ymptomatic at-risk subjec 
over 15 yr old were assessed by ultrasonography after informed 
consent had been obtained. Diagnostic criteria were those used ae 
by Bear et al*, selected to minimize the rate of false- ; e 
diagnosis. Blood samples were obtained from. 183 family mem- : 
bers. Paternity was confirmed by using mini-satellite probes” in 
families NDM-A-D _ 
Our strategy was to use. highly polymorphic DNA. probes to” 
maximize. the efficiency of the search for the APCKD locus’. ~ 
a et al. have previously described a Eii peaa E 
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Fig. 1 Autoradiograph of 3'HVR probe hybridized to 5pug 
genomic DNA digested with Puull. A 4-kb Hinfl fragment contain- 
ing the entire 3’HVR was subcloned into the vector pSP64; the 
insert was used in hybridization experiments. Members of part of 
pedigree NDM-A are identified above each track. Alleles distin- 
guishable in this pedigree are named A-L; C, D, G, J and H are 
shown in Fig. 2. Approximate frequencies for each allele were 
determined from 52 unrelated Northern Europeans. As the identity 
of electrophoretically indistinguishable alleles in a highly polymor- 
phic system cannot be assumed, allele frequencies were determined 
by grouping bands within 0.5- or 1-kb intervals: 1-2 kb, 0.02; 
2-2.5 kb, 0.22; 2.5-3 kb, 0.17; 3-4 kb, 0.15; 4-5 kb, 0.14; 5-6 kb, 
0.16; 6-7 kb, 0.10; 7-8 kb, 0.04. These estimates, used in lod-score 
calculation, overestimate the frequency of individual alleles; they 
therefore reduce the information content of the data and depress 
the lod score. Methods were as described elsewhere’ except for 
the following modifications: DNA was blotted onto GeneScreen 
Plus (NEN) filters and, after hybridization, filters were washed for 
1h in 2x SSC at 37 °C, and for 1h in 0.1 x SSC at 65 °C. 


region ~8 kilobases (kb) beyond the 3’ end of the a-globin gene 


cluster. This region (3'HVR), which has subsequently been | 


cloned and partially sequenced, consists of a tandem-repeat 
sequence; polymorphism at this locus is attributed to variability 
in the copy number of the elements of the repeat (R.D.N., A.P.J. 
and D.R.H., in preparation). Using the Southern blotting tech- 
nique, a *’P-labelled Hinfl fragment including ~4 kb of the 
3’ HVR was hybridized to Pvull-digested genomic DNA. The 
probe hybridized to two allelic fragments in each individual 
(Fig. 1). The genomic Pvull fragments containing the 3'HVR 
varied between 1.8 and 8 kb and, in all meioses tested, segregated 
according to mendelian laws. Genotypes of individuals from 
family NDM-A are shown in Fig. 2. In this pedigree, 10 elec- 
trophoretically distinguishable 3'HVR alleles were seen (A-L), 
and the disease segregated with allele C. As Fig. 2 shows, it is 
extremely likely that IV: 26 is a recombinant, the disease sub- 


Fig. 2 Pedigree of NDM-A. 
At-risk members identified by 
empty symbols had negative 
diagnoses at the age indicated I 
in parentheses below the sym- 
bol. The probability that these 
subjects carry the APCKD gene 
was assigned as a function of 
age at diagnosis as follows’: age 
15-20 yr, 0.34; 20-30 yr, 0.14; 
30+yr, 0.05. These estimates 
were used in the age-of-onset 
correction option of Liped'?. 
Family members not at risk 
were assumed to have an 
APCKD gene frequency of 
0.001 (mean frequency in popu- 
lation)'. The genotypes at the 
3'HVR locus are given for each 
subject tested. The estimated 
frequencies for each allele are 
given in the legend to Fig. 1. 
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NOM-B 
I 
I 
vHVR AB 
Ral +- 
IZHVR mi mi 
m f : 
BC BC AA BA AC AC AA AC AD BD BD BD 
-+ -+ ++ -4 H ++ ++ ++ + -- ed .- a 
in im mm im mm mm mm mm mm im im Im . 
Fig. 3 Members of families NDM-A and -B were informative for 


two polymorphisms within the a-globin cluster, Part of pedigree 
NDM-B is shown. The Rsal restriction fragment length poly- 
morphism? was detected with a 1.5-kb PstI fragment containing 
the a-globin gene, giving two alleles (+, —). The frequency of the 
+allele is 0.47 (unpublished data). An inter-¢ length polymorphism 
was detected in Poull-digested genomic DNA witha AlvI fragment 
of the inter-{ hypervariable region probe (IZHVR). Two alleles 
were observed (m, /), with frequencies of 0.68 and 0.32, respec- 
tively. These polymorphisms have been described previously”"'”. 
In family NDM-B, five alleles were observed at the 3'HVR locus 
(A-E), and five haplotypes were obtained (A+m, B-l, C+m, 
D- m, E — 1). APCKD segregates with A+ m, except in II1:7 who 
probably represents a crossover between the 3'HVR and APCKD 
loci. 


sequently segregating with allele H in her two sons, V:18 and 
V:19. 

Three-generation families were not available for study because _ 
of premature death in this disease, and because we excluded 
those family members under 15 yr, as reliability of diagnosis is 
markedly reduced below this age. Meioses were therefore scored 
by inferring phase. Seven recombinants were observed in 127 
meioses (4/66 affected). In nine extended pedigrees, only three - 
meioses were uninformative at the 3'HVR locus, demonstrating 
the high information content of this polymorphism. 

Four additional polymorphic loci within the a-globin cluster 
were examined in families NDM-A and -B, so as to obtain 
haplotypes. Two of these sites””’” were polymorphic in members 
of these families. No crossovers were observed between the 
3’HVR and the polymorphic loci in the a-globin cluster. 
Haplotype data for part of family NDM-B are shown in Fig. 3. 
In pedigree NDM.-A (data not shown), the haplotype C —/ was 
observed in all members who carried the 3'HVR allele C, provid- 
ing evidence for the identity of this allele in all branches of the 
family. 

The data were analysed for linkage of the 3'HVR marker to 
the APCKD gene using the computer program LIPED 3 (refs 
11, 12). lod scores were calculated using an age-of-onset correc- 
tion; at-risk individuals who did not meet the criteria for positive 
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0.00 0.01 0.03 0.04 

Male i — 5.33 6.92 7.12 
Female — oO 15.81 16.40 16.41} 
25.60 25.81 


_ Combined -%0 23.40 





Table 1 lod scores for linkage between 3’ HVR and APCKD 


Recombination fraction 6 


0.05 0.07 0.10 0.15 0.20 0.30 0.40 
23 TAL 7.14 6.60 5.75 3.83 1.66 
16.34 16.03 11.80 7.59 3.13 
25.85 19.48 12.81 5.48 














































diagnosis were assigned a probability of having inherited the 
oe gene as a function of age’, so as to allow for the 


a “ig. 2: 

Tod scores (Table 1) demonstrate linkage between 3'HVR and 
he APCKD locus. The maximum lod score for linkage of 3, HVR 
to APCKD was 7.31 at 0 =0.07 (males) and 16.41 at @=0.04 
_ (females). The maximum combined lod score was 25.85 at 
6 =0.05 (99% confidence limits 2-11 centimorgans). 

- Botstein et al.’ described a theoretical strategy for genetically 
mapping inherited traits using DNA sequence polymorphisms. 
_ Gusella et al.’ used this approach successfully when they assig- 
ned Huntington’s disease to chromosome 4. Using similar 
methods, we have mapped APCKD to within 11 centimorgans 
of the a-globin cluster, which has previously been assigned to 
-the short arm of chromosome 16'*'”. Before applications of the 
S HVR marker can be considered, we must determine whether 
_ there is a single locus for all phenotypic variants of the disease: 
The fact that close linkage was seen in each of the nine families 
examined suggests a single locus. However, these families rep- 
-resent the commonest phenotype, and further studies are needed, 
¿particularly in families with unusual clinical manifestations of 
the disorder, to assess its genetic heterogeneity. 

~The localization of the mutation in APCKD to this region of 
chromosome 16 should facilitate the production of further pro- 
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ecific chromosomal translocations have been observed in several 
an and animal tumours and are believed to be important in 
origenesis', In many of these translocations the breakpoints 
near cellular ‘homologues of transforming genes, suggesting 
at tumour development is partly due to the activation of these 
nes. The best-characterized example of such a translocation 
occurs in mouse plasmacytoma and human B-cell lymphoma, where 
myc, the cellular homologue of the viral oncogene myc, is brought 
-into close proximity with either the light- or heavy-chain genes of 
the immunoglobulin loci**, resulting in a change in the regulation 
of the myc gene’. T-cell malignancies also have characteristic 
. chromosomal abnormalities, many of which seem to involve the 
-14q13 region™™. This region has recently been found to 
mtain the @-chain genes of the human T-cell antigen recep- 
ro +15, Here we determine more precisely the chromosome break- 



















bes for presymptomatic detection or prenatal diagnosis of this - 
condition and should ultimately lead to a better understanding 
of its pathogenesis. : 

We acknowledge the support of the MRC, Des Oliver and — 
the many physicians who have allowed us to study their patients, 
and the Netherlands Kidney Foundation. We thank Sarah Ball 
and Robin Winter for help in analysing the data. et 
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points in two patients whose leukaemic T cells contain reciprocal 
translocations between 11p13 and 14q13. Segregation analysis of 
somatic cell hybrids demonstrates that in both patients the break- 
points occur between the variable (V) and constant (C) region 
genes of the T-cell receptor a-chain locus, resulting in the translo- 
cation of the C-region gene from chromosome. 14 to chromosome _ 
11. As the 11p13 locus has been implicated in the development of 
Wilms’ tumour'®” , it is possible that either the Wilms’ tumour 
gene or a yet unidentified gene in this region is involved in . 
tumorigenesis and is altered as a result of its translocation into- 
the T-cell receptor a-chain locus. 

As the a-chain genes of the T-cell receptor have recently been 
localized to the 14q11-14q13 region, we undertook to determine 
whether the a-chain locus is involved in such translocations. . 
We identified two patients with T-cell acute lymphoblastic: 
leukaemia (T-ALL) whose leukaemic cells contained a 
PE EEA translocation a omang the e short é arm of chromosome 







in band lipi3 vies 18), and the Ha-ras-t gene, bad. in 
more distal half of lip id Dor Soprogarion < of these 


the presence 2 of the lip+ Sarono ome | in s hybrid Hil 1-9b and 
the 14q— chromosome in hybrid H8-4; neither hybrid contained ae 
a normal human chromosome 11 or 14. a 
To determine whether the breakpoint on chromosome 14 is 
near me T-cell receptor g- chain | locus, DNA from the hybrids 
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‘was examined by Southern blot analysis using three molecular 
probes specific to the a-chain region. Probes specific for the V 
-and C regions were isolated from DNA complementary to the 
-a@a-chain T-cell receptor, pY14 (ref. 13). The third probe was a 
genomic joining (J) region probe: this single copy segment is 
located. 17 kilobases (kb) 5' to the C region of the a-chain”! 
- (Table 1, Fig. 2). Genomic DNA digested with the restriction 
_ enzyme BamHI and hybridized to the C-region probe showed 
--a single band of 5.5 kb in human DNA (Fig. 2a, lane 1) and 
one of 7kb in mouse DNA (Fig. 2a, lane 2). Examination of 
“BamHI -digested DNA from the hybrids revealed that those 
clones carrying the 11p+ chromosome (H11-9b, lane 4; H11-1b, 
lane 5) contained the human C-region band in addition to the 
-mouse-specific band, while hybrids containing the 14q—- 
< chromosome (H8-14, lane 3; H8-4, lane 6) contained only the 
mouse 7.0-kb band. E 
The J-region probe hybridized to a band of 4 kb in BamHI- 
digested human DNA (Fig. 2b, lane 1). As with the C-region 
probe, the J-region band was present in hybrids containing the 
. 11p+ chromosome (H11-9b; Fig. 26, lane 5) but absent from 
» those hybrids with the 14q— chromosome (H8-14; Fig. 2b, lane 
<2.. When. the V-region probe was used, a reciprocal result was 
< obtained. Figure 2c illustrates that while with BamHI 15- and 
-4-kb bands characteristic of human DNA (lanes 1, 2) were 
-present in hybrids carrying the 14q— chromosome (H8-14, lane 
H8-4, lane 7), they were absent from the hybrids containing 
- 1ipt+ chromosome (H11-9b, lane 5; H11-1b, lane 6). 
n all hybrids tested, the presence of the: lip+ chromosome 
s.correlated with the presence of the T-cell receptor a-chain 
“constant and J-region sequences (Table 1). Similarly, the pres- 
ence of the t4q— chromosome, in the absence of a normal 
_ chromosome 14, was correlated with the presence of the T-cell 
_ receptor a-chain V-region genes. Taken together, the data pres- 
-ented here indicate clearly that the translocation of chromosome 
“11 with chromosome 14 in both T-ALL patients separates the 
V and C regions of the T-cell receptor a-chain, thus localizing 
ie breakpoints within the T-cell receptor a-chain locus. The 
regation of the genomic J region sequences with the C region 
idicates that the breakpoints occur more than 17 kb 5’ of the 
region’ | 
































e results allow us to derive the orientation of the 
tor a-chain locus on chromosome 14, The proposed 
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Table 1 Segregation analysis of hybrid clones formed from the fusion of T-ALL cells with mouse cells 






Joining 


Leukaemic T cells (86-95% blast cells) were obtained from two patients, ALL-8 and ALL-11, who have been described previously (cases 2an 
-= 3, respectively, in ref. 8). Approximately 4x10’ cells were fused with an equal number of mouse Ltk” cells using polyethylene glycol 1500; hyb 
<+ colonies were selected in growth medium containing hypoxanthine, aminopterin and thymidine!*™. Independent hybrid clones were expande: 
= and recloned in the absence of selective medium. DNA was extracted from 30 recloned hybrids and subjected to Southern analysis to determ: 
-= the. presence of a human-specific 6.6-kb BamHI fragment hybridizing to a Ha-ras-l-specific probe or a 9.0-kb Pst] fragment hybridizing: to 
_ catalase-specific probe or an 8.0-kb TaqI fragment hybridizing to a calcitonin-specific probe"®. Five of the hybrids showed segregation of the hum 
-catalase and Ha-ras-1 genes, indicating the presence of either the lip+ or 14q-~ chromosomes. For. several hybrids the presence of the 1ip+ o 
- 14q~ chromosomes in the absence of the normal chromosome 11 or 14 was confirmed by detailed karyotyping after trypsin-Giemsa banding. Th 
presence of the T-cell receptor a-chain genes was determined by Southern blot of Bam Hi-digested genomic DNA followed by hybridization to 
molecular probes for the C, J and V regions as described in Fig. 2 legend. Hybrids H8-4 and H8214 were from the fusion with cells of patien 
ALL-8, while hybrids H11-9b, H11-1b, H11-7, H11-8b and H11-1 were from the fusion with cells from patient ALL-11. ND, not determined. 
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order is: centromere; V region; J region; C region; telomer 
(Fig. 1). eee 

The regional localization of the breakpoints on chromosome 
14 for the leukaemic cells used in the present study have been 
tentatively assigned" previously to band 14q13. However, several _ 
in situ hybridization studies'*!* have subsequently located the. 
T-cell receptor a-chain gene closer to the centromere in band. 
14q11. This discrepancy may be a result of the small size of the 
derivative 14q— chromosome, which led to an imprecise assign- 
ment of the translocation breakpoint. The data presented here, 
however, clearly demonstrate, independently of band assign- 
ment, that the translocation associated with T-cell ALL separates | 
the T-cell receptor a-chain C region from the V region, =. 

The exact gene of chromosome 11 that may be affected by 
this translocation is not known. The results indicate that fo 
both patients the breakpoint on chromosome 11 occurs dista 
to the catalase gene. Preliminary data indicate that the break 
point occurs between the catalase and the calcitonin gene 
(Table 1). As calcitonin has been localized’ to band 11p14, th 
places the T-ALL breakpoint close to the putative Wilms’ tumo 
locus, which it has been suggested” lies distal to catalase with 
lipt3. Further studies are necessary to determine whether the 
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Fig. 1 Schematic representation of the chromosome 11:14. 
reciprocal translocation associated with T-cell ALL. The detailed 
karyotypes of the leukaemic cells from the patients used in the 
present study have been described previously”, Letters on the left 
indicate the approximate locations of the Ha- ras-1 gene (c-H-ras) 
and the catalase gene (cat) on the normal chromosome 11. The 
letters on the right indicate the order of the a-chain T-cell antigen 
receptor (TcRa) genes for the variable { V), joining (J) and con- 

stant (C) regions on the normal chromosome 14. 
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Fig. 2 Autoradiograms of Southern blots of genomic DNA 
digested with BamHI and hybridized to molecular probes for the 
T-cell receptor a-chain genes for the C region (a), J region (b) 
and V region (c). The C-region probe consisted of a 600-base pair 
(bp) Poull fragment of the T-cell receptor a-chain cDNA pY14, 
and the V-region probe consisted of a 400-bp Pvull fragment of 
the same cDNA. The J-region probe was a 2.3-kb EcoRI fragment 
derived from a genomic region 17 kb 5’ to the constant region. 
Hybridizations and filter washings were carried out as described 
elsewhere" except that the final wash for the C-region and J-region 
_ hybridizations was 0.6xSSC for 30 min at 65°C and for the V- 
region hybridization the final wash was 0.3xSSC for 30 min at 
65 °C. Longer exposures of filters hybridized to the V-region probe 
revealed characteristic mouse bands in Ltk”, H11-9b and H11-1b. 
a, Lane 1, human DNA; lane 2, mouse DNA; lane 3, hybrid H8-14; 
lane 4, H11-9b; lane 5, H11-1b; lane 6, H8-4. b, lane 1, human; 
lane 2, mouse; lane 3, hybrid H8-14; lane 4, H11-1; lane 5, H11-9b; 
lane 6, H11-7. c, Lane 1, T-cell DNA from patient ALL-8; lane 2, 
T-cell DNA from patient ALL-11; lane 3, mouse; lane 4, hybrid 
H8-14; lane 5, H11-9b; lane 6, H11-1b; lane 7, H8-4. 


same gene on chromosome 11 involved in T-ALL is involved 
in Wilms’ tumour. In either case, the translocation of chromo- 
some 11 sequences into the T-cell a-chain locus provides an 


h opportunity to isolate the gene. 
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The activation of protein kinase C by diacylglycerol and by tumour 
promoters has implicated this enzyme in transmembrane signalling 
and in the regulation of the cell cycle’. In vitro studies revealed 
that catalytic activity requires the presence of calcium and phos- 
pholipids with a preference for phosphatidylserine’. Diacylglycerol 
and tumour promoters such as phorbol esters bind to the enzyme* ’, 
leading to its activation while sharply increasing its affinity for 
Ca** and phospholipid. Addition of diacylglycerol analogues or 
phorbol esters to intact cells results in the phosphorylation of 
specific polypeptides***”. Several cellular processes, including 
hormone and neurotransmitter release and receptor down-regula- 
tion'*, are modulated by the activation of protein kinase C, while 
phorbol ester-induced stimulation of the enzyme in whole cells has 
been associated with its translocation from the cytoplasm to the 
plasma membrane*'*. Moreover, the use of Ca** ionophores has 
revealed an apparent synergism between Ca** mobilization and 
protein kinase C activation’. This synergism has recently also been 
found to apply to receptor down-regulation (ref. 23 and accompany- 
ing pape Here we describe a reconstitution system in which 
intracellular translocation of protein kinase C and the synergism 
between Ca?* and enzyme activators can be studied. The results 
suggest a rationale for concomitant Ca** mobilization and 
diacylglycerol formation in response to some hormones, neuro- 
transmitters and growth factors. 

Inside-out human erythrocyte vesicles are useful for studying 
physiologically relevant protein-protein and protein-lipid inter- 
actions. Furthermore, these erythrocyte membrane vesicles lack 
endogenous phorbol ester binding activity, rendering them par- 
ticularly suitable for reconstitution with exogenous phorbol ester 
receptors. Accordingly, binding of purified protein kinase C to 
inside-out vesicles from human erythrocytes was considered as 
a model for intracellular translocation of the enzyme. The 
amount of enzyme bound was conveniently determined by its 
ability to bind *H-4-8-phorbol-12,13-dibutyrate with an exact 
1:1 stoichiometry®. The binding of the enzyme to the membranes 
occurs at relatively high concentrations of Ca** (10-100 pM) 
in the absence of Mg** (Fig. 1a). However, the presence of 
3mM MgCl, dramatically increases the efficacy of Ca**, with 
protein kinase C binding occurring consistently at Ca** con- 
centrations between 50 nM and 5 pM (Fig. 15). The sharpest 
increase in the binding reaction occurs between 100nM and 
500 nM free Ca** (Fig. 1b, c), agreeing favourably with the 
reported levels of intracellular Ca** in basal and various stimu- 
lated conditions, respectively. Similar observations were made 
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Big. t Calcium-dependent binding of protein kinase C to red cell 
-camembranes. a, Binding of protein kinase C to the membranes in 
the absence of MgCl,. @, Bound enzyme; O, free enzyme. b, 
Binding in the presence of 3 mM MgCl. Symbols asina. c Binding 
of protein kinase C to membranes at low Ca?* concentrations. d, 
Dependence of the binding reaction on membrane concentration 
using 50 pl protein kinase C. e, Dependence of the binding reaction 
on enzyme concentration using 10 wg of membrane protein. 
Methods. Protein kinase C was purified from rat brains as described 
earlier", The experiments were performed with the enzyme, eluted 
fromthe Mono Q anion exchange column (Pharmacia), which has 
a specific activity of ~40 pmol *H-4-8-phorbol- 12 ,13-dibutyrate 
(PDBu) bound per ml of enzyme, and ~15 nmol-°*P incorporated 
into histone Hi per min per ml; the protein concentration was 
~0.3megml~'. Further purification by phenyl-Sepharose 
ott chromatography”® did not alter the results, Inside-out vesicles from 
> human erythrocytes were prepared by incubating washed ghosts 
“in ImM Tris-HCI pH 7.6, 0.05 mM EDTA at 4°C for 15h. The 
inside-out vesicles were washed three times in 10mM Tris-HCI] 
pH7.6, and suspended in this buffer at a concentration of 3 mg ml™' 
protein. Binding of protein kinase C to the membranes. was 
examined in 1.5-ml Eppendorf tubes in a volume of 200 yl of a 
“buffer. containing 10 mM Tris-HCI pH 7.6, 1 mM dithiothreitol, 
3mM MgCl, 30 pg mi~! bovine serum albumin, 100 uM EGTA, 
150-300 pg membrane protein and 50 yl protein kinase C; ee 
was added to give the indicated free calcium concentrations”? 
Zero Ca** corresponds to 100 pM EGTA. The suspension was 
incubated at 25°C for 10 min and then centrifuged for 15 min at 
40,000g. The supernatant was carefully removed .and the mem- 
branes were suspended in 170 ul 10mM Tris-HCl pH 7.6. The 
amount of protein kinase C bound to the membranes or remaining 
in the supernatant was measured by [°H]-PDBu binding. 50 yl of 
the resuspended membranes or the supernatant, respectively, was 
added to 50 yl of a reaction mixture containing 10 mM Tris-HCI 
pH 7.6, 2mM dithiothreitol, 10mM MgCl, 400M CaCl, 
~~ 100 ug mi! bovine serum albumin, and 60 nM [20°H(N)]-PDBu 
(65 Ci mol, NEN). The reaction mixture for the supernatant 
“also contained 40 HE ml! phosphatidylserine. The binding was 
_ performed for 40 min at 25°C. Bound °H-PDBu was separated 
-zo from free *H-PDBu by suction through. Whatman GF/C glass 
` filters. The determinations were run. in triplicate and the experi- 
ments were repeated at least twice, yielding a s.e.m. of <7%. 





on lysed synaptosomes and HL-60 leukaemia cell membranes 
-instead of erythrocyte vesicles. These : results imply that physio- 
_ logical increases of intracellular Ca** cause a translocation of 
: . protein kinase C from a soluble to a membrane-bound compart- 
< ment. The subcellular compartment to which the enzyme binds 
may depend on the precise site of Ca** mobilization andthe 
-resulting local intracellular Ca** levels. Therefore, stimuli which 
aise intracellular Ca** levels can lead to membrane binding of 

kinase C, thus exposing it to inner leaflet: phospholipids 

the potential generation of diacylglycerol. This may be 
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1 iced with a res Ca’* ‘concentration pbs l uM. ye the is 
time, the tubes were placed. in a Beckman Microfuge a 
trifuged for 30s. The pelleted membranes were resuspend 
assayed for “H-PDBu binding (@). The dissociation of membra 
bound protein kinase C was assessed following pre-binding of 
enzyme to the membranes in the presence of 5M Ca™. A 
10 min at 25°C the membranes were centrifuged and the pellets 
were resuspended in 200 pl of buffer containing 10 mM Tris-HCI 
pH 7.6, 3mM MgCl, 1mM_ dithiothreitol, 30 yg ml! bovine 
serum albumin and 100 uM EGTA. At the indicated time, the tubes 
were centrifuged and *H-PDBu binding to the resuspended mem- 

branes was ii (O). 































































viewed as a ‘priming’ of the protein kinase C system, allowing 
it to participate in transmembrane signalling. : 

The binding reaction seems to be a linear function of enzyme 
concentration and of membrane concentration under conditions 
of excess enzyme, but not excess membranes (Fig. 1d, e). At 
500 nM Ca?*, enzyme binding is not affected by treating th 
inside-out vesicles with 504g mi~! trypsin, 1 M NaOH or b 
heating at 90°C. These observations suggest that membran 
proteins are not essential for the binding of protein kinase $ 
although they may serve a regulatory function. Liposomes pre- 
pared from human erythrocyte lipids also bind the enzyme, but 
require Ca?” concentrations greater than 10 uM, implying that 
disturbing the original. membrane bilayer organization results. 
in a markedly reduced sensitivity to Ca’*. These observations 
favour the use of plasma. membrane preparations, rather than 
derivative liposomes, in the study of protein kinase C- membrane 
interactions. The apparent dissociation constant of *H-4-B 
phorbol-12,13-dibutyrate was 20 nM for membrane-bound pro 
tein kinase C, and asimilar value was obtained for the solubl 
enzyme in the presence of phosphatidylserine (data not shown) 

Fast membrane association and dissociation rates of protei 
kinase C would permit rapid. responsiveness to changin 
intracellular Ca?* levels. In fact, at 1 uM Ca’’, the bindi 
reaction is almost complete: within 30s (Fig. 2). Similarly, wh 
free Ca’* levels are reduced in the presence of excess EGT 
protein kinase C is released mostly during the initial 308. (F 
2). 





For the Ca’*- iaduoed methbrane binding of protein kinase 
to be physiologically relevant the enzyme must be able to interac 
with endogenous substrates. We therefore examined p 
kinase C-dependent phosphorylation of erythrocyte memb 
substrates. Figure 3 clearly demonstrates that protein kina 
binding leads to Ca**-dependent phosphorylation of se 
polypeptides, with band 4.1 as.a preferred substrate; these re 
are consistent with the phorbol ester-stimulated phosphoryla 
of band 4.1 in intact rabbit. erythrocytes”. The reconstitutio 
system can be adapted to other membrane preparations con’ 
ing potential protein kinase C substrates. The experimen 
procedure involves release of endogenous pre-bound eng 
by EGTA, followed by reconstitution with exogenous protei 
kinase C in the presence of Ca** | : 

Interestingly, Ca** seems to have a dual effect on „prot i 
kinase C; membrane binding i is maximal at 500 nM Ca”* whi 
enzyme activation occurs pemeey between 5 5M and 50 uM Ca’ 
















Fig. 3 Calcium and phorbol ester dependence of the 
phosphorylation of membrane proteins. The phosphoryla- 
tion experiment was performed under conditions similar 
to those used for the binding experiments, with 200 pl of 
10mM Tris-HCl pH 7.6, 1mM dithiothreitol, 3 mM 
, MeCl,, 30 p8 ml~' bovine serum albumin, 10 4M ATP, 
1uCi (y-**P)ATP (50 Ci mmol™', NEN), 150 ug mem- 
= brane protein and 50 yl protein kinase C. Calcium con- 
centrations are indicated below the autoradiogram. Lanes 
1-8, without PDBu; lanes 9-16, with 100 nM PDBu; lane 
17, endogenous phosphorylation with 100 uM EGTA and 
in the absence of protein kinase C; lane 18, endogenous 
phosphorylation with 100M free Ca** and 100nM 
PDBu in the absence of protein kinase C; lane 19, 
Coomassie blue-stained gel of the membrane proteins. 
The reaction was performed at 25 °C for 10 min and stop- 
ped by adding 100 ul SDS buffer, and analysed by SDS- 
polyacrylamide gel electrophoresis using 7.5% acrylamide 
and 0.02% bisacrylamide*’. Similar results were obtained 
when protein kinase C was pre-bound to the membranes 
and the free enzyme removed before phosphorylation. The 
arrow designates band 4.1. [Ca**] corresponds to free 
Ca?*, and EGTA (lanes 1, 9) indicates 100 yM EGTA in 
‘Ge the absence of Ca**. 








_ in the absence of diacylglycerol or phorbol esters (Fig. 3). It is 
not known whether this discrepancy between the Ca**-depen- 
_ dent enzyme binding to membranes and enzyme activation by 
Ca?” arises from the existence of multiple Ca?* binding sites 
on the enzyme. At intracellular Ca** levels, the Ca**-dependent 
= membrane binding reaction is likely to be the more relevant 
process. Thus, Ca°*-induced protein kinase C binding to mem- 
_ branes may not be a sufficient condition for enzyme activation. 
ii The synergism of intracellular Ca** mobilization and protein 
kinase C activation is usually attributed to the requirement for 
~Ca**-calmodulin, as well as protein kinase C-mediated phos- 
_ phorylation*. This interpretation was originally devised for 
_ platelet activation involving phosphorylation of a polypeptide 
of relative molecular mass (M,) 40,000 (40K) by protein kinase 
_ C and of myosin light chain (M, 20K) by Ca**-calmodulin- 
= dependent myosin light-chain kinase. The Ca** ionophore 
_A23187 apparently did not potentiate the phosphorylation of 
_ the 40K-M, polypeptide by protein kinase C in the presence of 
_ phorbol esters or diacylglycerol analogues***. However, sub- 
sequent investigation revealed that Ca~* ionophores do syner- 
_ gize protein phosphorylation by protein kinase C in whole cells. 
_ These polypeptides include a SOK-M, neutrophil protein kinase 
. C substrate? and the transferrin receptor of HL-60 cells?-**. 
Synergism of protein phosphorylation closely matched the 
synergism of neutrophil lysosomal enzyme release” and trans- 
_ ferrin receptor down-regulation****, respectively. These findings 
Suggest that elevated intracellular Ca** levels have a synergistic 
_ effect on protein kinase C activation by acting on the enzyme 
itself. 
= Results from the reconstitution system are consistent with this 
Suggestion. Protein kinase C binding to erythrocyte inside-out 
-vesicles was studied in the presence or absence of 4-8-phorbol- 
12,13-dibutyrate. The phorbol ester clearly enhances the sensitiv- 
__ ity of the binding reaction to Ca?* at lower Ca** concentrations, 
and increases total enzyme binding at higher Ca** concentra- 
_ tions (Fig. 4a). Moreover, raising the Ca** concentration from 
~100nM to 1.0%M augments protein kinase C binding at all 
concentrations of phorbol ester tested (Fig. 4b). Accordingly, 
 Cař™* and phorbol esters seem to act synergistically to effect 
protein kinase C binding to membranes, a step required for 
intracellular enzyme activation. The site of endogenous 
diacylglycerol generation as well as that of Ca** mobilization 
may confer some compartmentalization on the synergistic 
response. However, note that the rate of membrane association 
of protein kinase C in the presence of the phorbol ester and 
~ low (100 nM) Ca? levels is much slower than the rate achieved 
at | pM Ca” (Figs 2, 4c). Thus, raising intracellular Ca?* levels 
= will permit a much faster response to external stimuli that 
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cerol or its analogues, leading to protein kinase C activation. 
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Fig.4 Calcium and phorbol ester act synergistically on the bind- 
ing of protein kinase C to membranes. a, Effect of PDBu on the 
Ca** dependence of protein kinase C binding to membranes. The 
membrane-binding assay was performed in the presence (O) or 
absence (@) of 100 nM *H-PDBu. b, Effect of Ca** on the 7H-PDBu 
dependence of protein kinase C binding to membranes. The mem- 
brane-binding assay was performed in the presence of 100 nM (O) 
or 1 4M (@) Ca**. c, Time course of *H-PDBu-dependent protein 
kinase C binding to membranes. Binding was performed in the 
presence of 100nM Ca** and 100 nM *H-PDBu, The binding of 
protein kinase C to inside-out vesicles was performed at various 
Ca** and PDBu concentrations. When present, PDBu was used 
in the radioactive form (*H-PDBu) so as to avoid interference of 
unlabelled PDBu with the second stage of the experiment in which 
*H-PDBu was used to detect the membrane-bound enzyme. 


activate protein kinase C, providing another modality for synerg- 
ism between intracellular Ca** and protein kinase C activators. 


Such a modality may complement previously proposed synergis- | 
tic pathways between protein kinase C and other Ca**-activated © 


effector systems’. 
Conclusions derived from the present results are summarized 
below, highlighting the concerted action of Ca** and diacylgly- 
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Phorbol esters are potent tumour-promoting agents that exert 
; ‘pleiotropic effects on celis”, Among these are the control of 

growth‘, stimulation of release of stored bioactive constituents” * synergism between Ca** and phorbol esters that leads to transferrin 
and regulation of growth-factor surface receptors’ *. Phorbol receptor phosphorylation and down-regulation in HL-60 huma 
` esters bind to and activate protein kinase C, leading to the phos- leukaemic cells. Raising intracellular Ca**, although ineffecti 
~ phorylation of specific protein substrates presumed to be necessary by itself, increases the potency and rate of action of phorbol 
+ for eliciting the full response®*'*'*"*, Strong evidence exists that for activating protein kinase C and mediating transferrin recep 
É specific binding of tumour promoter occurs at the membrane level phosphorylation and down-regulation. We propose a molecu 
n intact celis, resulting in activation of protein kinase C''’, modelin which increased intracellular Ca?” recruits protein kin 













Recent evidence concerning the release of bioactive constituents C to the plasma membrane, thus ‘priming’ the system for activ. io 
from platelets**'*'*" and neutrophils** has linked agonist- by phorbol ester. | 5 
induced protein kinase, E activation and Ca’* mobilization in a The transferrin receptor, a surface. glycoprotein, is a spe 

synerg stic mechanism" . Here we present « a novel model of marker for rapidly proliferating cells” 


. Phorbol esters not. only 















e 


st 
(2 


aia act Er E 






% Control binding 


———— 























































AZNHRTinM) O 1001006 WO 5O 10 i G f 
POBuinM? O 0 op fo 1 19 10 1 i 
a~PODRUInM) - Q ~ a sa CA a 
EGTA mM} =- ~ = eooo o o o 


oO Al 
oi 


py 


Fig. 2 Effect of dose of A23187 and EGTA on down-regulation 
of the surface transferrin receptor. Methods as described in Fig. 
< J legend. Down-regulation induced by 100nM phorbol ester in 
_ the presence of increasing concentrations of ionophore are shown. 
< Alternatively, 2 mM EGTA was added simultaneously with 100 nM 
--donophore. Results are expressed as per cent mean control binding 
- ts.e.m. of '*°]-ferrotransferrin to cells as described in Fig. 1 legend. 


induce terminal differentiation of HL-60 human leukaemic cells 
in culture’! but also mediate rapid internalization of surface 
‘receptors in association with increased phosphorylation of the 
‘receptor’. Receptor hyperphosphorylation is mediated directly 
-by phorbol ester- and diacylglycerol-activated protein kinase 
_C?!?| Using this system as a model for activated protein kinase 
Cc regulation of a specific membrane receptor substrate, a syner- 
gistic effect between the 4-B- phorbol-12,13-dibutyrate and the 
Ca” ionophore A23187 is observed both on receptor down- 
regulation and hyperphosphorylation (Fig. 1). 
Addition of 100nM A23187, which is not stimulatory when 
idded alone, augments the effect of 4-B-phorbol-12,13-dibu- 
_fyrate such that a submaximal concentration (5 nM) produces 
mear-maximal down-regulation (Fig. 1a) and receptor hyper- 
‘phosphorylation (Fig. 1b). However, addition of ionophore 
concentrations as high as I uM to a maximal phorbol ester 
concentration of 100 nM does not affect the maximal amplitude 
of the response. The specificity of this synergistic effect for an 
active tumour promoter is apparent as the inactive 4-a-phorbol- 
12,12-dibutyrate, even in the presence of ionophore, failed to 
have an effect on expression of surface receptor (Fig. 2). The 
potentiation of the effect of 4-8-phorbol-12,13-dibutyrate is 
dependent on ionophore concentration and is partially reversed 
-by the addition of 2 mM EGTA (Fig. 2). Ca**-mediated synerg- 
ism is similarly observed when the more potent phorbol ester 
-tetradecanoyl phorbol acetate is used instead of 4-8-phorbol- 
T2, 13-dibutyrate (data not shown). 
~~ Interestingly, the Ca? *-dependent increased activity of phor- 
bol esters described above is associated with an increase in the 
ipparent affinity of *H-4-8-phorbol-12,13-dibutyrate binding to 
hole cells. Results of equilibrium binding of the radioactive 
rto cells pretreated with 200 nM A23187 ionophore indicate 
substantial increase in binding occurs at the lower, non- 
ating concentrations of 4-8- phorbol- 12,13-dibutyrate (3- 
A) compared with binding in the absence of ionophore 
n. 3). Scatchard analysis of data demonstrates that the 
arent dissociation constant decreases from 18 to 7nM 
out any change i in the number of binding sites. These data 
onsistent with the fact that the synergistic effect of Ca?” 
yphore is observed only at lower ester concentrations, and 
ggests that Ca** mobilization specifically enhances binding 
at the lower, submaximal concentrations of the active phorbol 
ester. 
Ca** ionophore also has a marked effect on the kinetics of 
_ester-induced down-regulation of the surface transferrin recep- 
or. Cells were incubated at 37°C for 5 min with or without 
onophore before addition of 100 nM 4-8-phorbol-12,13-dibu- 
rate. Receptor down-regulation was then estimated at early 
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Fig. 3 Effect of A23187 on binding of °H-4-B-phorbol-12,13- 
dibutyrate (PDBu) to cells. Scatchard analysis shows that the 
dissociation constant in the absence of Ca’* ionophore A23187 
(open symbols) was 18nM and in the presence of ionophore 
(closed symbols} was 7nM. The number of *H-ester binding sites 
per cell in the presence and absence of ionophore is 2.0 and 
1.9x 10°, respectively. The correlation coefficients for least-squares 
analysis in the presence and absence of ionophore are 0.96 and 
0.89 respectively. B/F, ratio of bound to unbound ester. 

Methods. Cells were prepared as described in Fig. 1 legend and 
A23187 was added at 200nM to cells. Following incubation for 
5 min at 37 °C, increasing concentrations of unlabelled ester were 
added to a constant concentration of 3 nM °H-4-8-phorbol-12,13- 
dibutyrate (specific activity 6.5 Ci/mmol~') and incubation for an 
additional 40 min. Following incubation, the cells were collected 
on glass fibre filters (Whatman 6F/C) and washed extensively with 
ice-cold buffer containing 50 mM Tris-HCl, pH 7.3, 150 mM NaCl. 
Specific binding of *H-ester to cells was determined by scintillation 
counting in an LKB 1212 Rackbeta liquid scintillation counter. 
Nonspecific binding of *H-ester was obtained by incubating cells 
in the presence of an excess of unlabelled ester which was sub- 
tracted from total binding to give specific binding. Results represent 
the mean+s.e.m. from a representative experiment performed in 
triplicate. Similar results were obtained each of the four times this 
experiment was performed. Nonspecific binding accounted for 

<20% of maximal binding. 


(5 min) and late (20 and 45 min) times after addition of ester. 
(Fig. 4). We found a striking difference in the initial rate of 
receptor down-regulation; in the presence of ionophore, addi- 
tion of 100 nM ester induced full down-regulation within 5 min. 
In sharp contrast, the same concentration of ester added in the 
absence of ionophore induced only a fraction of the maximal 
response at 5 min than noted at the later time points (Fig. 4). 
These results suggest that preincubation of cells with ionophore — 
can eliminate any lag time required for recruitment of protein 
kinase C to the membrane. 

Thus, phorbol ester-dependent down-regulation of the trans- | 
ferrin receptor provides a useful model for the study of the 
synergistic relationship between intracellular Ca** mobilization 
and protein kinase C activation. Several relevant conclusions 
can be drawn from this model: (1) elevating intracellular Ca?* = 
levels, which by itself is ineffective, ‘primes’ or ‘sensitizes’ the 
cells to the action of phorbol ester agonists; (2) higher intracel- 
lular Ca?” levels induce an increase in the apparent affinity: of: 
HL-60 cells for *H-4-8-phorbol-12,13-dibutyrate; (3) thë 
increased affinity is accompanied by a greater potency of phorbol 
esters with respect to transferrin receptor phosphorylation and | 
down-regulation; (4) the rate of receptor down-regulation, at 
all effective concentrations of ester, is greatly enhanced by Ca** 
ionophore. Therefore, transferrin receptor phosphorylation ; and 
down-regulation, which are tightly coupled in this system” ‘c 
seem to be a function of both intracellular Ca’* levels as ao 
as phorbol ester concentration. a 

Although it has been found that active phorbol. esters increase 
the affinity of protein kinase C for Ca** to the 107 M range 
and that binding of *H-ester to purified protein. kinase C has 
an absolute requirement for Ca?” (ref. 8), these findings can be 
explained in light of results obtained here and from recent. 
studies using an in vitro model system {see accompanying | 
paper”). Consistent with PENON findings”, the in vitro model 
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Fig. 4 Effect of A23187 on the rate of PDBu induced down- 
zi s Yegulation of the surface transferrin receptor. Additions were made 
as described in Fig. 1 legend. Cells with added PDBu were incu- 
<u bated for various times from 5 to 45 min as indicated on the 

abscissa. Following incubation, equilibrium binding with 145), 
~ferrotransferrin was performed as described in Fig. 1 legend. 
Results are expressed as the mean per cent of control binding + 

$.€.m. 


shows that phorbol esters also cause a redistribution of protein 
kinase C to the membrane compartment; however, this effect 
 réquires several minutes whereas the Ca”* effect is complete in 
a few seconds*’. Thus, exposure of HL-60 cells to Ca?* 
ionophore can effect a rapid redistribution of protein kinase C 
from the cytoplasm to the plasma membrane. The resulting 
exposure of the enzyme to membrane phospholipids leads to 
increased affinity for phorbol esters and a more rapid enzyme 
activation by these agents. This process is reflected in the 
increased potency of phorbol esters in stimulating transferrin 
_ Teceptor phosphorylation and down-regulation (Fig. 1), as well 
-as in the increased rate of receptor down-regulation (Fig. 4). 
Mediation of this membrane process requires activation of pro- 
tein kinase C”, Thus, the novel molecular model?” recognizes 
that synergism between phorbol ester and Ca’* mobilization 
occurs at the level of receptor phosphorylation that results from 
increased ester binding and enzyme activation. This suggests 
that, at least in part, protein kinase C mediates the effect of 
--Ca’* in this system. The combined effects of Ca’* and phorbol 
_ esters (or diacylglycerides*”°) on protein kinase C may also 
prove relevant for other systems that involve protein kinase C 
in transmembrane signalling, such as mediation of the action 
of certain hormones, neurotransmitters and growth factors. 
These studies were supported in part by NIH grant 
IR23 CA37903-01. 
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The residue Tyr 248 ot 9 carboxypeptidase A (CPA) is th yugh 
play a role in catalysis by contributing a proton to the p 
amine anion generated during cleavage of peptide substrates’ 
test this hypothesis we have modified the rat CPA cDNA’ by 
site-directed mutagenesis’ so that the codon for Tyr 248 is replaced 
by that for Phe. Here, we report the expression of the cDNAs fo 


system**, Following zymogen activation by trypsin, wild-type CP: 
(CPA-WT) and variant CPA (CPA-Phe 248) were purified te 
homogeneity and characterized enzymatically. CPA-Phe 248 dis- 
plays essentially undiminished values for the catalytic constant 
(keat) towards various peptide and. ester substrates. However, the 
Michaelis constants (K,, values) of peptide substrates and the 
inhibition constant (K,) of the potato carboxypeptidase inhibito 7 
are increased 6-fold and 70-fold, respectively. These data suggest 
that the phenolic hydroxy! of Tyr 248 does not act as the requisite 
general acid catalyst but participates in ligand binding. = 
CPA catalyses the hydrolysis of aromatic and branched 
aliphatic amino acids from the carboxy-terminus of peptid: 
and proteins. The amino-acid sequence? and. three-dimension a 
structure of bovine CPA are known’. The deduced stru: 
of the enzyme-substrate complex suggests that only two amir 
acids, Glu 270 and Tyr 248, as well as the essential zinc and 
water are close enough to the scissile peptide bond to be directly 
involved in catalysis''®. Various mechanisms involving these 
moieties have been proposed!” 714, X-ray diffraction analysis of- 
various CPA-ligand complexes shows that Tyr 248 undergoes _ 
a substrate-induced conformational change resulting in move- 
ment of the phenolic hydroxyl from the surface of the enzyme 
to within hydrogen-bonding distance of the cleaved peptid 
bond". Chemical modification of this Tyr residue typically 
results in decreased peptidase and increased esterase 
activity'’"'’, Tyr 248 was therefore suggested to be the general 
acid catalyst required for the hydrolysis of peptide bonds. The 
phenolic hydroxyl was presumed not to be required for cleavage 
of ester substrates as the alkoxide ion formed during ester 
hydrolysis is a more stable leaving group than the amide anio 
therefore the breakdown of the tetrahedral intermediate need 
not be dependent on the- provision of a proton. 
Replacement of Tyr 248 by Phe tests the role of the phenol 
hydroxyl in catalysis. The change can be accomplished by s 
directed mutagenesis of the C DNA followed by expressio 
of the mutagenized template. We have previously reported 
isolation of clones encoding rat CPA from a pancreatic cDN. 
library’. The deduced amino-acid sequence is 78% homologou 
with the well-studied bovine enzyme and the residues previot 
implicated in catalysis: or. ligand. binding are conserved bet 
the two species. Therefore, we have carried out the Tyr-to- 
replacement on the rat CPA cDNA. 3 
Conversion of the Tyr: 248 codon (TAT) to Phe (TTT). 
the rat CPA cDNA, pCQ1260, was accomplished by. 
nucleotide-directed. mutagenesis? 9 The expression ve 
pYaCPA-WT and pYaCPA-Phe 248 (Fig. 1a), contain a poi 
tion of the a- -factor gene” fused to the cDNAs for oe , 
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Fig. a, Schematic representation of the recombinant plasmids used for expression; b, predicted structure of the a-factor leader/proCPA 
fusion proteins. a, Rat CPA cDNA, pCQ1260, was subcloned into Mi3mp8 (ref. 35) and the single-stranded template, CPA/M13, was isolated. 

Oligonucleotides 5‘ AAAGTTCTCAGAAGCTTCAGCAG3’ and 5'GGGATAAGGTCGACTTTCAGTAGGG3' were synthesized as described 
elsewhere? and used to incorporate, respectively, a HindIH site at the rat preproCPA junction and a Sall site in the 3’ untranslated region 
by site-directed mutagenesis. The 5’ phosphorylated mutagenic primers and the M13 sequencing primer s'CCCAGTCACGACGTTS’ were 
simultaneously annealed to CPA/ M13, extended with T4 DNA polymerase and ligated essentially as described previously’? except that gene 
“92 protein was omitted during the extension. Transformation of JM101 and screening for the mutant template, CPA( HindIII/Sall)/M13, 

containing both inserted restriction sites was also carried out as described previously’. Following plaque purification of CPA( Hin- 
diti Sall)/ M13, single-stranded DNA was prepared and the entire DNA insert sequenced by the dideoxy-chain terminating method*’. Plasmid 
-pAB114 (ref. 5), a pBR322 derivative containing the a-factor gene, was digested with HindIII and Sall and ligated to the 1.2-kilobase (kb) 
HindII1/ Sall proCPA cDNA fragment from CPA( HindIII/Sall)/M13. The resulting vector, paCPA-WT, contains the in-frame fusion of the 
a-factor leader (495 base pairs, bp) and rat proCPA sequences under the control of the a-factor promoter and the putative transcription 
rmination signal in the 3’ flanking region of the a-factor gene. The 2.2-kb BamHI fragment from paCPA-WT was introduced at the unique 
BamHI site of YEp13 (ref. 38), a yeast plasmid vector which carries the yeast origin of replication and REP3 from the 2 wm circle, the yeast 
 LEU2 gene and a fragment of pBR322 containing the bacterial origin of replication and the ampicillin-resistance gene. The resultant plasmid, 
- p¥aCPA-WT, is capable of autonomous replication in both yeast and E. coli. The yeast plasmid containing the a-factor leader-proCPA-Phe 248 
| gene fusion, pYaCPA-Phe 248, was constructed in a identical fashion except for the additional oligonucleotide-directed mutagenesis of 
<CPA/M13 at the position indicated by an asterisk. The mutagenic oligonucleotide used for this purpose, ’GGCTTGAAAGATT- 
< GTGTCGATGATS3,, incorporates the desired Tyr 248 to Phe codon change as well as a neutral TC transition. The latter change facilitates 
` screening by increasing the T,,, differential between the WT and mutant template with respect to the mutagenic primer. Restriction sites: R, 
“EcoR!, B, BamHi; H, Hindlll: P, PstI; S, Sall. b, Arrow indicates the presumed cleavage site recognized by the KEX2 endoproteinase”. 
‘Ser (in bold letters) has replaced Asn as the first amino acid of the proCPA sequence as a result of the cloning strategy. As the studies on 
_ CPA-WT and CPA-Phe 248 involve determination of enzymatic activity following trypsin activation and release of the prosegment, this single 
- amino-acid substitution is inconsequential. An asterisk indicates the approximate position of the Tyr 248 > Phe substitution in the corresponding 
a a-factor leader-proCPA-Phe 248 fusion protein. 
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43K species is smaller than the expected size of rat proCPA : 
(45.5K, predicted from the cDNA sequence) but it has similar 
mobility to rat proCPA purified from rat pancreas (lane 4). 
Thus, the discrepancy is apparently the result of aberrant migra- 
tion during SDS-polyacrylamide gel electrophoresis (PAGE). 
The minor band migrating just above the 43K species is likely 
to be an incompletely processed a-factor leader~proCPA fusion 
protein (lanes 2, 3, 6). The accumulation of the 34K protein ` 
(lanes 2, 3, 6) which migrates identically with CPA purified 
from rat pancreas (lane 5) indicates that yeast can process the 
procarboxypeptidases. Proteolytic cleavage. probably. occurs at. 
the normal activation site, an Arg residue at the junction of the 
pro- and mature segments. A similar trypsin-like cleavage was 
observed within the B-endorphin peptide following its synthesis 
via the a factor-directed expression system (6). 
The presence of proCPA and CPA in the media from: yeas 
transformants, was also evident by alten meine abs 2b; Ja 
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Fig. 2 a, Western blot analysis of proteins secreted from a 
yeast transformant. Lanes 1-3, yeast strains BJ1994 (MATa, 
leu2, trpl, prbl-1122, pep4-3); lane 6, MH11-1b (MATa, 
his3/4, trpl, leu2~, ura3-52) and lane 7, MH11-1b 
(MATa/«a) were transformed by the Li-acetate protocol’ 
with: lane 1, YEp13; lanes 2, 6, 7, pYaCPA-WT; or lane 
3, pYaCPA-Phe248, and leucine prototrophs were selected. 
Yeast harbouring these plasmids were grown to stationary 
phase (Agoo~7) in selective media (SD-Leu) containing 
50 mM Na succinate (pH 5.5) and 0.1 mM ZnCl,. Aliquots 
of media were concentrated by tricarboxylic acid (TCA) 
(10%) precipitation in the presence of 0.4mgml"' 
nadeoxycholate before electrophoresis on a 12.5% SDS 
denaturing gel*®. The equivalent of 0.1 ml media was added 
to lanes 1-3, 6 and 7. Proteins were analysed by Western 
blotting as described elsewhere*' using rabbit anti-rat CPA 
antibodies. ProCPA (100ng) and CPA (100ng) purified 
from rat pancreas were applied to lanes 4 and 5, respectively. 


Protein relative molecular mass markers are indicated. b, Identification of CPA-WT and CPA-Phe 248 in yeast culture media, in vitro processing  — 
of the proenzyme and purification to homogeneity. Aliquots of media (20 ml) from yeast (BJ1994 MATa) containing YEp13 (lanes 2, 3), a 
_ pYa@CPA-WT (lanes 4, 5) or pYaCPA-Phe 248 (lanes 7, 8) were adjusted to pH 7 and incubated in the absence (lanes 2, 4, 7) or presence 
of 500 ng trypsin (lanes 3, 5, 8) for 2h at 37°C before TCA concentration and SDS-PAGE (12.5%). Each lane represents 2 ml yeast media, 
Culture media (21) from yeast harbouring pYaCPA-WT or pYaCPA-Phe 248 was concentrated by ammonium sulphate precipitation (80%) 
in the presence of bovine serum albumin (0.5 mg ml~'), resuspended in 20 mM Tris (pH 8.0), 0.5 M NaCl and incubated with 200 ug trypsin 
for 1h at 37°C to effect proenzyme maturation. Typical yields of either CPA-WT or CPA-Phe 248 present in the medium when cultures are E. 
grown to saturation (Agoo~7) were 0.5 mg 17". Activated CPA-WT or CPA-Phe 248 was dialysed against 20 mM MES (pH 6.0), 0.1 M NaCl, — . 
applied to a glycyl-t-tyrosyl-azo-benzyl succinate sepharose affinity column* and eluted with 20 mM Tris (pH 8.0), 0.5 M NaCl. The final 
step in the purification involved affinity chromatography on a Sepharose column to which was immobilized the potato carboxypeptidase 
inhibitor’. We used 0.1 M Na,CO,, 0.5 M NaCl to elute both CPA-WT and CPA-Phe 248, but whereas the wild-type enzyme required pH 11.4 | 
for efficient elution, the variant enzyme was successfully recovered at pH 10.4. CPA-WT (lane 6) and CPA-Phe 248 (lane 9) were purified to 
homogeneity as judged by SDS-PAGE; both co-migrated with rat CPA isolated from rat pancreas (lane 10). Staining was with Coomassie 
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brilliant blue. Protein relative molecular mass markers (lane 1) are as indicated. <A 


it does not react with anti-rat CPA antibodies (Fig. 2a, lane 1) 
and does not accumulate following trypsin treatment (Fig. 2b, 
lane 3). 

Enzymatic hydrolysis of the CPA ester substrate, benzoyl- 
glycyl-8-L-phenyllactate (Bz-Gly-OPhe), was detected in the 
media from yeast containing pYaCPA-WT and pYaCPA-Phe 
248 but not from yeast containing YEp13. Significantly, the 
activity was increased proportionately with the relative conver- 
_ sion of proCPA to CPA following treatment with trypsin. Fur- 
thermore, the activity was abolished by the chelating agent, 
o-phenanthroline, which is known to inhibit CPA. 

To reconfirm the sequence of the CPA-WT and CPA-Phe 248 
templates, pYaCPA-WT and pYaCPA-Phe 248 were isolated 
by plasmid rescue in Escherichia coli from yeast actively syn- 
thesizing the putative wild-type and mutant proteins. The 
sequence of the CPA coding regions revealed that the program- 
med changes, the A>T transversion (yielding CPA-Phe 248) 
and the neutral T>C transition (see legend to Fig. la), are the 
only differences between the templates. 

CPA-WT and CPA-Phe 248 were purified by ammonium 
‘sulphate precipitation, trypsin activation, affinity chromatogra- 
phy with immobilized benzyl succinic acid? and a second affinity 
chromatography step using the potato carboxypeptidase 
inhibitor (PCI)’. SDS-PAGE showed resulting preparations to 
be homogeneous (Fig. 2b, lanes 6 and 9, respectively). 

The kinetic parameters for hydrolysis of typical peptide and 
ester substrates by CPA-WT and CPA-Phe 248 are presented in 
Table I. Comparison of the kinetic constants shows that the Kes 
values of CPA-WT and CPA-Phe 248 are vitually identical for 
benzoyl-glycyl-phenylalanine (Bz-Gly-Phe) and Bz-Gly-OPhe. 
The Ka values for carbobenzoxyglycyl-glycyl-phenylalanine 
(Cbz-Gly-Gly-Phe) and p-chloro-trans-cinnamoyl-B-L-phenyl- 
lactate (CICPL) were decreased by 2-fold and 4-fold, respec- 
tively, as a result of the Tyr 248-to-Phe replacement. In addition, 
CPA-Phe 248 exhibited increased K,,, values for Bz-Gly-Phe 
(5-fold), Cbz-Gly-Gly-Phe (six-fold) and CICPL (10-fold). The 
Km of Bz-Gly-OPhe is not significantly affected by the Tyr 248- 
to-Phe substitution. 

The rate constants exhibited by CPA-WT are identical to those 

of the enzyme isolated from rat pancreas (data not shown). 
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Comparison of the kinetic constants of rat CPA for the hydroly- 
sis of Bz-Gly-OPhe with those of the bovine enzyme™ reveals — 
similar kou and Km values. Moreover, the Kons) Kun values of 

bovine CPA for the hydrolysis of Bz-Gly-Phe**, Cbz-Gly-Gly- 


Phe” and CICPL” are of similar magnitude to the rat enzyn e. 
However, both koa and K,,, for these substrates are 5 to 20-fold 
lower for rat CPA compared with the bovine enzyme. De 


The effective cleavage of Bz-Gly-OPhe and CICPL by CPA- 
Phe 248 indicates that the phenolic hydroxyl of Tyr 248 is not — 
required for ester hydrolysis, consistent with previous — 
studies’ *-'7:?7:28. However, CPA-Phe 248 and CPA-WT hydro- 
lyse Bz-Gly-Phe and Cbz-Gly-Gly-Phe to a nearly equal degree. 
Thus, the phenolic hydroxyl moiety is not obligatory for the | 
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Table 1 Kinetic parameters for substrate hydrolysis by CPA-WT and : 





















CPA-Phe 248 
Kinetic i f J 
Substrate parameter CPA-WT  CPA-Phe 248 x 
Bz-Gly-Phe ke (s7*) 17.7+0.7 21.2402 S 
Km (uM) 39.24 5.1 199+4 . 
l y Km 4.52 1.07 
(M~ s73) Je A 
Cbz-Gly-Gly-Phe kom 51.6419 23.1416 
K m 27.1+3.4 194+21 
10° *kege/ Key 19.0 1.3 x 
CICPL kou 17.5+0.7 413402 
K m 26.3 +0.39 2524+27 
tO kG Km 6.65 0.164 
Bz-Gly-OPhe ks 1194+ 62 1138441 
| 95.6477 136413 
T N 125 8385n RN 


CPA-WT and CPA-Phe 248 were assayed with Bz-Gly-Phe, Cbz-Gly- _ 
Gly-Phe, CICPL and Bz-Gly-OPhe. Hydrolysis was monitored spec- _ 
trophotometrically at 25 °C in 50 mM Tris HCI, 0.5 M NaCl (pH 7.5) at — 
relatively low substrate concentrations where kinetic anomalies are 
minimized, and the initial rate data were fitted to Michaelis-Menten _ 
kinetics using standard techniques. Protein concentration was deter- 
mined by amino-acid analysis. A 
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j ag) was preincubated for 15 min with the indicated concentra- 
cof PCL in 1. mi 50 mM Tris HCI, 0.5 M NaCl, pH 7.5. Cbz-Gly- 
Phe was added to final concentrations of 0.15 mM and 0.5 mM 
assay CPA-WT (@) and CPA-Phe 248 (©), respectively. PCI 
rcentration was approximated using the extinction coefficient 
ESA „a = 3.0 (ref. 7). 
































hydrolysis of peptide substrates, and Tyr 248 is not required to 
mediate general acid catalysis. If the Tyr 248 hydroxyl acts as 
proton donor at all, it can readily be replaced by an alternative 
group without compromising catalytic activity. The peptidase 
activity. manifested by CPA-Phe 248 is inconsistent with other 
mechanistic proposals'*. In addition, the formation of the 
pordination complex involving the phenolic hydroxyl of 
yr 248 and zinc which is observed in the arsanilazo derivative?’ 
cannot be a critical catalytic event. 

> Other chemical substituents that could fulfil the role of proton 
donation to the incipient amine anion of the scissile peptide 
bond include Glu 270 and water''''*)*_ Based on studies of 
thermolysin, Monzingo and Matthews’ proposed a mechanism 
for CPA action in which Glu 270 operates as the requisite proton 
donor in addition to its classical assignment as a general base. 
In this mechanism, the proton abstracted by Glu 270 from water 
during general base catalysis is transferred directly to the amine 
leaving group of the scissile peptide bond. 

_ The increase in K,, for the cleavage of Bz-Gly-Phe, Cbz-Gly- 
Gly-Phe and CICPL as a result of the Tyr-to-Phe substitution 
Suggests that the Tyr 248 hydroxyl group participates in substrate 
binding. However, the effect is not apparent for all substrates; 
or example, there is little effect on the K,, for the rapidly 
drolysed ester Bz-Gly-OPhe. A role for the phenolic hydroxyl 
gand binding is supported by X-ray diffraction analysis of 
glycyltyrosine-CPA complex''” which shows that the 
roxyl group of Tyr 248 can form hydrogen bonds with the 
roups of the scissile and penultimate amide bonds of a 
de substrate. 

ause of the effect of the Tyr-to-Phe replacement on the 
es of most substrates, we tested the ability of PCI to 
‘and CPA-Phe 248. PCI interacts with bovine 
omplex i in which residues 37-39 of the inhibitor 
i active site or CPA”. ' Our Sa perimemi show 































7 T: ji ermined, using Dixon plots”, that the analogous 
for CPA-WT and CPA-Phe 248 are 3 and 200 nM, respec- 
The decrease in the apparent affinity of rat CPA for PCI 
sistent with the X-ray structure of the bovine CPA-PCI 
plex; the phenolic hydroxyl of Tyr 248 forms hydrogen 
nds to both the amide proton and the carboxylate anion of 
Jat 38 of the inhibitor”. 
_ The apparent binding. affinity of the complex of rat CPA with 
z-Gly-Gly-Phe and PCI is decreased by 1.6 and 2.5 kcal 
a respectively, due to the Tyr 248-to-Phe replacement. In 
case these values are consistent with estimates? for the 
licted loss of two intermolecular hydrogen bonds. 
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Fig. 4 Effect of tetranitromethane (TNM) on CPA-WT and CPA- ©- 
Phe 248. Enzyme (30g) was incubated with 10mM TMN in 
50 mM Tris-HCl, 0.5M NaCl (pH 8.0), at 25°C. Aliquots were 
removed at various times and assayed with 1 mM Cbz-Gly-Gly-Phe i 

in 50mM Tris-HCI, 0.5M NaCl (pH 8.0), @---@, CPA-WT; 
@--—-@, CPA-Phe 248; or with I mM Bz-Gly-OPhe in 50mM 
Tris-HCl, 0.5M NaCl (pH 8.0); O---O, CPA-WT; O——O, 

CPA-Phe 248. 


We also tested CPA-WT and CPA-Phe 248 for the effects of 
tetranitromethane (TNM), a reagent which selectively nitrates 
Tyr 248 of bovine CPA”. Under standard conditions of assay 
(see Fig. 4 legend), nitration of bovine CPA results in decreased 
activity towards Cbz-Gly-Gly-Phe .and increased activity 
towards Bz-Gly-OPhe’®. TNM treatment of CPA-WT had 
similar consequences on catalytic activity (Fig. 4). However, — 
TNM treatment had no significant effect on the ability of CPA- 
Phe 248 to hydrolyse either Cbz-Gly-Gly-Phe or Bz-Gly-OPhe 
(Fig. 4). This result supports our conclusion that the replacement: 
of Tyr 248 has been accomplished and confirms that the effect” 
of TNM on catalytic activity is a consequence of. Tyr 248 
modification. The reason for the selective inhibition of peptidase 
activity by nitration’® (Fig. 4) or acetylation" of Tyr 248 remains 
to be elucidated. The non-parallel effect on the two classes of 
substrates cannot be explained by the stringency of the require- 
ment of the phenolic hydroxyl in general acid catalysis. Hence 
it seems to reflect mechanistic differences in the manner in which 
peptide and ester substrates are handled at the active site 
Further alterations of the amino-acid residues in the active sit 
may help to illuminate the molecular details associated with 
this interesting but elusive catalytic process. = i 

We thank Dr E. T. Kaiser for helpful discussions: Drs $ 
Roczniak, E. Fodor, M. Hall, A. Brake, R. Fletterick an 
Largman for their advice and assistance; Dr C. A. Ryan fo 
gift of potato carboxypeptidase inhibitor; and Ms L. Spe 
for preparation of this manuscript. This work was suppo 
NSF grant PCM830610 (to W.J.R. } and NIH -gi 
(to W.J.R.) and AM32539 (to E. T. Kaiser). NIH pos tdoctor: 
fellowships were awarded to- $.1.G. AMT CS 
(GM07216) and D.H. (AM07232). 

























Received 17 May; accepted 20 August 1985. 


1. Lipscomb, W, N. et al. Symp. Biol, Brookhaven 24, 24-90 (1968). | 
2. Quinto, ©. et al Proc. natn. Acad. Sci. USA. 79,3135 (1982), 
3. Hutchison, C. A. eral. J. biol. Chem. 253, 6551-6560 (1978), Pi ae 
4. Emr, $. D., Schekman, Ra Flessel, M. C. & Thormer, J. Proc. natn: Acad. ‘Sci. USA 
l 7080-7084 {1983}. ie 
§, Brake, A. J. et al Proc. naim. Acad. Sci, USA. 81, 4642-4646 (1984). Pe ov 
6. Bitter, G. A., Chen, K. K. , Banks, A. R. & Lai, R: Proc. nain. Acad. Sei U. na ši 5330-53 
(1984). 

7. Hass, G. M. & Ryan, CA. Meth, Enzym. 778-79} (1981). . ie 
. Bradshaw, R A Eric Son, L. H Wah K. A ‘& Neurath, H. Proc. natn. Acad. s 





























tees, D. E, leii, M. à e Lipeóset, W. NG ee Biol 168, 367-387 {1983}. 
Rees, DECS Lipscomb, W:N, Proc. natn, Acad, Sci. U.S.A. 78, 5455-5459 (1981). 
> Lipscomb, W. N. Proc. hath. Acad: ‘Sei, USA, 77, 3875-3878 (1980). 

. Vallee, B. L., Galdes, A., Auld; D; 8. & Riordan, J. F. in Metal lons in Biology Vol. 5 (ed. 
Spiro, T. G.) 26-78 (Wiley, New York, 1983}. 

x Kaiser, E. T. & Kaiser, p E. Ate: chem, Res. $, 219-224 (1972). 

i Biochem. Biophys. 203, 542-552 (1980). 

jallee,. B. L. Biochemistry 3, 616-622 (1963). 

k Vallee, B. L. Biochemistry 6, 3609-3617 (1967). 

t biol Chem. 254, eee 11874 (1979), 





w. 


















i Science 228, 391 -297 { 1985). 
tskowitz, ke Cell 30, 933-943. (1982), 

Brake, A., Blau, L., Kunisawa, R. & Thorner, d. Cell 37, 1075-1089 (1984). 
“Schekman, R. & Thorner, J. Cell 36, 309-318 (1984), 

E: By Bazzone, T. J., Riordan, J. F. & Vallee, B. L. Analyt, Biochem, 107, 341-349 











taker, J. R, Menger, F, & Bender, M. L. Biochemistry §, 386-392 (1966). 
Davies, R.C, Riordan, J. F., Auld, D. $. & Vallee, B. L. Biochemistry 7, 1090-1099 (1968). 
id, D: 58. & Vallee, B. L. ‘Biochemistry 9, 602-609 (1970), 
& Kaiser, E. T. J. Am. chem, Soc. 92, 1940-1947 (1976). 
ky, J, Hall, P. L. & Kaiser, E. T. Biochem. biophys. Res. Commun. 47, 244-247 (1972). 
rtison, L. W., Auld, D.S. & Vallee, B. L. Proc. natn: Acad, Sci U.S. A. 72, 4356-4360 (1975). 
Monzingo, A. F. & Matthews, B. W. Biochêmisiry 23, 5724-5729 ( 1984); 
| Rees, D.C. & Lipscomb, W. N, J. molec. Biol 160, 475-498: ere 
. Dixon, M. Biochem: J. 129, 197-202 (1972). 
; Fersht, A. R. et al Nature H, 235-238 (1985) 
4. Muszynka, G. & Riordan, J. F. Biochemisiry 15, 46-51 (1976). 
"35. Messing, J. & Vieira, J. Gene 19, 269-276 (1982). : 
“36, Urdea, M. S. et al Proc. nain. Acad. Sei. U.S.A, 8, 7461-7465 (1983), 
“3%. Sanger, F., Nickien, S. & Coulson, A. R; Proc, natn. Acad. Sci, U.S.A, Ta, 5463-5467 (1977). 
F JAR. Broach J. R. Meth. Enzym: 104, 307-325 (1983). 
y lio, H., Fukuda, Y, Murata, K. & Kimura, A. J Bact 153, 163~168 (1983). 

40. Laemmli, U. K. Nature 227, 680-685 (1970). 

41 £ Bürnettë; W, N. Analyt. Biochem, 112, 195-203 (1981) 

















A Drosophila Minute gene 
encodes a ribosomal protein 


< Kritaya Kongsuwan*, Qiang Yut, Alain Vincentt, 
_ Marta C. Frisardit, Michael Rosbasht, 
Judith A. Lengyel*} & John Merriam"§ 


+ Department of Biology, and ł Molecular Biology Institute, 

:- University of California at Los Angeles, California 90024, USA 
+ Department of Biology, Brandeis University, Waltham, 

7 Massachusetts 02254, USA 





` Minute genes have long constituted a special problem in Drosophila 
- genetics. For at least 50-60. different genes scattered throughout 
the genome’, dominant mutations and/or deficiencies have been 
recognized which result in a common phenotype consisting of short 
thin. bristles, slow development, reduced viablility, rough eyes, 
osm all body size and etched tergites*, Schultz’ proposed that the 
: Minute loci encode similar but separate functions involved in 
growth and division common to all cells. Atwood and Ritossa’ 
ggested that Minute loci encode components of the protein 
nthetic machinery, specifically the transfer RNA genes; this now 
seems. unlikely on grounds of both. mapping’ ‘and mutability 
idies’. More recently, we’? and others'' suggested that the 
finute loci are ribosomal protein genes. We report here that 
ansformation with a cloned 3.3-kilobase (kb) region containing 
e gene encoding the large subunit ribosomal protein 49 (rp49) 
ppresses the dominant phenotypes of. Minute (3)99D, a pre- 
iously undescribed Minute associated with a chromosomal 
-deficiency of the 99D interval'*. This activity is specific to the 99D 
. Minute as it does not suppress other Minute loci elsewhere in the 
- genome. This result provides direct evidence that the Minute locus 
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Fig.1 Construction of cp20.1-RP49 plasmid. a, Structure of 
cp20.1 with rp49* gene insert. DNA containing the rp49* gene 
(b) was inserted into the unique Salf site of cp20.1 (a gift from. 
John Lis, modified from Carnegie 20; ref. 19). b, The recombinant: 
phage c25 (ref. 10) was digested to completion with Psti. The 
3.8-kb Pst1/ PstI fragment, containing the rp49* gene, was purified 
from a 1% low melting agarose gel and ligated to Pstl-digested 
pUCT plasmid vector”; Escherichia coli strain JM83 was used for. 
transformation and white colonies were selected on MacConkey 
plates**. DNA. with the entire 3.8-kb PstI/ Pst! fragment was 


rp49* gene was purified from. a low-melting-point agarose gel, : 
ligated to Sall-digested cp20.1 and transformed by standard pro- 
cedures” into E. coli strain HB101. The structure of cp20.1-RP4 
was verified by restriction mapping. The dashed: line indicat 
pUC7 DNA inadvertently included in the fragment cloned in 
cp20.1. The brackets indicate the Drosophila DNA included in th 
cp20.1-RP49 plasmid. The 3.3-kb DNA fragment inserted int 
cp20.1 has been well characterized. Much of it has been sequen. 
ced'®; it also hybridizes. to three pat transcripts {in addition: 
rp49 RNA) as it is complementary to the very 3’ end of the A an 
D sry transcripts” and the 5’ half of the embryo-specific transcri 
of gene 1 (this latter transcript. has been mapped by R-loopin 
consequently, the fraction of the gene ‘present on the transform 
DNA fragment is an estimate). It is formally possible, altho 
unlikely in our view, that one of these gene fragments, or som 
yet unidentified region, contains the Minute-rescuing activity. Thi 
possibility is being investigated. 























( DfB81 )°, which lacks the portion of chromosome 3 distal to 
99C8, in combination with a duplication (67A) of the tip o 
right arm of chromosome 3 '°, have a strong Minute pheno 
A series of duplications with different end points was used 
show that the Minute locus is located within the region 99 
(refs 12, 14). In situ hybridization to the same duplicatic 
deficiency chromosomes (data not shown) confirms that th 
gene also lies within the 99D2-9 interval'*"* and is unce 
by the synthetie deficiency Bel -67A vee. termed 1 D 


~ at the 99D interval encodes the ribosomal protein 49. 

p49 was mapped by in situ hybridization to the chromosomal 
. region 99D (ref. 10), near the previously described Minute (3)1. 
Although M(3)1 has recently been mapped more precisely to 
99B5-9 (ref. 13), distinct from the position of rp49, we have used 
_the following genetic approach and identified a previously unde- 
ibed Minute which maps’? within the same region as rp49. 
les — ene nes ‘ening gencar chromosome Bol 
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25 as described previously’ ®t. 


nheritance). 


i the 991) Minute is caused by the absence of one copy of 
p49 gene, the introduction of an additional copy of the 
by P-element-mediated DNA transformation should sup- 
ss the: ‘Minute phenotype. A plasmid containing the rp49 gene 
constructed for this rescue experiment. The entire rp49” 
ig region, ‘as well as ~0.6 kb of downstream and ~2.1 kb 
stream DNA!'*!” (the region indicated in brackets in Fig. 
were int erent into > the hiker 1 ry nagarane vector!” a 




























‘tved D Non-Minute, Ubx flies derived from 
arrying the balancer chromosome" DpUbx* Mep®; (2) 
g; non- Ubx ies, which carried Dp67A; DfB81, but did 
receive the ry * marked p[rp49* ] insert as. confirmed by test 
rosses of these F, males to ry females (data not shown), (3) 
non-Minute, non-Ubx flies which did not receive the 
Or pee. chromosome and must, therefore, carry 
a esi l, but were e wild dtype (M A in vappesiance, opn 


















p201- RP49 Asad construct (Fig. 1) was co-microinjected with p725.1 (ref. 32) into Drosophila eanbeavs of the genotype Sy The 
injected adults were backcrossed to ry°”* flies and their progeny were selected for ry” eye colour. Injections and crosses were performed by 
lard procedures as described elsewhere”. From 387 injected embryos, 62 adults (and 39 fertile adults) emerged, and from these, 7 ry -containing —- 
ials (A, B, C, D, E, F, G, H) were obtained. Several individuals from each vial (for example, Al, A2, A3, A4) were maintained and propagated 
s transformed lines. Thus, p[rp49* ] lines with the same letter were derived from the same injected embryo (GO generation). For p[(CH8] control © > 
es, three individual ry *-transformed lines (814, 829, 838) were obtained. For each line, the sum of two crosses involving Dp67A; DfB81-bearing 
nales to p[rp49” ]- or p[ CH8]-bearing males is shown. F, progeny were scored daily and a fly was identified as a Minute if three or more adjacent 
fistles. (macrochaetae) were short and thin (see Fig. 3). Scoring was confined to the dorsal bristles of the head and thorax. The expected ratio of 
ie Ubx (class 1):non-Ubx (classes 2+3+4) progeny is approximately 2:1 because of the nature of the synthetic deficiency used in these crosses. _ 
Jnly one-quarter (instead of the usual half) of the F, progeny received both the Dp67A and DfB81 chromosomes. Those that did not receive the: 
uplication 67A from the mother were heterozygous for the terminal deficiency B81 and hence were lethal. Some of the transformed plrp49* ] 
vales. were heterozygotes, -with respect to the transforming DNA, as evident from the approximately equal proportion of the offspring in the 
on- Minute, non-Ubx as in the Minute, non-Ubx classes. For several lines (C2, D1 and F2) the non- Minute, non- Ubx progeny were significantly — 
orè | numerous than the corresponding Minute progeny, probably because some of the males used in crosses were homozygous for the insert, and 

iso because some of the inserts had multiple integration sites (for example, D1). See Fig. 2 for a description of the progeny classes 1-3. tt 
_* Insita hybridization to salivary gland chromosomes was carried out with *H-labelled RNA probes complementary to the recombinant phage 


t The chromosomal location of each insert was determined by crosses between females homozygous for ry* 
plrp49*] insert(s) and bearing dominantly marked second and third balancer chromosomes (none of the transformed lines tested showed sex-linked 


marked p[rp49° ] insert from their fathers was confirmed by test 
















2 3 4 
1 Minute non- Minute Intermediate 
Ubx non- Ubx non-Ubx non- Ubx 
174 41 52 moame 
254 56 50 15 
180 51 51 8 
176 92 0 pe 
212 37 62 5 
244 34 63 — 
181 o SI 88 — 
214 27 70 9 
184 44 47 4 

































? and males heterozygous for the 


+ Mapping of the insert(s) using the M* phenotype was done by crossing males heterozygous for the pfrp49 *] insert and the dominant markers. ` 
“urly on the second chromosome and Stubble on the third chromosome to Dp67A; DfB81-bearing females. The Minute suppressor was assigned 
) the second and/or third chromosome based on the M* or Minute phenotype of the appropriate segregants. 


crosses of the F, males to ry females (data not shown). The 
presence of the Dp67A; DfB81-bearing chromosomes in thes 
apparently M* flies was also verified by outcrossing them to 
wild-type (Oregon R) flies; in all cases, Minute progeny wer 
recovered among the offspring (data not shown). In control 
experiments, flies transformed with the construct ¢cp20.1-CH8 
(ref. 20) (containing an 8-kb HindIll RENS inchading t th 
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DprA; DfBS1 i in combinati on with most ethied irang Mlan afers; 
cers is poorly | viable and sterile. Tt was therefore maintained over ` 
chromosome"? ates af a which- carries. a a guplitition: of the 
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Fig.3 p{rp49*] suppresses the short and thin bristle phenotype 
of M(3)99D. a, Scanning electron micrograph” of the dorsal thorax 
of a Dp67A; DfB81/+ Minute female showing the characteristic 
small and thin macrochaetae. A, PNp=notopleurals, A, PSa= 
supraalars, A, PDc=dorsocentrals, A, PPa=postalars and A, 
PSc=scutellars where A=anterior and P = posterior. b, Micro- 
graph of the dorsal thorax of a Dp67A; DfB81/p[rp49* ] female 
taken at the same magnification (62.9) as a, showing normal-size 
macrochaetae. Corresponding macrochaetae labelled in a are indi- 
cated in b by arrowheads. Note also the substantial difference in 
the length of the postvertical bristles on she head (arrows). 


adjacent serendipity (sry) genes'’*°; Fig. 1) did not suppress 
the 99D Minute phenotype in similar crosses (Table 1), nor did 
the p/[rp49* ]-transformed flies suppress 15 Minute genes map- 
ping at other loci (data not shown; the Minute loci shown not 
to be suppressed by the p/[rp49"] insert are M(1)n, M(2)173, 
M(2)H®, DfM(2)c*?a, M(2)m*°, M(2)S2°, M(3)be***, M(2)Z, 
M(3)1, DfM(3)f, M(3)h*, DfM(3)S31, M(3)S32, M(3)w and 
DfM(4)°" ). 

As a further test of the notion that suppression of the 99D 
Minute phenotype is caused by the transformed rp49* sequen- 
ces, we mapped the p/rp49"] inserts independently by in situ 
hybridization and by genetic crosses which followed the segrega- 
tion of the ry* marker and the Minute suppressor (data not 
shown). The results of these mapping experiments for eight lines 
showed that in every case the chromosome sites of the p/rp49* ] 
DNA, the ry” marker and the Minute suppressor are in agree- 
ment (Table 1), as expected if the ry "-marked p/rp49” ] acts as 
the Minute suppressor. 

Not all the p/rp49*] inserts suppress, or suppress to an equal 
extent. In line B2, p[rp49*] did not suppress the 99D Minute 
phenotype. Perhaps the insert lost, or did not receive, an active 
p[rp49" ], despite the presence of the insert as detected by in 
situ hybridization with phage c25 DNA (Table 1). In this line, 
the p/rp49*] insertion site was at 39E (near the histone genes 
at 39D-E; ref. 21), which is near the chromocentre (Table 1). It 
is possible that some position effect at this location results in a 
low level of transcription of the p[rp49*] insert. In five other 
lines (A3, B1, C2, F2 and F4), although the p/rp49°] insert 
completely suppresses the Minute phenotype in most flies, a 
few flies with an intermediate phenotype are found (Table 1). 
Test crosses of the intermediate-Minute males to rosy females 
confirm the presence of the p/rp49°] insert (data not shown). 
Although these data suggest that the level of p{[rp49* ] expression 
is not the same in all transformants, all transformants are ry”. 
This is not surprising because wild-type eye pigmentation 
requires <1% of the normal level of xanthine dehydrogenase 
(XDH)****. We conclude that the Minute phenotype associated 
with the deletion of the 99D interval is specifically suppressed 
by the p[rp49* ] insert but that this expression may be somewhat 
variable and position dependent, as shown for other transduced 
genes’*?>. 
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Fig.4 Developmental time (from egg to adult) for the three classes 
of progeny resulting from the cross between M(3)99D and p[rp49* ] 
flies (Fig. 2, Table 1). Dp67A; DrB81/Dp(3)Ubx"Mcp® females 
were mated to p[rp49*] males of line Al. After 2 days together, 
the cross was allowed to lay eggs in active yeast-supplemented 
medium for 12 h. Development was at 25 °C. After emergence, the 
adult progeny were collected twice daily. To eliminate any bias in 
scoring, six replicate cultures were independently scored by two 
observers. The results did not differ significantly between the obser- 
vers and were therefore summed for analysis. N, number of flies 
examined in each class. The non-Minute DpUbx'Mcp* fies 
required an average of 9.9+0.4 days to emerge after egg laying. 
The Minute Dp67A; DfB81 flies showed prolonged development, 
requiring on average 12.2+0.4 days after egg laying to emerge as 
adults; this is significantly longer than that of the control sibs 
carrying the Ubx duplication (G-test, P < 0.01). The non- Minute, 
non-Ubx flies, which carried the p/rp49* ] insert, exhibited a nor- 
mal developmental time, requiring an average of 9.6+0.5 days to 
emerge as adults. This was not significantly different from that of 
the control sibs (P > 0.6). 


In addition to suppressing the thin-bristle Minute phenotype, 
the p[rp49”] insert also restores the normal developmental rate _ 
of the 99D Minute-bearing progeny (Fig. 4). By 10 days after 
egg laying, 83% of the non- Minute, non- Ubx flies had emerged 
as adults, compared with only 2% of the Minute flies. The 
p(rp49"] inserts thus suppress not only the Minute bristle 
phenotype but also the slow development syndrome. 

The p[rp49°] insert also suppresses a previously undescribed 
maternal effect on embryonic segmentation pattern associated 
with the 99D Minute. The 99D Minute females, when mated _ 
with wild-type males, laid eggs which were, on average, smaller 
than normal (data not shown). Also, some 10-15% of the — 
unhatched eggs died as mature embryos and exhibited a specific 
cuticular defect; the abdominal segments posterior to A3 were 
often fused and partially deleted (Fig. 5). This abdominal 
phenotype is not observed in embryos from Dp67A; DfB81 — 
mothers bearing p/rp49* ] (Fig. 5); in addition, eggs from these 
mothers are of normal size (data not shown). Thus, the p{[rp49"] 
insert specifically suppresses the maternal effects of M(3)99D. 

The multiplicity and phenotypic similarity of the various 
Drosophila Minute loci, as well as their effect on cell division 
rate”, allow the prediction that many of them encode ribosomal 
proteins. Presumably, mutations at Minute loci lead to the 
Minute phenotype by lowering the rate of ribosome assembly 
and, hence, the rate of protein synthesis”. A substantial variation 
in messenger RNA levels for different ribosomal proteins”, in 
the absence of dosage compensation”, may explain the observa- 
tions that there are fewer Minute loci than eukaryotic ribosomal 
proteins®*’, and also that there are both weak and strong Minute 
mutations*. For genes whose mRNA levels are almost twice 
what is required to sustain a normal growth rate, a heterozygous 





Fig.5 Ventral cuticular patterns of embryos obtained from crosses 
y of wild-type males with Dp67A; DfB81 Minute females (a), and 
with Dp76A; DfB81/p[rp49* ] non- Minute females (b). Embryos 
were fixed and mounted as described previously’. For a detailed 
zi description of cuticular pattern, see ref. 39. A, abdominal segment; 
T, thoracic segment. a, A characteristic segmentation defect; the 
abdominal segments posterior to A3 are fused and partially deleted, 
, leaving a remnant of the fused denticle bands. This phenotype is 
È suppressed by the p/[rp49"] insert since unhatched embryos with 

the segmentation defect are not observed from the p/rp49* J- 

bearing females. 


ke deficiency would be expected to have an undetectable, or only 

a mild phenotype. For genes at the other extreme, that is, those 
ka whose mRNA levels are only barely in excess of what is required 
~ {almost rate-limiting), a heterozygous deficiency would be 

expected to have a severe phenotype. Presumably M(3)99D falls 
in this latter class, as the heterozygous deficiency is a strong 
Minute and is not fully rescued in all of the transformed lines, 
that is, phenotypic rescue by the transduced gene is sensitive to 
modest position-effect modulation of gene expression. 
s A primary effect of Minute mutations on ribosome assembly 
_ would also explain two interesting observations of Schultz’: 
a Three wild-type doses of a particular Minute gene do not sup- 
= press a mutation in a different Minute gene; and the phenotype 
~ Of double or triple Minute lines is no more severe than that of 
4 line carrying only the most extreme single Minute mutation 
x of the combination. We propose that the mutation giving rise 
to the lowest ribosomal protein mRNA level is rate limiting for 
ribosome assembly. The presence of other less severe mutations 
will have no apparent effect. In this light, Schultz's observations 
~ suggest that many Minute mutations are effectively deletions 
= which result in reduced levels of ribosomal proteins, and thus 
__ retard the rate of ribosome assembly. They may be true deletions 
or, equally likely, some of them may be missense or nonsense 
mutations’’*' which encode mutant ribosomal proteins that 
cannot assemble. 
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Corrigenda 


Primary structure and genomic organization 
of the histidine-rich protein of 
the malaria parasite Plasmodium lophurae 


J. V. Ravetch, R. Feder, A. Pavlovec & G. Blobel 
Nature 312, 616-620 (1984) 


Since publication of this article, sequence analysis of the genomic clone 
8A using the chemical degradation technique of Maxam and Gilbert 
has revealed that the M13 clones used to generate the sequence published 
in Fig. 3 has undergone rearrangement due to the repetitive nature of 
the sequence cloned. A deletion of 90 nucleotides had occurred in the 
repeat region 938-1087. In contrast to the 5 published repeats of the 
sequence APHHHHHHHH, 8 repeats are found in the genomic clone 
by Maxam-Gilbert sequencing. These are encoded as 3 copies of the 
sequence GCTCCACACCATCATCACCACCATCACCAT followed 
by 5 copies of the sequence GCTCCACACCATCATCACCACCAC.- 
CACCAT. Recombination in the M13 clone had occurred between 
repeat 2 and $ generating the 3 repeat deletion. Similarly, in the region 
1178-1474, encoding 10 copies of the sequence DAHHHHHHHH in 
the M13 subclones, only 6 copies are found by sequence analysis of the 
genomic clone using chemical degradation sequencing techniques rep- 
resenting an insertion of 120 bp in this region. Evidence for the presence 
of an insertion and deletion has been independently obtained from 
sequence analysis of a partial cDNA clone corresponding to the region 
926-1,648 (Irving et al. Molec. biochem. Parasit., in the press). These 
results reflect the potential difficulty in using subcloning into single- 
stranded phages to obtain DNA sequence data on highly repetitive 
genes of this type. 





The effect of climate on long-term changes 
in the crustacean zooplankton 
biomass of Lake Windermere, UK 


D. G. George & G. P. Harris 
Nature 316, 536-539 (1985) 


In line 5 of the first paragraph on p. 537 the area of the south basin 
should read 6.78km* and the last word on line 18 should read 
copepodites. 
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fins. recently been shown'” that the 
man leukaemia-associated 
phia chromosome’ results from a 
cal translocation which fuses the 
ne on chromosome 9 with the ber 









ecently published sequences’ needs 


“the Alu dispersed repeat family’ are 
- present. This breakpoint, like some others, 
“may have resulted from illegitimate rec- 
-ombination within an Alu sequence. | 
In one of the cases reported. by 
‘Heisterkamp et al.’ (0319129), the authors 
‘noted homology to Alu; an Alu unit on 
chromosome 9 has recombined with a 
partly similar but misaligned sequence on 
chromosome 22 (see Fig. 1). In the other 
case (02120185), the presence of Alu 
sequences was overlooked and makes 
the identification of the breakpoint 
ambiguous. As shown in Fig. 1, the trans- 
location chromosome (9q+) again has an 
Alu unit recombined with a non- 
homologous sequence from chromosome 
22, This Alu unit lacks the first 103 nucleo- 
tides of the standard Alu sequence, and 
its truncated 5’ end is joined to the 
chromosome 22 sequence with a 2-nucleo- 
tide overlap (nucleotides 109-110 of Fig. 
3b of ref. 1; vertical bar in our Fig. 1). 
The data presented do not make it clear 
whether this is the actual 9;22 junction. 
The ‘chromosome 9’ sequence aligned by 
the authors appears to be a different Alu 
sequence—-in fact, two 3’-half-Alu sequen- 
ces joined by a long A-rich tract—with 
numerous (13/81) differences from the 
9q+ Alu sequence. If the latter is indeed 
from chromosome 9, it is probably derived 
from a different Alu unit, which could be 
_ located in chromosome 9 clones by iden- 
~tifying unique chromosome 9 sequences 
“at the other end of the Alu sequence. 
Alternatively, it may be a 5’-truncated Alu 
-unit inserted into chromosome 22 sequen- 
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Fig. 1 Disposition of Alu sequences in 

the sequences of Heisterkamp et al’. In 

each case the Alu (+)-strand is 
homologous to the ( — )-strand of the pub- 
=. lished sequences. The 300-nucleotide Alu 
<. consensus (top line)’ consists of two 
=- homologous halves, each followed by an 
i.: A-rich tract which is indicated by zigzags. 
he filled box indicates a partly Alu- 
lated. sequence aires by pera 





‘Philadel- 


yn chromosome 22. However, the- 
osition of the breakpoint i in one of | 


arification, because repeated sequences 


a ‘centromere of the breakpoin at on chromo- 


ces on 9q+; this would be an unlikely 
coincidence, but 5’-truncated insertions do 
occur’. 

The fact that one and probably both of 
the 9:22 translocations occurred within 
Alu sequences is interesting in itself. Four 


_ separate thalassaemias have been caused 
by illegitimate recombination within Alu 


sequences’; so has one case of familial 
hypercholesterolaemia®. All these had 
breakpoints at different points in the Alu 
sequence. Because Alu sequences con- 
stitute 3-5% of the human genome, these 
occurrences could be coincidental’, but it 
is possible that Alu sequences are hot 
spots for illegitimate recombination. 


JOHN ROGERS 
MRC Laboratory of Molecular Biology, 
Hills Road, 
Cambridge CB2 2QH, UK 
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HEISTERKAMP AND GROFFEN 
REPLY-~We agree with Rogers that the 
positioning of the breakpoint in chronic 
myelogenous leukaemia (CML) patient 
02120185 is subject to discussion. 
Although we discussed some aspects of 
the consequences of the Ph’ translocation 
in this patient’, we would like to elaborate 
on this issue. We have shown previously” 
that the 9q+ fragment of this patient rep- 
resents a chromosome 9;22 chimaeric 
DNA fragment. The normal chromosome 
9 DNA sequences were subsequently iso- 
lated using the chromosome 9 part of the 
9q+ as a probe, thus demonstrating that 


‘the. chromosome 9 and 9q+ sequences 


must form a set. Subsequently, we have 
localized the ‘breakpoint’ on the normal 
chromosome 9 fragment by comparative 
restriction enzyme analysis of the normal 
chromosome 9 and 9q+ fragments. On a 
nucleotide level, the situation is less clear. 
As we have indicated, 13 nucleotides 
within an 81-base-pair (bp) stretch are 
different between the 9 and 9q+ chromo- 
some; moreover, 27bp on the 9q+ 
chromosome do not originate from the 
chromosome 22 or chromosome 9 sequen- 
ces shown. 

Although the sequences shown’ must 
represent the actual 9q* sequences present 
in patient 02120185, we cannot with cer- 
tainty define the mechanism by which this 
configuration was attained; we favour the 
explanation that on translocation of the 
chromosome 22 sequences to chromosome 
9, the resulting 9q+ chromosome was 
unstable, and a deletion, probably 
between Alu sequences, occurred. The 
boxed 9q+ sequences would then rep- 
resent the original 9q+ sequences while 
sequences more to the 5’ would originate 
from sequences located more towards the 


e. 


surrounding the breakpoint in patie 





some 9. Nonetheless, we cannot exclude 
the possibility suggested by Rogers that 
S'-truncated Alu unit was inserted into the 
chromosome 22.sequences on the 9q7+ 
chromosome. 
It is also noteworthy that part of the Alu 
sequences on chromosome 9 of o 
(14bp 3’ of the breakpoint) — 
homologous with the Alu sequence: 
chromosome 9 in patient 0319129: - 
nucleotides in 02120185, 36 can be. f 














0319129. This suggests that the bre 
points on chromosome 9 fall within simil 
types of Alu repeat sequences. Howeve 
on chromosome 22, breakpoints and A 
repeats do not seem to coincide; althougl 
Alu sequences can be found in the sequen- 
ces around the breakpoint on chromosome 
22 in patient 0319129, similar sequences. 
seem to be absent in patient 02120185.. 
Moreover, regions of ber containing 
numerous breakpoints for different CML 
patients have been used as repeat-free pro- 
bes” in Southern hybridizations, indicating 
that these regions lack Alu repetitive 
sequences. Therefore, Alu sequences may 
be hot spots for recombination, but not- 

all illegitimate recombination events in 
CML seem to occur within repetitive : 
sequences. 
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The age of (a tiny part of) 
the Australian continent 


SCHARER and Allègre’, using isotope © 
dilution analysis of single grains and frag- 
ments of zircon, recently failed to sube- 
stantiate a report by Froude et al’, based 
on the ion microprobe SHRIMP», of zir- 
cons older than 4,100 Myr from Mt- 
Narryer, Western Australia. In their dis- 
cussion, Scharer and Allègre disparaged 
the ion microprobe results on various: 
grounds, although they did not actually- 
state that they were wrong. Here, we wish 
to give a simple explanation for Scharer 
and Allégre’s null observation, to correct 
an evident misreading of Froude et al. 
and to advise that the ages of the > 4,100- 
Myr-old zircons are unchanged following 
reanalysis by SHRIMP and that several 
more such grains have been discovered. 

Scharer and Allégre did not discuss the 
statistical implications of the very low 
abundance of the >4,100-Myr-old grains 
(hereafter termed the ‘old’ grains) found 
by Froude et al., which was 4 in a total of- 
102 zircons analysed at that time. Suppose 
for the moment that this abundance 
exactly right, so that the chance of select- 
ing a single young grain will be 0.96; i 
follows that the chance of selecting. 3: 
young grains in succession which Schärer 




































































and d Allegre have done, is s (0. 9677, that i is, 
0.27. Although 27% is not a very high 
probability, it is nevertheless far too high 
to be disregarded. Scharer and Allègre 
-have not analysed a sufficiently large num- 
ber of zircons to decide whether there are 
any old grains in the original Froude et 
al. concentrate or not. All that can be 
concluded from their results alone is that 
e abundance of old grains is less than 
about 9%, which would give a probability 
of successively selecting 32 young grains 
<0.05. If we now accept that Froude et 
$ abundance estimate of 0.04 for the 
id grains has an uncertainty of the order 
0.02, it becomes obvious that many 
more grains than 32 must be analysed 
before the existence of the old grains could 
be excluded with any confidence. Schärer 
and Allègre admit that grain selection as 
the reason for their lack of old grains 
‘cannot be completely eliminated’, but that 
single sentence is not an adequate assess- 
ment of the statistical issue. 

= We regret that Scharer and Allègre were 
_ apparently misled by Fig.3 of Froude et 
al. into believing that all four old zircons 
; had the same appearance as Froude et al.’s 
grain 34. Grain 34 alone is unique: mor- 
- phologically, the other old grains cannot 
- be distinguished from the rest of the popu- 
dation. For this reason, Froude et al. ana- 
lysed at random all except the very turbid 
-zircons rather than a prior selection 
- according to this or that visual criterion. 
. Scharer and Allègre did make a prior non- 
< random selection. It seems possible, there- 
_ fore, that they may have unwittingly 
_ biased their grain selection against the old 
zircons. 

-Our current estimate for the abundance 
of old zircons in the same concentrate used 
_ by Scharer and Allègre is 5 in 260. Each 
of the original four old grains has been 
 reanalysed by ion probe (with good agree- 
ment), and one more has been discovered 
{na total of 158 new zircons analysed. At 
this lower observed abundance, the 
- chance of missing an old grain in 32 suc- 
cessive selections is slightly more than 
< $0%. On this basis, it is no surprise that 
Scharer and Allègre did not find one. 

<- Scharer and Allegre perceive differences 
in discordancy patterns between their data 








Matters Arising 


tatters Arising is meant as a vehicle 
r comment and discussion about 
apers that appear in Nature. The 
riginator of a Matters Arising 
ontribution should initially send his 
manuscript to the author of the ori- 
“ginal paper and both parties should, 
< wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 



















that there are any significant differences 
between the two set of analyses, as long 
as the greater experimental uncertainty in 
measuring Pb/U by ion probe is taken into 
account. In fact, we consider that Scharer 
and Allègre have confirmed Froude et al.'s 
results for the 3,750 Myr-old and younger 
zircons. The data for all 20 of Froude et 
al.’s young zircons fall along and extend 
the discordancy band shown in Scharer 
and Allégre’s Fig.2a between 3,750 Myr 
and 1,400 Myr. Those that fall above Con- 
cordia mainly represent valid excursions 
along a correlated y-x error locus due to 
uncertainty in determining Pb/U, which 
is greater for the ion probe (see Table 1 
of Froude et al”) than for isotope dilution 
analyses to which conventional zircon 
geochronologists are accustomed. A few 
analyses above Concordia for the old zir- 
cons belong there because of local meta- 
morphic redistribution of Pb, as docu- 
mented recently by Williams et al.*. It is 
true that such ‘reverse discordance’ is 
rarely if ever found in conventional work. 
This probably reflects the difference in 
sampling scale between ion probe analy- 
ses, which typically consume a few 
nanograms of zircon, and conventional 
analyses which at best consume a few 
micrograms’ and typically many mil- 
ligrams, thereby averaging out any fine- 
scale variation in Pb/U. 

Scharer and Allègre also consider that 
the contrast between their consistently dis- 
cordant ages for the young zircons and the 
“apparently concordant” ages of the old 
grains measured by Froude et al. presents 
a difficulty. The facts are that most of 
Froude et al’s ion probe analyses of the 
old grains are slightly below Concordia, 
and two at most are above it. We concede 
that if Froude et al. had a systematic error 
of a few per cent too high in their measure- 
ments of Pb/U, the old grains would 
appear to be more condordant than they 
really are. However, Froude et al.’s results 
for the Isua zircons do not show a major 
effect of this sort. On the other hand, there 
is the following central question which 
Scharer and Allégre do not address: if the 
ion probe ages of >4,100 Myr are wrong, 
how can the high and very consistent 
values of *°’Pb/?"°Pb for these particular 
samples be explained? The corrections for 
common Pb have negligible effects, the 
observed precision of the ratios is high 
and due mainly to counting statistics, there 
are no known isobaric interferences under 


207Ph, and the discimination between Pb 


isotopes during sputtering (in contrast to 
Pb” and U*) is negligible. Why do Froude 
et al. measure the correct *°’Pb/*°°Pb for 
the Isua zircons also? 

Thus, we believe that Scharer and 
Allégre have simply been unlucky in fail- 
ing to find any >4,100-Myr-old zircons, 
and that this is understandable when their 


low abundance is considered. There is no | 


question of the reality of the old grains. 


Two more >4,100-Myr-old zircons have _ 





been found recently i in a second winnie S 
horizon at Mt Narryer®. 


and those of Froude e et ral We do not agree - 


France 





Finally, the preliminary interpretations 
of the young zircon data from the Mt- 
Narryer quartzites given by Froude et al. | 
and followed by Scharer and Allègre are — 
now superceded by conclusions in new | 
papers (refs 6, 7 and P. D. Kinny et al, — 
in preparation), which include discussion — 
of the zircon age discordancy patterns, the - 
timing of deposition and metamorphism 
of the quartzite, and the provenance of the; 
(young) detrital zircons. ee 
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SCHARER AND ALLEGRE REPLY—The 
comment of our Australian colleagues is 
not surprising, but does not provide any 
new information, except one speculation 
which is incorrect. Zircon samples have 
not been selected according to any special 
criterion such as one which would elimi- 
nate old grains. Our 39 analyses, rep- 
resenting 32 grains, include zircons of all 
the different crystal types distinguishable 
in this sample. The probability calcula- 
tions given above would rather reinforce 
our cautious but clear conclusions. 

We are more interested in the truth than — 
in promoting any peculiar technique. The - 
only solution to the dilemma would be a — 
re-examination of the >4,000-Myr-old zir- 
cons by isotope dilution, and an extensive 
study by both techniques on identical 
grains from populations with simple and © 
well defined histories. a 

We thus take this opportunity to reiter- 
ate our offer to analyse any grain that they... 


can send us, even just one, two or three. 


Furthermore, we would be grateful if the — 
Isua ion probe data, to which the authors 
refer so frequently, could be ‘published 
soon. 
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upon tie even if the 
ighly skilled per- 


979 the “anadian government set a 
et to increase expenditure on research 
nd development to reach 1.5 per cent of 
he gross national product (GNP) within 
five years. In the event this was not 
achiéved and the total expenditure in 
984, $C5,000 million, represented only 
.25 per cent of GNP. The growth in re- 


target, the number increasing by only 
8,000 to total the equivalent of 28,000 full- 
me scientists and engineers in research in 
1984. Over half were employed in in- 
dustry, which has shown the fastest 
growth in research personnel over the past 
decade, while one-quarter were in govern- 
ment employment: and. 16 per cent in the 
universities (Table 1). 

The latest assessment ot the adequacy 
f Canada’s research manpower resources 
p to 1990, in a report issued by the 
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search manpower fell similarly short of 


bs fees and Teocionneni is forecast in Canada, but these will be in the 
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searchers with research qualifications, 
and staff in areas such as computer science 
and biotechnology, where shortages were 
expected under any scenario. 

Annual demand for new PhD students 
could rise as high as 3,000 per year mod- 
elled on scenarios of high growth and ris- 
ing éxpenditure on research and develop- 


ment, or be as low as 600 per year with no 


growth in research or GNP. The corres- 
ponding figures for MSc students range 
from 1,300 to 3,800, and both sets of fi- 
gures showed marked differences accord- 
ing to discipline. As there was believed to 
be a plentiful supply of BSc students, de- 
tailed projections were not made. 
Traditionally, the majority of new re- 
searchers have come from the ranks of 
newly qualifying graduates and post- 
graduates. Last year there were over 
16,000 full-time postgraduates. studying 
relevant disciplines in Canadian universi- 
ties, a dramatic increase on the 11,000 five 
years earlier. However, one-third of the 
growth was accounted for by foreign stu- 
dents, with nearly all of the increase in the 
applied sciences and engineering coming 
from overseas students. In 1984 they 
accounted for over half the students in 
these subjects and more than one in three 
studying physical sciences and mathema- 
tics, a pattern not dissimilar to that found 
in the United States and Britain. In Cana- 


| da, were it not for this growth, many uni- 


versity departments would have had prob- 


lems maintaining their graduate program- 


mes and research. 
Looking forward, the number of post- 
graduates is already largely determined 


for the period to 1990, given the long lead 
times necessary to adjust university prog- 
rammes. The number of Canadian post- 


graduates awarded MScs is expected to 


rise from 2,500 in 1984 to 3,900 in 1990, 
but less than half are expected to enter 
employment directly. The corresponding 


figures for PhDs are 670, rising to 994, 
although all of the PhDs are expected to 


seek work, postdoctoral work being re- 


garded as employment. The average 
annual supply of postgraduate researchers 


| entering the labour market over the next 
five years will be around 1,950 at the MSc 
level and 850 PhDs, but under half are in 
the shortage subject areas of applied 
sciences and engineering (Table 2). | 
The council believes that the shortages | 


applied scientists Saad engineers, new re- | 











that will exist under any realistic sc 
can be reduced only by a combina 
factors. These include raising the p 
tivity of researchers (measured as | 
searchers per unit of research ex 
ture) and i increasing the inflow of sı 


Table 2 Average. annual supply of 


postgraduates 1984-90 
MScs 
Applied sciences and engineering -906 
Physical sciences and mathematics 418 
Agricultural and biological sciences M4 
Health professions 314 
Total 1,952 





Source: Research Talent in the Natural Scier 
Engineering, Supply and Demand Projections 
(NSERCC, 1985). 


qualified staff from jobs not cont 
with research and giving them appro 
retraining, although this latter. opt 
not thought likely to yield sign 
results if US experience is repeate 
the growth in research posts is | 
centred on industrial needs, another 
is for companies to upgrade the re: 
skills of existing staff, particularly tk 
first-degree level. If this were to be 
in collaboration with university pro 
mes, the universities themselves wo 
beneficiaries of industrial exper 
While immigration is not seen to be ; 
tion, given worldwide shortages, a 
productive opportunity could be to 


it easier for overseas students to stay 


Canada by relaxing immigration cri 
Within the education system, one 


constraint-on increasing the supply « 


postgraduates is that there are not è 
qualified students in the pipeline we 


postgraduate. funding programme 
increased. There is thus a longe: 


need to improve science teachi 


schools. and to encourage more stu 


particularly ‘women, to study. re 


subjects. 


Demand in key disinn such a: 
puter science, biotechnology and s; 
ist engineering is expected to grow 
cularly fast, and much of the gros 


research jobs will be in industry | 


than academia or government. As 


potential entrants to research an 


velopment will have to have an edu 
that permits flexibility to be able 
spond to changing needs and will h 
look beyond the traditional career ` 


to benefit from any research boom. 
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Richard Pearsoni is at the Institute of Mar 


| Studies, Mantell Building, University of. 
Brighton BNI ORF, UK. 
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ai - chemistry. Hard. Inert. 
Synthetic. The ultimate support —Trisacryl". 
Whether for Affinity, Ion Exchange or Gel Fil- 

l : : tration, Trisacryl is engineered to give you better 

ani eae mte | yegults — guaranteed! 





THE INFLUENCE OF FLOW RATE AND 
PARTICLE SIZE/SHAPE 


D optimal flow rate 


1K B 2205 CM-Trisacryl* M 
spherical, 40—80 am, NaC] =0.5M 


—= (Competitor CM-ion exchanger 
cellulose, microgranular, [NaCl] =0,625 M 








25 mi and 30 ml for respective components, (AV =5 ml) 


Buffer 0.05M sodium acetate, pH 4.5, ([NaCl] see figure) Get the facts in our new catalogue and give your- 
self a whole new scenario of problem-free chro- 
matography. 

Trisacryl is developed and manufactured by §§ 839 


Pointet-Girard (Rhéne Poulenc Group) 


Column 16 100 mm (20 ml) 
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Three-dimensional structure of the ‘porin’ channels of 
the outer membranes of the bacterium Escherichia 
coli. Reconstructed from electron microscopic 
sections, the channels can be seen to have a trimeric 
structure, with the three openings on the outer surface 
of the bacterium merging into a single opening on the 
inner surface of the membrane. See page 643. 
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in situ Hybridization Kit 


Oncor is pleased to announce the development of reagents and protocols for in situ 
hybridization. Any *S- or 3H-labeled probe may be used in this system for the detection 
of DNA or RNA targets in cells or frozen tissue deposited on microscope slides. DNA or 
RNA targets are detected in situ microscopically after autoradiography. Counter stains 
such as H & E and Wrights stain are compatible with the system. 


All Oncor probes may be purchased labeled with °H or *S for use with the in situ 


hybridization kit. 





(A) 








Legend: In situ hybridization of *S- probes for detection of cellular RNA, showing positive (A) and negative (B) 
hybridization. Burkitt Lymphoma cell line was hybridized with *°S-c-myc probe (A) or ”*S- A probe (B). 
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The case for staying in UNESCO 


This month’s biannual meeting of the general assembly of UNESCO at Sofia is not the make-or-break 
meeting it might have been, but a sign to reluctant members that they had best stay in. 


Or all international organizations, UNESCO (United Nations 
Educational, Scientific and Cultural Organization) is the most 
high-minded and thus the most deserving of support. Founded 
in the brief glow of rosy optimism that followed the ending of the 
Second World War, and in the belief that there are ways in which 
nation-states may benefit from each other's enlightenment, 
UNESCO has nevertheless been a bitter disappointment to its 
well-wishers. The few achievements it can fairly boast of (it has a 
nasty habit of boasting of others’ achievements as 1f they were 


also 1ts own) would probably have been brought about by other- 


agencies tf UNESCO had never been founded. Now, and for the 
past five years, UNESCO has become a divisive influence in 
international relations. Many of its recent initiatives seem 
almost to have been calculated to cause trouble. Thus the pro- 
gramme to launch a “new information order” would have given 
governments, and malevolent governments ın particular, an 
open licence to control the flow of information about them- 
selves. In its smaller works, UNESCO shares with the Greater 
London Council the distinction of being one of the most gener- 
ous sources of support for causes that are saved from wrong- 
headedness only by their impracticability. It is also extravagant- 
ly run and badly administered. 

These are some of the reasons why the United States, once 
responsible for 30 per cent of UNESCO’s budget, quit with 
effect from the end of 1984 A year ago, Britain took the first 
step in that direction, saying (in a letter to the director-general, 
Mr Amadou-Mahtar M’Bow) that it would decide after the 
meeting of UNESCO’s governing body at Sofia this month 
whether to pull out as well. A British decision to withdraw would 
probably be followed by a few others, but not many. By all 
accounts, the British government has not yet made up its mind 
Sofia will hardly help. Like previous meetings of this kind, there 
has been the usual crop of arguments about the validity of Israel 
and other credentials to attend the meeting. Decisions to cut 
spending to match income (now reduced) have been resolved 
but not yet implemented. UNESCO’s programme has been 
trimmed here and there, but there ts still no sign that the orga- 
nization is any nearer getting to grips with the underlying diffi- 
culty: how to tackle sensibly the vast array of problems specified 
by its charter. Those inclined to walk out last year cannot con- 
vincingly pretend that the reforms they were demanding then 
have since become realities 


Changes | 

What has changed, partly as a consequence of the withdrawal of 
the United States, is the political climate in which UNESCO 
exists. The organization’s natural supporters have closed ranks 
behind Mr M’Bow. The poorest countries and those part-way 
through the process of development, India for example, say that 
they are being robbed of an important channel of technical 
assistance. Governments unconvinced of the case for staying in 
UNESCO find their scepticism smothered by the fear that UN- 
ESCO will become a Soviet-led cabal legitimized as a UN agen- 
cy and nursing a grievance against the industnalized West. So 
governments still represented at Sofia tend to look on the bright 
‘side of what is happening, mistaking talk of reform for the 
«reality. The result, so far, is that the Sofia meeting has been 
unexpectedly harmonious, the usual skirmishing notwithstand- 


ing The hidden danger in this appearance of amity, for 
UNESCO’s critics, 1s that compliance now will be taken as 
acquiescence in UNESCO’s traditional pattern of activities. 
And the plain truth is that none of the clamour for reform ın the 
past few years has been radical enough to conjure up an orga- 
nization that would be capable of fulfilling the terms of the 
original charter, let alone of giving the remaining members a 
sense that their subscriptions are being wisely spent. 


Criticisms 

Most of the critics’ complaints against UNESCO are directed 
against the symptoms of the organization’s underlying trouble, 
not against its causes. It would be wise, even at this late stage, if 
both UNESCO's critics and friends could make a more objective 
appraisal of the organization they have inherited from four 
decades of thoughtless neglect by member governments. 

The scale of the organization is important. UNESCO’s 
budget, with extra contributions for special projects but without 
the US contribution, amounts to less than $200 million a year, 
which means that UNESCO is financially smaller than many 
major universities and smaller even than the substantial private 
foundations in the United States. Yet the charter requires that 
the organization should take an interest in the whole of scho- 
larship, culture and education, while its tradition, accreted 
accidentally during the past four decades, 1s to attempt to func- 
tion as if it were a grant-making agency. Of necessity, of course, 
UNESCO seeks to spend a little money so as to induce others to 
spend much larger amounts (and then makes a virtue of necessi- 
ty by describing itself as a catalyst). One inevitable consequence 
is that most of UNESCO’s schemes are poorly supported, 
cumbersome to manage and indeCisively executed. In the com- 
petition for good ideas, it gets the leavings. Another consequ- 
ence paradoxical for a would-be catalyst is that UNESCO is 
pathetically eager to continue supporting its successes, precisely 
those projects from which it should be quick to walk away. So 
UNESCO should set out more deliberately to be an advocate of 
good causes which others must support. In present circum- 
stances, there 1s not the slightest possibility that UNESCO 
would ever have sufficient funds to match the foundations that 
operate internationally, let alone its own ambitions. 

But how could an organization without money to jingle in its 
pockets ever hope to accomplish anything? This stock response, 
from UNESCO management, is a measure of the gap that has 
opened between the ideals of the charter and present practice. 
The simple answer is that there 1s plenty that could be done, by 
an intelligently organized UNESCO, that would require neither 
the present huge staff of several thousands nor the token grants 
with which the organization attempts, usually in vain, to kindle 
fires here and there. For instance? If high-energy physics is 
really getting to the point at which no single sponsor can afford 
the next, or the next-but-one, accelerator, may there not be a 
role for an international beater of heads together? With the less 
developed countries crying out for technology transfer without 
knowing what the phrase means, or what the consequences 
would be, should not UNESCO or some other body step in to 
help? (The most successful transfer of technology so far, that of 
plant breeding, has been sponsored by the World Bank, with 
UNESCO standing dumbly on the sidelines.) The hard prob- 
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lems of securing the independence of academic institutions 
which, perforce, must be supported with public funds, deserve a 
more thorough international hearing than they have had, Even 
the handling of news on an international basis is a fit subject for 
discussion, contentious though it would be; UNESCO’s fault so 
far is that 1t has sought to market a solution for a problem it has 
not bothered to define. 

But changes along these lines would damage the few good 
things that UNESCO does at present; that ıs what the cautious 
will protest. Certainly UNESCO without an operating budget 
would be unable to provide the annual subvention that main- 
tans the Paris headquarters of the International Council of 
Scientific Unions, the secretariat of the International Commis- 
sion on Oceanography and the general drum-beating on behalf 
of the Man and Biosphere programme. But these are precisely 
those parts of UNESCO’s present programme whose value ts 
generally accepted and that will find support from their benefi- 
ciaries even if UNESCO vanishes without trace. UNESCO even 
as ıt is can take pride in having backed these good causes but can 
confidently leave their future in other hands, saving its energy 
for the more difficult tasks that remain untackled. UNESCO 
needs to become what it pretends it 1s already, an intellectual 
catalyst. 

Reform, along lines such as these, would mean a UNESCO 
very different from what now exists. Ironically, 1t would also be 
an organization that spent an even greater proportion of its 
resources on itself, which only goes to show the United States 
and Britain are mistaken in complaining that one of UNESCO’s 
present sins is that it spends too much on itself. That complaint 
starts from the premise that UNESCO is, or should be, yet 
another technical assistance agency of the United Nations. But 
there are too many of those already. What UNESCO should be 
is what it was designed to be, a cross between a kind of interna- 
tional academy of all the sciences and humanities and a body 
capable of knowing (and saying) ‘what public policies would 
advance that cause. Present attempts to make UNESCO more 
efficient will push it in an opposite direction. 

So the reformers should ask themselves afresh what tasks are 
implied by UNESCO’s charter, what functions can be accom- 
plished with a budget of the present size (or even smaller) and 
what machinery might serve the purpose. Their conclusion, no 
doubt, would be that a smaller group of people (few of whom 
would be drawn from the present bureaucracy) might, by cana- 
lizing the energies of far-sighted people in other jobs, perform 
an international public service on behalf of scholarship and 
culture. Having no money to spend (except, perhaps, on peo- 
ple’s travelling expenses) would entail the beneficial conclusion 
that wrong-headed schemes such as the new information order 
could not be foisted on unwilling subscribers except with their 
consent. Britain and like-minded critics of the present regime, 
having made a fuss without quite knowing why, should not now 
pretend that the reforms on offer at Sofia are a sufficient re- 
sponse. Instead, they should demand that UNESCO must be- 
come what it was meant to be and then declare their willingness 
to stay to bring that end about. Pulling out is the easy option, 
which the member governments have made seem sensible by 
their indifference to what UNESCO has been up to all these 
years. The end of Mr M’Bow’s present term of office two years 
from now should be a chance to put things right. E 


Summit talking 


Preparations for next month’s summit meetings 


are getting out of hand. 

Tune blind date that has been arranged between President 
Ronald Reagan and Mr Mikhail Gobachev at Geneva next 
month will be a strange affair The objective ts said to be that 
these two powerful politictans should find a way of cutting 
through the difficulties that at present divide them, especially on 
strategic arms control. But the two people have not previously 
met each other in the flesh, nor exchanged a single word of 
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conversation, civil or otherwise In circumstances like these, the 
ideal would be that the blind date should be as little hedged 
about with restrictions as may be possible It might even be 
better to agree in advance that no decisions will be made at this 
first meeting, but that there will be another in a few months or 
so. So why are the two men and their assistants apparently 
determined to have their conversation in advance, in public? 
And on specifying what they will or will not agree at Geneva in 
such detail that there will be precious little to talk about when 
they meet? 

The most serious issues to have emerged from the torrent of 
public speaking ın the past few weeks are three — the US plan to 
develop a defence against missiles (the Strategic Defense Initia- 
tive or SDI), the sanctity of the Anti-Ballistic Missile (ABM) 
Treaty (1972) and the development of anti-satellite weapons 
(one of which was tested for the second time by the United 
States last month). If some kind of understanding can be 
reached on these questions, there seems no reason why the 
patient negotiating teams also at Geneva should not be able to 
reach an agreement on something like the Soviet plan for a fifty 
per cent reduction of strategic warheads (but that will take 
time) Unfortunately the two sides are busily painting them- 
selves into different corners by insisting on what they will not 
concede 

SDI 1s the most serious stumbling block, 1f only because so 
much has been said about it, but 1s clearly linked with the ABM 
treaty. The United States is right to insist that a ban on research 
is unverifiable and therefore unacceptable, which Mr Gor- 
bachev appears to accept But the United States 1s wrong to say 
(as the US Department of Defense said last week) that testing 


components of SDI would be compatible with the treaty pro- 


vided that they were not complete weapons systems; one objec- 
tive of the treaty was to prevent just the kind of development 
now in prospect And it does not affect the integrity of the treaty 
to point to the recent development of anti-missile defences in the 
Soviet Union, as the US Secretaries of State and of Defense did 
in their detailed account of Soviet hardware put out last week; 
either these developments are compatible with the treaty (which 
allows the missile defence of Moscow) or they are violations, 
and.they should be dismantled. 

The way out of this fix ıs that the ABM treaty should be 
modified so as to allow the provision of better early-warning 
systems (see Nature 3 October, p.371) but otherwise reaffirmed. 
The problem of anti-satellite weapons should be dealt with in the 
same way. In 1972, when the ABM treaty was signed, the 
strategic importance of military remote-sensing satellites was 
not as evident as it has become. The case for making sure that 
one side cannot knock out the other’s warning and communica- 
tions systems 1s strong. So the ABM treaty should be amended 


‘to include an interdiction of the deployment of anti-satellite 


weapons. Testing should also be banned. But, the US State 
Department and the Pentagon say, the Soviet Union has already 
ground-based launching systems ready to be used against US 
satellites. The information is so specific as to be plausible, but 
the solution is simple: demand that the hardware ın place should 
be destroyed and not rebuilt 

Steps like these seem reasonable enough, but it is a lot to ask 
that the summiteers should take them when the general climate 
of the relationship between their two countries is at such a low 


_ebb. And while an arms control agreement might reasonably be 


expected to contribute to better relationships, it ıs dangerous to 
hazard agreement in that vital field on the chance that next 
month’s blind date will work out The two concerned had better 
plan to talk about some less contentious issues as well. C 


Biological manuscripts 


Contributors are reminded that, with the transfer of the Biolo- 
gical Sciences Editor to the Washington office, they should ir 
future send four copies of all manuscripts offered for publicatior 
either (as at present) to London or to Washington. 
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Inmos puts its head i in 
the lion’s mouth 


Tokyo 
SELLING microchips to Japan is not a task 
for the faint of heart. But Inmos, the 
United Kingdom's only , microchip com- 
pany and a pygmy compared with the 
eight giant Japanese electronic corpora- 
tions, is trying to do just that. Last. week 
the revolutionary product on which they 
pin their hopes — the transputer — was 
launched in Tokyo, as well as in the 
United States and the United Kingdom. 
To avoid being crushed underfoot, In- 
mos has aimed at a product that does not 
compete directly with anyone else’s. The 
transputer is claimed to be the first “com- 
puter on a chip”; on less than a centimetre 
square of silicon are a programmable pro- 
cessor, a2K random access memory and a 
. special set of four two-way communica- 
tion channels. These features-make the 
transputer not only a powerful muicro- 
processor in 1ts own right but also give it 
the capability to be linked up to many 


Other transputers — tens, hundreds or 


` perhaps even thousands. Thus the trans- 


puter may provide a building block for 
computers of the future that work in 
parallel rather than sequentially. 

There are good reasons for building pa- 
rallel computers, although enormous con- 
ceptual difficulties remain in building a 
general-purpose parallel! machine (see 
below). In principle, each time the num- 
ber of processors is doubled, the proces- 
sing time is halved — and the sky is the 
limit. Of course, it is not so easy to divide 
up problems among processors to get 
linear increases in speed. But Inmos does 
have a few convincing demonstrations of 
what can be done, given the nght prob- 
lem. One example ıs that of generating a 
two-dimensional picture, complete with 
shadows and highlights, of several three- 
dimensional coloured objects wluminated 
by lights. The problem is not easy because 
each object will contain reflections of all 





Why should computers go parallel? 


Tokyo 

A CONVENTIONAL Computer operates step- 
by-step by- fetching data from a central 
memory store, operating in it and return- 
ing the result to the store. To crack huge 
problems, like those of modelling the be- 
haviour of the atmosphere or nuclear reac- 
tions, or. to produce the computational 
power needed for “intelligent” applica- 
tions, computers are being built with cen- 
tral processors that can perform one op- 
eration after another at ever higher speeds. 
But the limits to this approach are already 
on the horizon. — 

_ The day is coming when computers will 
perform operations so quickly that even at 
the speed of light there will not be time to 
fetch data from memory stored more than 
a few tens of centimetres away. So compu- 
ters-will have to become more and more 
compact, but as they do it becomes im- 
possible to disperse the heat they produce. 
That is one reason why researchers are 
trying to find ways to use many processors 
working in parallel; another is that the 
staggering engineering problems that have 
to be overcome to build the next generation 
of supercomputers will make them pro- 
hibitively expensive. 

Solving a problem in parallel is much 
like tackling a real-life organizational 
problem, say that of running a journal. 
Different parts of the total task can be 
assigned to different editors, all working in 
parallel. But their efforts have to be syn- 
chronized and information passed back 
and forth between them (and outside con- 


tributors) in order that the final goal, pro- 
duction of a complete journal, can be 
achieved. The difficulties of dividing up a 
problem, ensuring that different parts are 
done at the right time, passing the right 
information back and forth between pro- 
cessors, and making sure no processors are 


Sitting idle, have to be solved to build an 


efficient parallel machine. Some types of 
problem will require individual processors 
to be powerful and fairly independent, as 
in image processing where the same opera- 
tions can be performed simultaneously on 
every part of the image. Others will re- 
quire enormous information exchange be- 
tween different processors and thus enor- 
mous interconnectivity. 

The transputer can provide the basic 
building block for the construction of such 
parallel machines, as its on-chip memory 
and special communication channels en- 
able it to talk to other transputers while 
performing operations. Even more impor- 
tant is that the transputer has been built 
around a special language, OCCAM, de- 
veloped at the University of Oxford for 
parallel applications. OCCAM commands 
make it easy to specify what set of processes 
are to be performed in parallel and to de- 
fine communication channels which come 
into use when receiver and sender are 
ready to pass information. Indeed, 
OCCAM is the first practical language to 
provide a simple means of controlling con- 
current operations; it already has 5,000 
users worldwide including an enthusiastic 
band in Japan. Alun Anderson 
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the other objects as well as the lights It 
can be solved by tracing the path of each 
ray of light, and as the rays are unaffected 
by one another it 1s possible to divide the 
work among processors — the more trans- 
puters Inmos puts onto the problem the 
faster ıt ıs solved Similar logic has been 
applied in building a machine to ‘encode 
and match fingerprints for Scotland Yard. 

The possibilities for inventive designs 
incorporating transputers are endless. 
And it is those who are looking for new 
parallel solutions to tricky problems who 
are likely to be among the first customers 
for the transputer. Indeed, such people 
are already banging on Inmos’s door. But 
for financial success Inmos has to look 
beyond these customers to the conven- 
tional microprocessor market and that will 
be a harder nut to crack. Used as a single 
32-bit microprocessor (the kind of chip 
that forms the heart of personal comput- 
ers, for example), Inmos claims that the 
transputer 1s still very considerably faster 
and more efficient than microprocessors 
produced by Intel or Motorola, the two 
US companies whose designs dominate 
world markets. And it 1s very easy to add | 
more transputers when more facilities are 
required But Intel and Motorola are 
already well established. 

Beyond the ‘‘cOnventional micro- ' 
processor market may come a third wave 
of buyers as the possibilities offered by 
parallel processing become more widely 
appreciated by conventional program- 
mers. Indeed, it is even possible that 
OCCAM, the transputer’s special prog- 
ramming language, will become a world 
standard for parallel applications. 

But Inmos has first to establish itself ın 
the microprocessor market. The next two 
years should show whether the transputer 
will be a world-beater or whether, like the 
rear-engined jet and the hovercraft, it will 
turn out to be one of those British ideas 
that are too far ahead of their time. | ` 

`- Alun Anderson 


Soviet hostages dead 


Two Soviet geologists who were kidnap- 
ped by rebel forces n Mozambique in Au- 
gust 1983 are dead, the Mozambican fore- 
ign ministry has announced. The geolog- 
ists, Yuri Gavrilov and Viktor Estamin, 
were in Mozambique under a scientific 
and economic cooperation agreement, as 
advisers to the Mozambican mining indus- 
try in Morrua, Zambezi province. During 
a rebel raid on 21 August.1983, 24 Soviet 
geologists were captured; most, however, 
were subsequently released as a result of 
military action by government forces and 
diplomatic negotiations. Gavrilov and 
Estamin remained in rebel hands. 

This brings the total of Soviet victims of 
the Morrua raid to six; two were killed in 
the raid itself, while two others were 
known to have died of hardship during 
their captivity Vera Rich 
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NEWS 


Centenary revives old questions 


Copenhagen 

Tue eight hundred or so who gathered at 
the Niels Bohr Institute last week to cele- 
brate the centenary of Bohr's birth were 
united in their awe and admiration of the 
quantum theory, which they agreed has 
been colossally successful at every level 
that it touches. Yet the gathering also 
vividly showed how the old questions, 
mostly first asked by Bohr himself, con- 
tinue to haunt those who think about the 
quantum mechanical description of the 
world. 

Anthony Leggett of the University of 
Illinois put the dilemma clearly. “By day, 
you can see me sitting at my desk solving 
Schrédinger equations and calculating 
cross-sections just like any other physicist. 
But occasionally, at night . . . I question 
whether quantum mechanics is the com- 
plete and ultimate truth about the Uni- 
verse . .'. Worse, I am inclined to believe 
that at some point between the atom and 
the human brain, the superposition prin- 
ciple must break down.” 

But even those who marvel at the 
theory Bohr built do not suggest that the 
limitations of quantum theory have been 
fully explored. Does quantum mechanics, 
successful on the scale of one or a few 
atoms, function when there are large num- 
bers of them? Schrodinger’s paradox of 
the cat in a box reappeared last week, but 
in a refined form. The cat may be in one of 
two states, alive or dead, and in the 
absence of information one way or the 
other must be assumed to be in a super- 
position of the two. But when the box ts 
opened and the cat observed, only one 
state / is possible. 

The underlying question is whether the 
essence of the quantum mechanical 
description, the superposition of states, 
does carry through from the microscopic 
to the macroscopic. Leggett last week de- 
scribed a superconducting ring containing 
a Josephson link that may be used to test 
the issue. Current can flow in one direc- 
tion or the other, but can it be said to be 
flowing ın both directions at the same 
time? Leggett's subversive hope ıs that 
“common sense” will prevail, in which 
case quantum mechanics will have to be 
adjusted for large numbers. But most last 
week held that common sense would fail 
and quantum mechanics tnumph: the ex- 
periments of Aspect and his colleagues, 
the argument goes, have already shown 
that, at the microscopic level, one cannot 
talk of a “real” world independent of the 
observer without breaking the barrier to 
the velocity of light. 

That would have delighted Bohr, but he 
would have been surprised at the degree 
to which arguments involving symmetry, 
and symmetry-breaking, have become fe- 
atures of physical explanations. Philip 
Anderson (Princeton) applied the notion 


to the nature of the measurement process, 
while Robert Schrieffer (Santa Barbara) 
showed how symmetry-breaking leads to 
fractional quantum numbers m systems as 
different as electrically conducting 
polyacetylene, two-dimensional hetero- 
Junction semiconductors and the Bose- 
Dirac fields of relativistic field theory. 

Symmetry, or symmetry-breaking, 
comes into its own in particle physics, of 
which Sheldon Glashow (Harvard) gave 
a charactenstically racy account. The 
quarks and leptons which seem to be the 
fundamental particles of our world, and 
the characteristic forces between them, 
are the consequences of a broken sym- 
metry obtaining at an earlier stage of the 
Universe, when characteristic energies 
were greater than now. 

The cloud hanging over particle 
physics, Glashow said, ıs the very success 
of the “standard model” built up in this 
way There are no contradictions, no 
loose ends and no hint of structure below 
the quarks and the leptons now 
recognized. And recently there has also 
been a dearth of surpnse From the 1930s 
to the 1970s, each decade saw the 
discovery of unexpected particles, but this 
decade (so far) has seen only the discovery 


US-China nuclear pact 
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of the W and Z particles — a “fantastic 
achievement, but not a surprise”. 

Indeed, in Glashow'’s view, the 
characteristic of this decade is the list of 
missing surprises — magnetic monopoles, 
neutrino oscillations, free quarks, proton 
decay, unpredicted particles and the like. 
Maybe, Glashow teased, the subject has 
become like medieval scholarship, with 
experimenters endlessly refining (like the 
alchemists) ancient techniques in their 
search for the exotic, the theorists (or 
theologians) in a realm based on faith 
where all things of interest are inaccessible 
(with particle accelerators what they are) 
and where truth depends on elegance and 
completeness. 

Steven Weinberg (Austin, Texas) has 
no qualms about his theoretical devotions, 
now to the theory of superstrings. The 
theory, Weinberg said, 1s the product of a 
post-Bohr dialectic between quantum 
field theory on the one hand and 
scattering-matrix theory on the other. 
Weinberg decided last January “to drop 
everything” for the theory of superstrings, 
which avoids in a natural way the 
mathematical difficulties of other 
approaches to the unification of the forces 
of nature and “which has that flavour of 
uniqueness that we look for”. 
Unashamed, he said that there ts not yet 
the slightest evidence for this elegant 
theory. Philip Campbell 


Foes in Congress speak out 


Washington 
PRESIDENT Reagan's nuclear technology 
transfer agreement with China ran into 
more problems last week, with the admis- 
sion by the Nuclear Regulatory Commis- 
sion (NRC) that the nature of China’s 
assurances on the implementation of nuc- 
lear policies “could lead to future mis- 
understandings”. NRC is required by its 
Nuclear Anti-Proliferation Act (1978) to 
comment on proposed agreements. NRC 
would have preferred the agreement to 
contain a “clear statement of US consent 
rights for the subsequent reprocessing of 
ennchment of US-supplied nuclear fuel”, 
it revealed in a letter to Senator William 
Proxmire (Democrat, Wisconsin), one of 
the main critics of the agreement. NRC 
last week would not discuss its concern in 
detail or comment on allegations that Chi- 
na has helped Pakistan to build nuclear 
weapons. But NRC provided testimony to 
Congress in a closed session last week. 
Congress is examining the issues raised 
by the cooperation pact and has until the 
end of next month to act if it wants to try to 
alter any of its provisions. Testifying be- 
fore the Senate Foreign Relations Com- 
mittee last week, Professor John Cooper 
of Rhodes College, Tennessee, described 
the “periodic and extreme” shifts ın 
China's foreign policy during the past 35 
years and said that China’s record on ex- 


port policy is “not good”. 

Paul Leventhal, president of the Nuc- 
lear Control Institute, told the committee 
that the agreement is “seriously flawed” in 
its “legitimizing” of plutonium, neglect of 
safeguards and potential for disputes. 
Senator John Glenn (Democrat, Ohio) 
has just introduced legislation embodying 
some of these worries. His bill seeks to 
tighten safeguards and demands docu- 
mentation of China’s non-proliferation 
policy, conditions that would make the 
agreement “salvageable”, he says. 

Edward Luck, president of the US 
United Nations Association, told the com- 
mittee that trying to force China to make 
further assurances would be “counterpro- 
ductive” given the efforts already made to 
meet US concern about non-proliferation. 
Energy Secretary John Herrington and 
ambassador Richard Kennedy, negotiator 
of the agreement, told the committee that 
both countries would gain “significant be- 
nefits” on ratification of the agreement. 

It is difficult to predict whether Con- 
gress will try to alter parts of the agree- 
ment, the first of its kind between the 
United States and a single nuclear 
weapons state. The opposition to the pact 
is thought to be a “significant minority”, 
unlikely to put President Reagan in the 
embarrassing position of having to re- 
negotiate with China. Maxine Clarke 
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Ariane 


NEWS 


Rocket company to sell insurance? 


ARIANESPACE, the company responsible 
for commercial exploitation of the Euro- 
pean space launcher Ariane, 1s working 
out a scheme to offer its customers partial 
insurance against the risk of failure. This 
development ıs a response to the rising 
cost of satellite insurance on the open 
market, which may now be as much as 30 
per cent of the capital cost of a satellite 

Arianespace plans to offer insurance 
against the risk that satellites will be lost 
during the launch period. Satellite oper- 
ators will have to arrange separate insur- 
ance against the risk of failure of the 
payload, which mcludes not only the satel- 
lite but the rocket motor by means of 
which the satellite is transferred into tts 
fina] orbit from the apogee of the highly 
elliptical injection orbit. 

Under the insurance plans, the company 
would charge users a standard premium 
based on the risk of failure spread over as 
many as 15 launches in a three-year 
period. Arianespace would protect itself 
in the commercial reinsurance market. 
Before the failure of last month’s launch 
of Ariane, insurance premiums were run- 
ning at 18-20 per cent of satellite costs, of 
which 10-12 per cent is estimated to have 
covered launch failure and 7-8 per cent 
the risk of satellite failure. Ariane users 
will have to cover the second risk indepen- 
dently. Arianespace says that it 1s still 
negotiating with insurers and so does not 
yet know what premiums it will charge. 

The scheme may nevertheless be ready 
in time for the planned launch of the 
French Earth observation satellite SPOT 
i, perhaps two months from now, but 
Anianespace is more concerned with the 
String of commercial users that have 
booked into succeeding flights. It thinks 
that attempts to charge them insurance 
premiums up to 30 per cent of capital costs 
are “completely stupid”, but is also clearly 
alarmed about the effect on the long-term 
demand for launching services 

A successful launch insurance scheme 
with modest premiums, on the other 
hand, should give Anane an advantage in 
competition with the US shuttle. In 
France, there is much resentment at re- 
ports that charges for shuttle flights are 
often only 20 per cent of real costs. 
Ariane’s advantage over the shuttle is that 
much less rocket power 1s needed to trans- 
fer a satellite to geostationary orbit from 
the apogee of the injection orbit than from 
the low-altitude circular orbit of the shut- 
tle, with the consequence that the risks of 
failure must be less. 

Meanwhile, the failure of Anane’s fif- 
teenth launch on 13 September has been 
explained by an independent commission 
of inquiry. Arianespace technical direc- 
tor, Dr Klaus Iserland, said last week that 
the chief problem appears to have been a 
leak in a valve between the liquid-hydrogen 


tank of Anane’s third stage and the 
combustion chamber, the leak has been 
traced to an extra flange, designed to 
make the hiquid-hydrogen valve fit more 
tightly, which was added in the eighth 
Artane flight The valve's differential 
expansion allows it to leak at intermediate 
temperatures, and in particular when it is 
being cooled by the first flow of liquid 
hydrogen. 

Ananespace has now asked the manu- 
facturers to remove the extra flange. The 
“earliest possible hypothetical date” for 
the next launch, according to Iserland, 1s 
mid-December If Ananespace can hold to 
that, SPOT 1 will be only one month late. 

Robert Waigate 


Skull-trade ban 


New Delhi 

Inpia, which prohibited export of rhesus 
monkeys for medical research, has now 
banned the export of skulls and skeletons 
for medical colleges abroad. The ban fol- 
lows shocking reports in the Indian press 
about children being kidnapped and killed 
for their skulls. 

The article in the Pataliputra Times 
(owned by Dr Jagannath Misra, former 
chief minister of Bihar) claimed that trad- 
ers in skulls and skeletons in Bihar receive 
children from gangs of kidnappers who are 
paid £35 to £70 per child. It said that the 
children are handed over to head-choppers 
at Bansghat on the bank of the Ganges who 
charge £2 for chopping a head. The head- 
less bodies are thrown into the Ganges 
while the heads are stripped of skin, boiled 
and bleached for export. The report 
claimed that 1,500 skulls processed this 
way are sent to Calcutta each month by rail 
for export to 23 countries. The article 
claimed that 5,000 to 7,000 children are 

missing every year in the state. 

These revelations created a furore in the 
Bihar state legislative assembly. The police 
arrested a man suspected of being a king- 
pin of the trade, but he was released on 
bail. The state government however said 
that skulls found in three boxes meant for 
export probably belonged to dead bodies 
floating in the Ganges. It is a fact that poor 
Hindus who have no money to buy fire- 
wood for cremating the dead simply throw 
the bodies in the river. 

The skull trade dates back to 1936. A 
ban on skeleton export imposed in 1976 
was lifted in 1977 when there was a change 
in the central government. Since then In- 
dia has reportedly been meeting 80 per 
cent of the world’s requirement of skulls 
and skeletons with Bihar alone contribut- 
ing 60 per cent. Thirteen companies in Cal- 
cutta had licences for export as of August 
this year, when the government imposed a 
fresh ban. K. S. Jayaraman 
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US space science 


Two paths to 
leadership? 


Washington 
SHouLD US space science be concen- 
trated on a few large projects, or instead 
be spread more widely? Congress heard 
both views last week, at a committee 
meeting looking ahead to financial year 
1987, which is still a full year off The 
National! Aeronautics and Space Adminis- 
tration (NASA), according to Noel Hin- 
ners, director of the Goddard Space Flight 
Center, has as a top pnority the creation 
of “a set of long-life space observatories 
complemented by ground-based facili- 
ties”. The space shuttle makes this plan 
feasible by permitting the repair, mainte- 
nance and improvement of instrumenta- 
tion satellites The delayed Hubble space 
telescope, now due to be launched next 
year, is the first of these planned observa- 
tories, and will be followed by the gamma- 
ray observatory in 1987. The solar optical 
telescope and the space infrared telescope 
facility, programmes orginally recom- 
mended by US astronomers in 1972, have 
been “seriously delayed”, but are still 
planned for the 1990s if Congress will pay 
for them 

Hinners also wants Congress to allocate 
funds for the advanced X-ray astrophysics 
facility programme, planned for a 1987 
start but likely to be postponed when next 
year’s appropriation ıs decided in mid- 
1986 Since the Einstein observatory went 
out of action, European and Japanese 
groups have taken the lead in this field, 
according to Jeffrey Hoffman of NASA. 
He says that Congress must approve the 
programme soon if the United States is to 
regain its supremacy in X-ray astronomy 
Another project waiting on Congress 1s 
the large deployable far-infrared detector, 
which NASA hopes to launch towards the 
end of the 1990s. James Van Allen of the 
University of Iowa is on the other side of 
the argument. Van Allen was one of the 
first users of the US vanguard satellites in 
the 1950s, when he discovered the clouds 
of charged particles trapped in the 
geomagnetic field. He wants NASA to 
spend less on major programmes and to 
increase its budget for smaller, flexible 
and potentially more productive projects 
involving more laboratories 

There was no shortage of proposals for 
such programmes last week. One was the 
international solar terrestrial physics 
programme and another an Earth observ- 
ing system to coordinate data collection 
on climate, geography and chemistry. But 
NASA 1s assured of only one per cent per 
year budgetary growth, which means, says 
Van Allen, that space science and applica- 
tions are likely to experience “hard 
times . . . for many more years as planned 
expenditures for the space station in- 
crease”. Maxine Clarke 
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AIDS 


~ 


NEWS 


US law delays drug testing 


Washington 

PLans by the National Institute for Aller- 
gy and Infectious Diseases (NIAID) to 
speed clinical trials of potential treatments 
- for some of the consequences of acquired 
immune “deficiency syndrome (AIDS) 
have been thwarted by a legal technicality. 
Nine clinical research centres around the 
United States that had been awarded 
“master agreements” to conduct phase II 
clinical trials of antiviral drugs and ther- 
apies for opportunistic infections to which 
AIDS patients are prone have been told 
their agreements will not be honoured be- 
cause of new government contracts. Fu- 
ture trials will be handled with standard 


Beckman bucks 


Washington 

Tue University of Illinois is to receive $40 
million, ‘the largest gift ever by an indi- 
vidual to a public university, from Arnold 
Beckman, founder of Beckman Instru- 
ments Inc. The money will be used to estab- 
lish a multidisciplinary research institute 
consisting of two centres, one focusing on 
` materials and computing science and the 
other on biology, behaviour and cognition. 

Research at each centre will begin with 
problems at the atomic and molecular level 
and proceed through systems of increasing 
complexity. The ultimate aim is to under- 
stand “intelligence”, says Theodore 
Brown, chancellor for research at the uni- 
versity: Emphasis will be placed on a com- 
parison of complex integrated electronics 
and artificial intelligence systems with 
biological systems. 

The university sees the centre as the 
largest-scale attempt yet to bridge the gap 
between the physical and biological scien- 
ces in one institution. A grant of $10 mil- 
lion by the state of Illinois will make possi- 
ble a 1986 start on construction at the site, 
which should be completed by 1988. The 
state has also guaranteed the institute $2 
million a year in perpetuity for running 
costs and the launch of research program- 
mes. The bulk of the financial support for 
running the institute is expected to come 
from outside sources. A director should be 
appointed within six to nine months. Beck- 
man, now 85, began the company of which 
he remains chairman in 1935, when a 
member of the faculty of the California 
Institute of Technology. His first product 
was a pH meter, but by the time the com- 
pany was merged with Smith Kline Cor- 
poration in 1982, Beckman was selling 
more than $1,000 million worth of instru- 
ments each year. There seems to have been 
some ‘genteel competition for Mr Beck- 
man’s generosity between Caltech and Illi- 
nois, where Beckman took his first degree 
(in physical chemistry) in 1923, 

Maxine Clarke 





procedures that will lead to routine delays 
of about two months, according to Carl 
Fretts, director of NIAID’s division of 
contracts and grants. 

So far, clinical trials of potential AIDS 
therapies are still in the phase I stage, 
aimed at establishing safety and using 
small numbers of patients. Under the 
master agreement scheme, testing centres 
able to demonstrate adequate facilities 
and expertise for controlled phase II trials 
were certified in advance by NIAID. 
When trials then became necessary, the 
best-qualified centres could be quickly 
selected and protocols drawn up with a 
minimum of delay The scheme freed 
NIAID from the requirement to advertise 
each trial contract for 30 days before con- 
sidering proposals; it would also escape 
having to consider proposals from unqual- 
ified institutions. It was “a perfect 
mechanism”, according to Harry Haver- 
kos, AIDS project officer for NIAID. 
Similar arrangements have been used in 
the past for trials of anti-cancer drugs. 

To qualify for a masters agreement, in- 
stitutions had to produce “an enormous 
amount of information”, according to one 
disgruntled researcher. Centres were re- 
quired to show that they had- sufficient 
numbers of patients, adequate laboratory 
expertise and facilities for handling large 
amounts of data. The nine successful cen- 
tres were selected last May (from a con- 
siderably larger number of applicants). 

Only one contract for an actual trial had 
been awarded when NIAID realized that 
the agreements are apparently illegal 
under the Competition Act, which came 
into effect in April. The scheme is now “in 


limbo”, according to Haverkos. The sing- | 


le contract awarded under the scheme was 
to Robert Holzman of New York Uni- 
versity Medical Center for a controlled 
trial of the effectiveness of trimethoprim- 
sulfamethoxazole zand Fansidar -in pre- 
venting recurrences of Pneumocystis 1n- 
fections. Holzman is now waiting for de- 
livery of the drugs to start the trial. 
George Galasso, coordinator of AIDS 
clinical trials for the National Institutes of 
Health, “does not believe” the legal foul- 
up has delayed getting trials under way, 
since many institutions are willing to pro- 
ceed with trials even without a formal 
source of funds. Others, including some 
researchers, disagree. Haverkos would 
not exclude the possibility that trials have 
been delayed, although “we couldn’t have 
got more than four or five under way” by 
now even if all had gone according to plan. 
According to Carl Fretts, the Competi- 
tion in Contracts Act was passed by Con- 
gress primarily to curtail abuses by de: 
fence contractors and was never intended 
to apply specifically to clinical trials. 
Through the Department of Health and 
Human Services, NIAID will bring the 
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matter up shortly with the Civilian Agen- 
cies Acquisition Council, which wrote the 
implementing regulations, and seek to 
have the regulations altered so that mas- 
ters agreements are permitted Fretts 
points out that such agreements do not 
stifle competition because research cen- 
tres have to reapply once a year. In the 
meantime, NIAID will by next month be 
awarding standard contracts for the trials, 
and special dispensations to speed future 
rounds of the contract procedure are 
being sought. Tim Beardsley 


Plant protection | 


US patent rights 
march on 


Washington 

THE US Board of.Patent Appeals and 
Interferences has ruled, in what is hailed 
as a “landmark decision”, that seeds, 
plants and plant tissue cultures can be pro- 
tected under the 1952 Patent Act. The 
decision reverses existing government 
policy and is expected greatly to increase 
incentives for research in plant biotech- 
nology. 

The board’s ruling was a response to an 
appeal by Molecular Genetics Inc. which 
has modified.maize plants to produce ex- 
tra tryptophan, an amino acid that has 
often to be added as a supplement to 
animal feed. Tryptophan-enriched maize 
used as animal feed would avoid the need 
for supplements. 

Before-the recent ruling, only limited 
patent protection could be obtained for 
plants. The 1930 Plant Patent Act covered 
asexually reproduced plant varieties, and ° 
the 1970 Plant Variety Protection Act co- 


‘ vered single. novel varieties of sexually re- 


producible plants, but neither has been 
considered adequate by the plant biotech- 
nology industry. The hybrid offspring of a 
patented plant vanety and a standard 
strain would not, for example, be protect 
able under the 1970 act. 

Because of the new .ruling, plant 
biotechnology will receive “the same 
generic scope of protection as other inven- 
tions”, according to Leslie Misrock, pa- 
tent. attorney for Molecular Genetics. 
Companies that patent novel seeds, plants 
or tissue culture will be able to prevent 
competitors from making, using or selling 
the protected 1tem — which includes using 
it for breeding. The effect for Molecular 
Genetics will be that, once its patent is 
issued, not only its original tryptophan- 
enriched maize seed but all subsequent 
varieties bred from it will be protected. 

The -company intends to produce a 
range of tryptophan-enriched maize seed 


‘ with different varieties for different clima- 


tic conditions. Misrock said that the im- 
phcations for the seed industry of the new 
decision are “enormous”. It will, he said, 
transform it” from a speciality industry to 
a commodity industry”. Tim Beardsley 
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Nobel Prizes 


NEWS 


Cell cholesterol wins the day 


Wuereas the division of the spoils: is 
often controversial when it comes to 
Nobel Prizes, there-will be no argument 
about the sharing of this year’s Physiology 
and Medicine award between Michael S. 
Brown and Joseph L. Goldstein, for their 
collaboration has been remarkable by any 
standards. Since meeting as medical stu- 
dents 1n the 1960s, they have been apart 
only for a brief spell while Brown boned 
up on biochemistry and Goldstein on 
genetics, before setting up, 1n 1972, a joint 
programme on cholesterol metabolism at 
the University of Texas Health Services 
Center in Dallas where they continue to 
collaborate as equals. Of the “discoveries 
concerning regulation of cholesterol 
metabolism” for which the prize has been 
awarded, pride of place must go to Brown 
and Goldstein’s relentless study of the 
cell-surface receptor for low-density 
lipoprotein (LDL). LDL ıs the major 
transporter of blood cholesterol and the 


LDL receptor ıs the key to the transfer of. 


cholesterol from the blood to the interior 
of fibroblast and liver cells 

Brown and Goldstein have hounded the 
receptor with a combination of biochemis- 
try, genetics, microscopy and, most re- 
cently, molecular genetics. As a result, the 
LDL receptor is more thoroughly under- 
stood than any other receptor and tts study 
has been highly influential in promoting 
the general investigation of receptor- 
mediated endocytosis — the process by 
which many extracellular molecules are 
delivered to the intenor of cells. In ess- 
ence, Brown and Goldstein have demon- 
strated that complexes of LDL and receptor 
concentrate in “pits” formed in the cell- 
surface membrane and thence in vesicles 
that are pinched off from the pits. After 
fusion of vesicles in the cell’s interior, the 
receptor and LDL part company. The re- 
ceptor is recycled to the cell surface 
Whereas the LDL is degraded in the cell, 
freeing the cholesterol from the protein 
constituents of LDL, so that it can be util- 
ized in the cell. 

Without a doubt these studies have be- 
nefited enormously from the existence of 
rare hereditary defects in the receptor, 
which result in the condition known as 
familial hypercholesterolaemia. Through 
molecular genetics, Brown and Goldstein 
have been able to discover exactly what is 
at fault with the receptor’s gene in some 
patients, and therefore precisely why their 
receptors are defunct (Science 227, 140; 
1985, and Cell 41, 735; 1985). For patients 
with a pair of defective genes, the result 1s 
excessively high blood cholesterol and 
LDL, with the development of coronary 
atherosclerosis usually before the age of 
twenty. í 

Not content with A the receptor- 
mediated uptake of cholesterol into cells, 
Brown and- Goldstein have recently col- 


laborated with Paul Berg, a 1980 Nobel 


laureate, in cloning the gene for the key 
enzyme of cholesterol synthesis 1n tissue 
(Nature 308, 613; 1984). The enzyme, 
known chiefly as HMG CoA reductase, ts 
of particular importance because its pro- 
duction ts subject to negative feedback 
regulation by cholesterol. If the mechan- 
ism of that feedback can be understood in 
terms of the gene, ıt will be possible to 
explore the possibility that gene defects 
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are a factor in some cases of hyper- 
cholesterolaemia. 

While it ıs still too early to be certain of 
the relevance of much of Brown and Gold- 
stein’s work to the prevention and treat- 
ment of atherosclerosis, their work has 
been of great fundamental importance 
and highly influential. So far all attempts 
to lure both of them from their opulent 
Dallas surroundings to more distinguished 
institutions have failed. Nobel prizes seem 
unlikely to make any difference nor to 
split such a close working partnership that 
no paper is published by either partner 
without the other. Peter Newmark 





US diet diet 


Back to the stew-pot 


Washington 

A PUBLIC row has erupted in the United 
States because the National Research 
Council has rejected the conclusions of a 
dietary study it commissioned five years 
ago to make new Recommended Dietary 
Allowances (RDAs) for nutrients and 
energy. The chairman of the study com- 
mittee, Henry Kamin of Duke University, 
questions the competence of the research 
council’s anonymous reviewers and ac- 
cuses them of being “scared” of the policy 
implications of his report. Among other 
things, he would reduce RDAs for vita- 
mins A and C, as the study wanted. Kamin 
blames the decision not to publish the 
committee’s report on the “vulgarization 
of nutrition” in the United States. 

Kamin’s study was to have been the 
10th edition of the research council’s Re- 
commended Dietary Allowances. Since 
they were first issued in 1941 as a guide for 
planning national food supplies, RDAs 
have expanded both in number and varie- 
ty of applications, and are now central to 
many federal food assistance schemes. 
Kamin’s committee was asked to derive 
RDAs “adequate to meet the unknown 
nutritional needs of practically all healthy 
persons”. 

The figures Kamin eventually arrived at 
differ — though usually by small amounts 
— from existing RDAs, but were “both 
rigorous and original”, according to 
Kamin. Reviewers appointed by the Re- 
search Council believed, however, that 
modifications to RDAs should be made 
only in the light of “compelling new evi- 
dence” — which, they said, Kamin failed 
to provide. 

, After six months of revisions and re- 
revisions, reviewers and study authors 
were still unable to agree on what should 
be the proper RDAs for vitamins A and C, 
with some unresolved questions over the 
RDA for calcium (which, in contrast to 
those for the vitamins, the study authors 
wanted to increase). Frank Press, chair- 


man of the research council, then stepped, 


in to call a halt, and will now establish a 
new committee with a revised brief to take 
up the question raised. 


One of the .key differences between 
Kamin and the reviewers is whether the 
evidence needed to justify changing an 
existing RDA should be stronger than that 
needed to establish a completely new 
value. Some of the changes recommended 
by Kamin’s committee were based on 
reinterpretations of the studies on which 
the existing RDAs are based; not all of 
these were accepted by the reviewers. 
But, according to Kurt Isselbacher, chair- 
man of the research council’s Food and 
Nutrition Board, Kamin’s committee was 
“reluctant to accept criticisms” and dis- 
played “tremendous inflexibility”. Given 
the differences of opinion, the research 
council then had to decide whether it 
should issue néw recommendations that 
were “scientifically no better than the old 
ones”. 

Another area of dispute was the weight 
that should be attached to the public ım- 
pact of the recommendations. Despite 
Kamın’s accusation that he was effectively 
asked “to steer the science to fit the 
policy implications”, Isselbacher main- 
tains that policy worries “were not a con- 
cern that was felt by most”. Nevertheless, 
policy implications did provoke the ques- 
tion whether the scope of the study was 
adequate to formulate new RDAs, given 
new evidence about the relation between 
diet and some chronic diseases. For exam- 
ple, Kamin, concerned only with protec- 
tion against nutritional deficiency, prop- 
osed a lowering of the RDA for vitamin 
A, but another report from the research 
council says that vitamin A might help 
to prevent cancer. Some reviewers were 
concerned about the effect on the public 
of such apparently contradictory recom- 
mendations. 

For these and similar reasons, accord- 
ing to Frank Press, the next edition of the 
RDAs will include “a more encompassing 
analysis of data pertaining to nutrients and 
health”. The new study group is to be 
chosen in consultation with the National 
Institutes of Health. In the meantime, 
writes Press, the public “should rest 
assured that there 1s no cause for con- 
cern”. Tim Beardsley 
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CORRESPONDENCE- 


Nuclear waste management 


Sır—Robert Walgate (Nature 314, 396; 
1985) drew attention to work conducted 
by the University of Surrey on the public’s 
attitudes towards the management of nuc- 
lear waste. However, there were some 
understandable misinterpretations in his 
report (which was derived from an oral 
presentation) concerning the issue of 
compensation. This advance note of some 
of our results should set the record 
Straight. l : 

Compensation may be seen as one 
possible mechanism for reducing the so- 
cial inequity that is inevitable when a local 
community is required to host a nuclear 
waste repository to meet.a national need 
(or to conform with national policy). 

Our national survey asked 1,511 people 
“Do you think it would be right to give 
some form of compensation to people liv- 
ing in an area where nuclear waste is to be 
buried?”, to which 66 per cent replied 
“ves”. i 

They were asked subsequently whether 


the compensation should be directed to- 


wards the community as a whole or to 
individuals. Respondents were able to 
select one or other or both of these sugges- 
tions — 48 per cent endorsed personal and 
36 per cent community-directed com- 
pensation — so it was incorrect to sum 
these and imply 84 per cent of the public in 
our survey “could be bought off”. 

Additional data can put these particular 
findings into context. People were asked 
their reactions to proposals to build a 
range of facilities within two or three miles 
of their home: 


% Who would % Who would 


move away (if actually 
Facility they could) oppose 
Radioactive waste 79 73 
Nuclear power station 66 59 
Airport 5I 32 
Prison 47 32 
Army barracks 32 16 
Motorway 30 17 
Industrial estate 21 11 


` 


People were also asked about the, likeli- 


hood of something going seriously wrong 


Old hat 


Sır—P. W. Hawkes, in his review of J. W. 
Goodman's Statistical Optics (Nature 15 
August, p.584). states that books on the 
subject have only recently begun to 
appear. However, the text /ntroduction to 
Statistical Optics by Edward L. O'Neill 
(Addison-Wesley) appeared in 1963. I 
was a student of Dr O'Neill's at Boston 
University at about that time, and found 
his presentation of the ideas of statistical 
optics fascinating. I would like him to be 
recognized as one of the early authors in 
this field: Sylvia L. Borp 
PO Box 1050, 

Cambridge, Massachusetts 02238, USA 


at a radioactive waste site’ 


% Within % Within 
Likelihood of accident 5 years 50 years 
Very likely 10 26 
Likely 12 20 
‘Possible 38 ‘ 28 
Unlikely 17 9 
Very unlikely 12 "6 
Don't know 12 12 


Finally, respondents picked out those 
issues that ought to be addressed by a 
public inquiry. The rank order ıs as fol- 
lows: 


Rank Public inquiry issues 

Health effect 

Long-term reliability 

Effects on nature 

Suitability of geology 

Local opinion 

Transport routes and distance 
National interest 

Land use 

Comparative costs of alternative sites , 
10 Local employment 

11 Compensation for local community 


Conran h WN — 


These findings indicate that radioactive 
sites are indeed problematic and that from 
this national sample, health issues are pa- 
ramount. 

Other findings indicate that the sites are 
likely to generate anxiety not only at the 
level of “personal safety”, but also at the 
“future character of society” level. Sites 
are seen as the environmental intrusion 
most likely to predispose people to move 
away or protest. However, for many there 
is neither the luxury to be able to move nor 
the time or skills to participate actively in 
the decision process. Compensation is one 
possible form of mitigation and was cer- 
tainly not seen as bribery by the majority 
of our respondents. 

T. R. LEE 

J. BROWN 

J. HENDERSON 

C McDermiD 

' H. WHITE 

Department of Psychology, 
University of Surrey, 

Guildford, Surrey GU25XH, UK 


Values in science 


StR—The recent debate about values in 
science in your columns has surprisingly 
reached one point of consensus:— that 
values should be made as explicit as poss-, 
ible in scientific procedures One side of 
the debate would then exorcise them as far 
as possible, the other would change them 
or even introduce others Since the point 
of agreement transcends both views, ıt 1s 
itself an example of something as value- 
independent as possible in this context. 
One could derive a semiquantitative 
figure for the degree to which some ex- 
perimental result or interpretation 1s 
value-independent: perhaps ıt should be |! 
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inversely proportional to the number of 
researchers with antithetical philosophic- 
al, social and religious views able to agree ‘ 
on it. On that basis, science has been sur- 
prisingly value-independent. Hence, iro- 
nically, at a higher level, ıt ıs often intense- 
ly valued because such consensus is rare. 
Total exorcism of values from science? 
The demons may always lurk beyond our 
consensus or even in it. But I thought the 
consensus principle meant we should ex-. 
clude such demons as far as possible from 
the charmed circle — and then deliberate- 
ly invoke them afterwards from its relative 
safety? | o l 
To paraphrase St Augustine, love con- 
sensus, then do as you will. 
N.E. WHITEHEAD 
International Laboratory of Marine 
Radioactivity, ' 
Museé Océanographique, . 
Monaco-ville, l 
Principality of Monaco 


Selenium-enriched? 
Sir—A recent US Geological Survey re- 
port (S.J. Deverell et al. USGS Water Re- 
sources Investigations Report 84-4319, 
Sacramento, California, November 1984) 
listed concentrations of selenium found in 
farm irrigation drain sumps in the San Luis 
Drain service area on the Panoche Fan 
These showed concentrations of selenium 
as high as 3,800 micrograms per litre. 

On 26 July 1985 I filmed tomatoes being 
harvested in the same area. I am not Para- 
celsus but I would rather Thomas Jukes 
(Nature 22 August, p.673) ate them than I 
did. = 
MICHAEL ANDREWS 
(Senior Producer) 
Natural History Unit, l 
British Broadcasting Corporation, 
Broadcasting House, 

Whuteladies Road, 
Bristol BS8 2LR, UK 





e e e e ' 
Chauvinism in the air. 
Sır—The first sentence in your unsigned 
Opinion column of 15 August (p 566) 
entitled “Geostationary blues” reads: “A 
World Administrative Radio Conference 
of the International Telecommunication 
Union must rank with anything on the 
subject of Canada as the surest way for 
newspapers to lose readers”. This rather 
disingenuous statement seems surprising 
in the pages of the self-proclaimed “Inter- 
national Weekly Journal of Science“. 
More so, since Nate has its headquarters 
in London: one might interpret the aside 
as the jealous rejoinder of the failing pa- 
rent to the thriving child. 

Barry T. SMITH 
Harvard Medical School, 
Joint Program in Neonatology, 
75 Francts Street, 
Boston, - 
Massachusetts 02115; USA 
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ELECTROPHYSIOLOGY OF EPILEPSY 


P.A. Schwartzkroin and H. Wheal 
1984, 415pp . $69 00/£45 00 {UK only) ISBN 0-12-633080-8 


In the past few years real progress has been made toward understanding basic 
neuronal mechanisms that could underlie epileptiform activity This volume brings 
together a group of clinical and scientific investigators who have made important 
contributions to epilepsy research These. investigators have been pivotal in the 
development of vanous models of, and approaches to, studying epilepsy. The 
models and techniques focused upon here are largely electro-physiological and 
each chapter describes in detail a different model system or clinical approach Each 
author integrates their own experimental results with those of others working in the 
field so as to produce some coherent hypothesis They also assess how their work 
contributes to our understanding of clinical epilepsy 


‘CEREBRAL LATERALIZATION IN 
NONHUMAN SPECIES 


Edited by Stanley D. Glick 
July 1985, 312pp , $49 50/£43 50 (UK only) ISBN 0-12-286480-8 


CONTENTS: A.M. Galaburda, G.F. Sherman, and N. Geschwind, Cerebral 
Lateralization Historical Note on Animal Studies A.P. Arnold and S.W. Bottjer, 
Cerebral Lateralization in Birds, R.L. Collins, On the Inherntance of Direction and 
Degree of Asymmetry M.C. Diamond, Rat Forebrain Morphology. Right-Left; 
Male-Female, Young-Old, Enriched-lmpovenshed G.F. Sherman and AM. 
Galaburda, Asymmetries m Anatomy and Pathology tn the Rodent Brain V.H. 
Denenberg and D.A. Yutzey, Hemispheric Laterality, Behavioral Asymmetry, and the 
Effects of Early Experience in Rats R.G. Robinson, Lateralzed Behavioral and 
Neurochemical Consequences of Unilateral Brain Injury in Rats S.D. Glick and R.M, 
Shapiro, Functional and Neurochemical Mechanisms of Cerebral Lateralization in 
Rats T.E. Robinson, J.B. Becker, D.M. Camp, and A. Mansour, Vanation in the 
Pattern of Behavioral and Brain Asymmetnes Due to Sex Differences M. LeMay, 
Asymmetnes of the Brains and Skulls of Nonhuman Primates, N. Geschwind, 
implications for Evolution, Genetics and Clinical Syndromes Each chapter includes 
references Index 


THE RAT NERVOUS SYSTEM 
Edited by George Paxinos 


Volume 1 —Forebrain and Midbrain 
November 1985, c 400pp , $89 50/£77.50 (UK only) ISBN 0-12-547631-0 


CONTENTS: R.C. Switzer, J. de Olmos, and L. Heimer, Olfactory System. L. 
Helmer, G.F. Alheid, and L. Zaborszky, Basal Ganglia. R. Bleier and W. Byne, 
Septum and Hypothalamus W.E. Armstrong, Hypothalamic Supraoptic and 
Paraventricular Nuclei R.L.M. Faull and W.R. Mehler, Thalamus A.J. Sefton and B. 
Dreher, Visual System J. de Olmos, Amygdala. S.A. Bayer, Hippocampal Region. 
J.H. Fallon and S.E. Loughlin, Substantia Nigra K, Zilles and A; Wree, Area! and 
Laminar Structure. P.D. MacLean, Fiber Systems of the Forebram A.C. Cuello, J.V. 
Priestley, and G. Paxinos, Substance P and Enkephalin Containing Pathways. M.V. 
Sofrontew, F. Eckenstein, and A.C. Cuello, Central Cholinergic Neutrons Visualized 
by Immunohistochemical Detection of Choline Acetyltransferase. G. Paxinos and 
L.L. Butcher, Organizational Principles of the Central Nervous System 





Volume 2 —Hindbrain and Spinal Cord 
November 1985, c 400pp., $62 50/£54 50 (UKonly) ISBN. 0-12-547632-9 


CONTENTS: J.A. Andrezik and A.J. Beitz, Reticular Formation, Central Gray and 
Related Teqgmental Nuclei G.F. Martin, R.P. Vertes, and R. Waltzer, Major 
Projections of the Reticular Formation 1. Terk, Raphe Nuclei and the 
Serotonin-Containing Systems S.E. Loughlin and J.H. Fation, Locus Coeruleus 
E.K. Bystrzycka and B.S. Nail, Brain Stem Nuclei Associated with Respiratory, 
Cardiovascular, and Other Autonomic Functions J.B. Travers, Oro-Facial Motor 
Nucler D.J. Tracey, Somatosensory System W.R. Webster, Auditory System. W.R. 
Mehler and J.A. Rubertone, Vestibular Nuclear Complex. B.A. Flumerfelt and A.W. 
Hrycyshyn, Precerebellar Nuclei and Red Nucleus J. Voogd, N.M. Gerrits, and E. 
Marani, Cerebellum A.M. Brichta and G. Grant, Cytoarchitectural Organization of 
the Spinal Cord G. Grant, Pimary Afferent Projections to the Spinal Cord D.J, 
Tracey, Ascending and Descending Pathways in the Spinal Cord G. Gabella, 
Autonomic Nervous System 


BIOGENETICS OF NEUROHORMONAL 
PEPTIDES 


Edited by Rolf Hakanson and Jan I. Thorell 
March 1985, 320pp . $42 00/832 50 (UK only) ISBN 0-12-317450-3 


Proceedings of the Ferring Symposium of Biogenetics of Neurohormonal 
Peptides, held in Stockhaim, Sweden, July 1-2, 1983. 


Much excitement has been generated ın recent years by new discoveries of the role of 
regulatory peptides and their effects in the neuroendocrine system The mechanism 
of action of peptides and such topics as the storage and release of actwe peptide 
fragments and the concept of more than one bioactive peptide being present in a 
single precursor molecule has given rise to interest in biosynthesis 


Thevolume pfovides a state-of-the-art review of the mechanisms of biosynthesis of 
neurohormonal peptides as discovered by the most up-to-date techniques of 
biochemistry and molecular biology with projections to the future 


* ORLANDO, FLORIDA 32887, U.S.A. 
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| TAUPOLE by TH Caradoc-Uavies -~ 


TADPOLE is a general purpose numeric database management 
program with a built-in statistics package. It runs on the IBM PC with 
onc or two disk drives and on the IBM XT. It 1s casy to use and has a detailed’ 
instruction manual = 


k 


Darta files can be created and edited, oe consisting of up to 9999 records. Each record 
can have up to 60 fields of data and cach field is a number of up to six digits. 


Data files can be up to 320 kbytes in size on a floppy disk system and much larger on a hard disk 
system. 


Statistical tests available in TADPOLE are: 


Descriptive: Means, standard errors, skewness, kurtosis, mintmum valuc/maximum value pus range, median, fre- 
quency analysis including bar charts. 


Parametric: Student’s ¢ test for paired and unpaired data, correlation coefficient, linear regression, multiple linear 
regression, ANOVA one way and twò way for equal and unequal groups. 


Non-parametric: Contingency tables, chi-squared 2 x 2 and N x K, Fisher's exact test, McNemar’s test for the 
significance of change, one sample chi squared test, Mann Whitney U test, Wilcoxon signed ranks matched pairs 
test, Spearman’s rank correlation test, Kendall’s rank correlation coefficient, Kendall's coefficient of concordance, 
Kruskal-Wallis one way analysis of variance and Friedman’s two way analysis of variance by ranks. 


The TADPOLE manual contains explanations of all the statistical procedures used, together with guidance on. 
when a particular test is appropriate. To omen the ckplanatons, the manual also contains examples and 
exercises on the different procedures. 


Package includes: 
Manual and 5.25” floppy disk for the IBM PC 


STATSTRERT by A Bangham 


STATSTREAM has atits heart a brary of 76 procedures including dataentry, = STATSTREAM 1s usable by, and useful for, evervone trom the beginner, new 
graphing, text-windowing, statistical tests, function-fitting ete These can be to stanstics and computing, to the professional statistiaian or research worker 
used very simply by who wishes to meorporate the elegant STATSTREAM procedures im his own 


(1) Calling the helpful menu-driven Statpack, which enables a variety of BASIC programs Ir 1s also a first class educational tool 


parametric and non-parametric tests.to be done, after a single entry of data. . 
Package includes 

(2) Using the 32 demonstration programs designed to teach the user allabout Two packed 5.25" floppy disks for the Apple H series (3 3 DOS, min 48K 

statistics and fitting functions to data RAM) (which can be used with one or two drives) plus a comprehensive 


(3) TH OnE straightforward BASIC programs to incorporate the desired manual i 


EXPERT GQ by Rivers 


An easy-to-use sophisticated disk-based ‘Expert Sye development tool for ‘Brown’ is the attribute value 

the IBM PC at an mcredibly low cost : Inferencing facilities in EXPERT calculate and display relationships amongst 
‘the elements and arn tbutes in terms of similarity and typicalicy. Any two 
selected items can be compared ın detail for their similarity and differences An 
example use would be to assist with diagnosis of a group of diseases with similar 





EXPERTS can be used to create and manipulate a knowledge base, which 
employs models of human reasoning or ‘artifical intelligence’ It draws on 
deductive and fuzzy logic, multidimensional statistics and cognitive 


psychology The theory behind EXPERTS ts fully discussed in. the Sep sos 
documentation which accompanies the disk Other potential uses of EXPERT4 are manifold, but to give the user an 
introduction to the program, two resempicss domains are incorporated on disk 


EXPERTS offers a spreadsheet which enables the user to create files or 


‘domains’ each of which 1s made up of elements’ which have ‘attributes’ These °$ examples $ 
have ‘attribute values’ For example, in a domain called ‘People’, ‘Jane’ ts an Package includes 
element One of her attributes 1s ‘Hair colour’ Jane has brown hair hence Documentation + 51⁄4" floppy disk for the IBM PC 
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ooking for molecular switches 


The molecular biology of the process of development has been enlivened, in the past few years, | 


by several novel clues. But there is still a long way to go. 


‘San Francisco 
NATURE'S conference here last week on 







niversity of California, San Francisco, 
turned out, perhaps as much by accident 
“as design. to be as good a survey of the 
‘molecular biology of development as any. 
What follows is not a formal report of the 
‘Meeting, but an inexpert account of what 
it now seems possible to say about the way 
in which organisms acquire different func- 
tions as they mature. Ontogeny is the 
fashionable synonym. 

< At meetings such as this, the starting 
assumption is that the genetic endowment 
of each embryo of every species contains 
not merely the genes that will function at 
the several stages of the development of 
the maturing organism but also those that 





determine the broad pattern of develop- | 


ment, the sequence in which different sets 
of genes come into play. This does not, 
however, imply that all organisms are 
hard-wired and rigorously predetermined 
as inthe nematode Caenorhabditis ele- 
gans; the observation that the visual sys- 
tem of mammals such as cats remains 
snl and affected by early experi- 
ence, is a sufficient proof of that. The 
sifeumstances in which gross features. of 
earlier stages in development are suscept- 
ible to external influences remain, for the 
most part, to be defined. Little is known of 
the mechanisms responsible, although it is 


clear that the development of the nervous 
system has a high intrinsic. interest for | 


other reasons as well. 

< Outsiders must also learn not to be con- 
fused that the pursuit of an understanding 
of development entails the use of model 
systems which are very much more par- 
ticular than the grand name ontogeny 
would Suggest are appropriate. That, 
however, is the spirit in which people at 
last week's. conference (and elsewhere) 
“concerned with phenomena such as 
10W yeast cells switch between one mating 
type and another, how white blood cells of 
different kinds, all descended from the 
same race of precursor cells, acquire their 
special properties and how the different 







kinds of cells in the nervous system diffe- | 
rentiate from what is, to begin with, a | 


more or less uniform collection of cells. 
Development, the argument goes, is a suc- 
cession of differentiations, steps in which 
ells become specialized. The objective is 
‘0 identify the switching mechanism, the 


* 


tic switches and the molecules that 












enes and systems of development, orga- 
uzed with the generous assistance of the | 
_ lambda-bacteriophage 
_ Escherichia coli developed by Dr Mark 


actuate them. presumably themselves 
products of the genes. 


elaborate, but also elegant, 


Ptashne (Harvard) is relevant to the issue 
of the development of much grander 
organisms. For this is a set of identified 
genetic switches and actuating molecules, 


protein molecules in this case, which 


account for the interaction of the bacterial 
virus with its host. The obvious question is 
the extent to which this may be a general 
model for the switching that occurs during 
differentiation. Opinion seems to be veer- 
ing towards the view that the actuator 
molecules are less likely to be molecules of 
messenger RNA than protein. But some 
switches are clearly not on/off switches as 
with lambda phage but genetic rearrange- 
ments. Most probably there will be quite a 
long catalogue of different kinds of switch- 
es before very long. 


The great excitement about homoeotic 


genes in the past year seems an obvious 
way to extend the present catalogue. The 
opportunity, now well publicized, is that a 
set of genes known (from the study of 
mutations) to determine the body plan of 
Drosophila is distinguished by a certain 
nucleotide sequence, about 180 basepairs 
long, which also crops up in other organ- 
isms, Xenopus (the African clawed toad), 

mice and also human beings. The infer- 
ence, but perhaps it is only a hope, is that 
the “homoeoboxes” that occur in organ- 


isms other than Drosophila also mark out | 


genetic switches that control the process 
of development. But it now seems that 
people are on the point of being able to 
demonstrate directly, and not merely in- 
fer, that the products of the homoeobox- 
containing genes regulate other genes and 
constitute components of genetic switch- 


es. The more teasing question of what 
these same genes do in other organisms | 


remains unclear, although the similarity 
with the switch part of the mating-type 
genes in yeast is suggestive. No doubt 
there will also have to be a search for 
further kinds of genetic switches in other 
organisms: so far, only five genes with 
homoeoboxes have been found in the hu- 
man genome. 

Inevitably, these developments (and 
new technology, such as the easy availabil- 
ity of monoclonal antibodies} have been a 
stimulus for what might be called the clas- 


sical embryology of Drosophila and other | 1 


which carry ‘different undeveloped pi 
This is the sense in which the ever more | | 
model of 
infection of 


- clues (of which the homoeoboxes ; are sonl 


horses. of development, the presumably. 


ed on the genes known to regulate de 


| before people attempt a full listing 


















insects ; whose’ larvae consist of segme 


of the mature creature. Here as in. oth 
organisms, ‘development at the earlie 
Stages of an embryo appears to be dete 
mined not merely by the genes but also by 
the cytoplasm of the fertilized egg, hence 
current interest in maternal effects — 

“maternal”. because sperm contributes 
next to nothing to the yolk. The objective 3 
now, is to tell what kinds of molecules are 
responsible. 

Oncogenes: also, but inevitably, nid. a 
part. Cells with the carcinogenic forms of 
Oficogénes escape: the usual constraints on 
growth and are developmentally abnor- 
mal, so may it be supposed that the proto- 
oncogenes from which the cancerous” 
forms derive play a part in the regulation 
of. normal: development? (Or are they” 
Jekyll and Hyde genes, as the question 
was put by Dr Michael Bishop (UC San 
Francisco)?) Now that it seems that the 
proteins derived from these normal cellu: 
lar genes are expressed differently in diffe- 
rent tissues, and at different stages of.de- 
velopment, at least in mice and Drosophi- 
la, there is some excitement that it may — 
soon be possible to tell how their normal — 
function is regulated, perhaps by molecu- 
lar influences outside the cell. Much the 
same is true of the search for the mechan: 
isms by which cells recognize contact with 
others, and to the presumably molecular | 
influences that guide neuronal proj ections 
tothe places at which they belong. 

So, it seems, there is progress ona 
broad front towards an understanding of 
development, largely with the help of 
several novel techniques and molecular 























































the most dramatic). | 
But even inthe simplest of all the work 


hard-wired nematode C. elegans, puzzle 
persist. Why should some cells be pr 
grammed to die, for example? An 

spite of the attention that has been lavish 


velopment in Drosophila, there are so. 
many of them, and their functions are so 
likely to overlap, that it will be a long tim 


them, with an accompanying chronol 
showing when they are switched o 
on. The obvious difficulty is that. sı 
task is no simpler than that of descrit 
how cells function as biochemical 
works. But at least, now; 
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Watery model for microbursts 


from Alan Thorpe 


AN INGENIOUS laboratoy simulation of 
the microburst — a severe hazard to air- 
craft on landing and taking off, and the 
probable cause of the fatal accident at 
Dallas, Fort Worth Airport in August — is 
reported by P.F. Linden and J.E. Simpson 
on page 601 of this issue. In the simula- 
tion, a dense fluid (saline water), which 
represents the cold air flowing out along 
the ground from a thunderstorm down- 
draught, flows into a less dense medium, 
producing a horizontal vortex at the lead- 
ing edge of the outflow. What is observed 
is an increase in circulation of the vortex as 


-it decreases in area, when the denser fluid 


spreads out in three dimensions away 


_ from the source. This strong circulation in 


the vertical plane is likely to be one of the 


= main hazards of microbursts for aviation. 


After preliminary studies some 10 years 


ago by T. T. Fujita of the University of 
_ Chicago into extremely localized down- 


draughts in thunderstorms, several cam- 


_ paigns were set up to observe their prop- 


erties. These phenomena are now known 
as downbursts or microbursts if they have 
a horizontal scale smaller than about four 


_ kilometres. Impetus for this research was, 


and continues to be, given by the well- 


documented hazards to aviation of down- 





bursts and related phenomena (see 
Kessler, E. Nature News and Views 
315, 179; 1985). Projects, with pictur- 
esque acronyms like NIMROD, JAWS 
and CLAWS, have shown, amongst other 


- features, the existence of the horizontal 


vortex structure now simulated by Linden 
and Simpson. In common with most met- 
eorological phenomena, complex flow 
patterns accompany the real event. 

The meteorologist is, however, rarely in 
the position of the physicist who con- 
structs a controlled laboratory experiment 
to test theoretical ideas. In a very real 
sense he is a spectator of the weather, 
attempting to develop theories about a 
system whose initial conditions are imper- 
fectly known and certainly uncontrol- 
lable. Flows relevant to meteorology that 





el ee m 
Wreckage of the Boring 747 that crashed 
in a thunderstorm at Dallas, Fort Worth air- 
port in August 1985 (photograph: Popperfoto). 


can be simulated in the laboratory with 
any degree of realism are therefore of con- 
siderable scientific interest. In that respect 
the work of John Simpson and his col- 
laborators over the past 15 years, using 
laboratory gravity currents to provide sim- 
plified models of thunderstorm outflows 
and sea-breeze fronts, is notable. Another 
valuable type of laboratory experiment is 
the rotating annulus, used to understand 
the sensitivity of global-scale circulations 
to basic parameters such as rotation rate, 
temperature differences between the pole 
and equator, and variations in surface 
elevation. In contrast, it is extremely diffi- 
cult to simulate, for example, a convective 
cloud in the laboratory as the critical re- 
lease of latent heat when water vapour 
condenses to liquid is difficult to repro- 
duce with workable laboratory fluids. 

It is important to consider the relation- 
ship of these laboratory results to the 
atmosphere. A thunderstorm is indeed a 
complex phenomenon from a fluid dy- 
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cooperation- 
between an updraught of buoyant. moist 
air and a cold downdraught. Microbursts 
are but one aspect of some downdraught 
outflows; Fujita enumerates many other 
structures which can be hazardous, includ- 
ing straight-line winds, suction vortices, 
burst swaths and tornadoes (J. atmos. Sci. 
38, 1511; 1981). Meteorologists are used 
to describing an entity like a thunderstorm 
as a whole system, realizing that details of 
the flow may be dependent on many other 
related features of the storm. For exam- 
ple, the evaporation and drag that is pro- 
duced by falling rain is necessary to main- 
tain the storm downdraught, and this air, 
which feeds the downburst outflow, has 
both rotation and considerable downward 
momentum, so may be far from being in 
hydrostatic balance. The laboratory simu- 
lation cannot represent all these proper- 
ties but can graphically illustrate those as- 
pects of the dynamics of microbursts that 
are shared with gravity-current flows. A 
more complete description will come from 
a combination of observations, laboratory 
experiments and numerical modelling. O 





Alan Thorpe is a Lecturer in the Department of 
Meteorology, Universtiy o Reading, PO Box 
239, Reading RG6 2AU, UK. 


Trophic control of channel gating? 


from Hans R. Brenner 


Synapses are the communication points 
between nerve cells but do they communi- 
cate more than just electrical signals? 
From work on the development of 
synapses, the answer is clearly yes. On 
page 621 of this issue, Marshall’, now 
demonstrates that, at neuronal synapses 
in frog sympathetic ganglia, the dynamic 
characteristics of postsynaptic ion chan- 
nels are influenced by the nature of the 
presynaptic input. 

Chemical transmission at synapses re- 
quires a high density of receptor proteins 
in the postsynaptic cell membrane. Bind- 
ing of neurotransmitters to the receptors 
ultimately results in an electrical response 
in the postsynaptic cell. Accumulation of 
receptors in the postsynaptic membrane 
seems to be induced by the presynaptic 
neurone when a synapse is formed. At one 
specialized synapse, the neuromuscular 
junction, it is known that accumulation of 
the receptors is followed by a change in 
the gating and conduction properties of 
their ion channels. Therefore, both the 
number of receptors and their functional 
properties at this synapse may be 
influenced by the presence of the 


presynaptic neurone. Marshall’ has now 
shown that the behaviour of postsynaptic 
channels on certain ganglionic neurones 
can be altered when the neurones are 
innervated by foreign axons. 


Sympathetic ganglion cells innervate 
smooth muscle and glands. In frog, two 
types of principal cells, B and C cells, can 
be readily distinguished by their size and 
the velocity with which they conduct elec- 
trical impulses. Stimulation of the nerves 
entering the ganglion, which contains 
afferent axons innervating the B and C 
cells (see figure), produces a fast excita- 
tory response followed by slower potential 
changes in both cell types. The fast excita- 
tory postsynaptic potential is mediated by 
nicotinic acetylcholine receptors and is 
analogous to the endplate potential in 
skeletal muscle. Marshall finds that the 
channels activated by acetylcholine in the 
two ganglion cell types differ in the times 
for which they remain open: the apparent 
mean open time of B-cell channels is con- 
siderably shorter than that of C-cell chan- 
nels. Furthermore, when B cells are chron- 
ically denervated, the gating behaviour of 
their channels is unchanged but if these 
cells are reinnervated by the axons that 
normally go to C cells the open times of” 
the B cell channels are prolonged, becom- 
ing similar to those in C cells. This is» 
a strong indication that the expressions» 
of specific characteristics of channels in. 
the postsynaptic membrane may depen 
on the type of presynaptic neurone’ 
that innervates them. 

The plasticity of the ganglion cells im 
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responding to a change in innervation 
by altering the kinetic properties of the 
subsynaptic ton channels seems much 
more pronounced than that of skeletal 
muscle fibres. In the frog. when autonomic 
neurones of the vagus nerve are surgically 
rerouted to innervate skeletal muscle 
fibres, the open times of the channels at 
these mismatched synapses are similar to 
those of normal muscle endplates*. This 1s 
much shorter than that of the channels in 
parasympathetic ganglion cells, which are 
the normal targets of the vagus nerve. 
Thus, when skeletal muscle fibres are the 
postsynaptic cells, the target determines 
how synaptic channels are gated by 
responding rather stereotypically to any 
cholinergic imnervation. Jn contrast, 
the function of the nicotinic channels in 
ganglion cells appears to be controlled 
by the ongin of the innervating neurone. 





Schematic diagram of the experimental 
paradigm used by Marshall’ In the frog 
sympathetic ganglia, B cells and C cells receive 
separate inputs (top). The B input fibres were 
cut and so degenerated (middle). Later the B 
cells were remnervated by C-cell inputs, 
probably by collateral sprouting (bottom). 


What is the nature of the presynaptic 
influence that induces these changes? 
Some clues come from recent work on the 
conversion of channels during the de- 
velopment of the neuromuscular junction. 
Even non-innervated embryonic, muscle 

cells contain two types of acetylcholine 
receptor (AChR) channels. One of these, 
a small proportion of the total number of 
«channels, resembles the mature endplates 
mfound at neuromuscular junctions’ Con- 
version to the mature form occurs focally, 
only where a synapse is formed, suggest- 
ing that trophic control by the innervating 
neurone 1s involved. There 1s, however, 
some indication from the development of 
surgically induced ectopic endplates in 
dult rat muscle that muscle activity may 
3e important for endplate differentiation, 
ncluding the expression of synaptic chan- 
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nel gating’ *. According to this notion. a 
neural ‘mark* is left on the muscle fibre 
(see ref. 6) and synaptic channels are 
expressed at these points following muscle 
activity In amphibians. on the other 
hand. using tetrodotoxin to block muscle 
activity does not seem to prevent the 
functional differentiation of the endplate 
membrane’ The relative importance of 
neurotrophic effects and of activity for 
synaptic channel expression may thus be 
different in mammals and ın amphibians. 
A number of molecular models to 
explain channel conversion at the devel- 
oping endplate have been proposed The 
two channel types present in the muscle- 
fibre membrane. junctional and non- 
junctional, may represent different con- 
formations of the same AChR molecule; 
or they may be structurally different as 
a result of synthesis by different genes 
or postranslational modification. Recent 
work suggests the latter’. The innervating 
neurone and the muscle activity it induces 
would then shift the balance between the 
two in favour of the junctional type. This 
could be brought about by a modification 
of the endplate membrane to favour incor- 
poration of the junctional form, or by the 





selective activation of junctional and the 
suppression of non-junctional AChR 
channel synthesis. 

Similar mechanisms may also be effec- 
tive in the control of B-cell channels by C- 
cell inputs in frog sympathetic ganglia. In 
addition to input-specific neurotrophic 
influences. different discharge patterns in 
preganglionic B and C cell inputs may be 
responsible for the different behaviour of 
the channels in the two ganglion cell 
populations and their responses to foreign 
Innervation A similar interaction has re- 
cently been shown for the expression of 
different molecular forms of acetylcholin- 
esterase at mammalian endplates’. QO 
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Dynamical systems 


Attraction in a new idea 


from lan Stewart 


IN MATHEMATICAL research the emphasis 
is usually on proving theorems. But it can 
also be important to find the right setting 
for basic concepts For example, it took 
several centuries to reach an effective de- 
finition of ‘limit’, an idea central to the 
calculus. In the qualitative theory of dyna- 
mical systems, an equally central concept 
is that of an ‘attractor’, which describes 
the system’s long-term behaviour. In- 
terest ın attractors has grown rapidly since 
the discovery of a variety of ‘strange’ 
attractors which exhibit deterministic 
chaos. But the literature contains almost 
as many definitions of the term attractor 
as there are authors. Examples that ought 
to be attractors sometimes fail to satisfy 
the proposed definition, while examples 
that ought not to be sometimes do. None 
of this affects the accuracy of the results, 
but it creates confusion and is obviously an 
unsatisfactory state of affairs. John Milnor 
(Comm. math. Phys. 99, 177; 1985) has 
now proposed a definition that seems 
to have all the advantages of previous 
attempts but none of the disadvantages. 
Let f be a continuous transformation of 
a manifold M. Discrete dynamics deals 
with the effects of iterating f, that 1s, with 
the behaviour of sequences x, f(x), f(f(x)), 
FO(f(x))). . for mitial points x in M 
Milnor's idea is to take seriously an in- 
formal approach due to P. Collet and J. P. 
Eckmann (/ferated Maps on the Interval as 
Dynamical Systems, Birkhauser, Boston 


1980), according to whom the attractor of 
a map f ıs “the set to which most points 
evolve under iteration of f” Three words 
in this statement require attention: 
“most”, “evolve” and, because f may have 
several attractors, “the”. 

To explain Milnor’s approach, a few 
standard ideas are needed Ifx1sa point in 
M, then its omega limit set a(x) consists 
of points in M that lie arbitarily close to 
iterates of x under f. A measure on M is a 
generalization of the ideas of area or 
volume of sets. Then Milnor defines a 
closed subset A of a compact manifold M 
to be an attractor if, first, its realm of 
attraction g@(A) — comprising those points 
x in M for which w(x)1s contained in A — 
has non-zero measure and, second, there 
is no smaller set B for which g(B) co- 
incides with @(A), except for a set of 
measure zero. As Milnor explains: “The 
first condition says that there is some pos- 
itive possibility that a randomly chosen 
point will be attracted to A, and the sec- 
ond says that every part of A plays an 
essential role”. i 

The use of the omega lımıt set in the 
definition of the realm of attraction takes 
care of “evolve”. The second condition 
deals with “most”. The fact that only o(A) 
is attracted to A allows for more than one 
attractor, each with a different realm of 
attraction. Of course, this definition has 
close resemblances to many previous 
proposals. Tlie set @(A) 1s known in the 
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literature as the basin of attraction 1f it is 
an open set, and as the stable manifold if it 
is a smooth manifold of dimension smaller 
than M. But Milnor’s realm of attraction 
need be neither open nor a smooth mani- 
fold, so it is more general. 

- The definition has many nice features. 
First, every f has atleast one attractor To 
prove this, Milnor introduces the likely 
limit set of f, and shows it ıs the unique 
largest attractor of f. Again, any compact 
set of positive measure that ıs mapped 
into itself by f must contain an attractor. 
Most important are the minimal, or 
smallest, attractors. There may be an in- 
finity of these, but it 1s a countable infinity. 
Some maps f may have no minimal attrac- 
tors; the identity map, which transforms 
every point of m into itself, is a trivial 
example. And if this likely limit set breaks 
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up into a finite number of minimal attrac- 
tors, their realms of attraction in m will 
divide this manifold into a finite number 
of sets of positive measure except for one 
set of measure zero. 

- Milnor discusses a number of important 
features of dynamical systems, such as sta- 
bility and robustness, showing how these 
relate to his definition. He also analyses 
a. number of key examples from the 
new point of view, showing that they fit 
naturally into the proposed framework. 
Perhaps now workers in the field of dynam- 
ical systems will be able to agree on the 
interpretation of one of the most basic 
concepts of the subject. J 


lan Stewart is in the Mathematics Institute, 
University of Warwick, Coventry CV4 7AL, 
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Positron emission tomography 


Progress in brain imaging 


from Marcus E. Raichle 


More than a decade has passed since the 
introduction of positron emission tomo- 
graphy (PET), a technique than’ can be 
used safely to measure physiological and 


biochemical processes in the brain and. 


other organs of human subjects in vivo. 
Large amounts of national research funds 
have been spent in equipping’ a small 
number of laboratories around the world 
with the imaging equipment, cyclotrons, 
chemistry laboratories and staffs of highly 
skilled professionals (see figure) needed 
to accomplish the proposed studies Has 
PET so far justified such an expenditure? 

Emission tomography is a technique 
that produces an image of the distribution 
of a previously administered’ radionuclide 
in any desired section of the body. PET 
utilizes the unique properties of the 
annihilation radiation generated when 
positrons are absorbed in matter to pro- 
vide an image that is a highly faithful 
representation of the spatial distribution 
of radionuclide at a selected level in the 
tissue’. The images are effectively equiv- 
alent to quantitative tissue autoradio- 
grams obtained with laboratory animals 
but PET has the added advantage that it is 
non-invasive, hence studies are possible in 
living animals, including humans. .The 
complexity of the PET method arises in 
part from the short half-life of the most 


commonly used radionuclides: about two 


minutes for “O, 10 minutes for “N, 20 
minutes for`C and 110 minutes for “F. 
This means that an in-house cyclotron and 
skilled chemists are necessary to incor- 
porate quickly the radionuclides into 
appropriate radiopharmaceuticals. 

Using "“F-labelled fluoro-deoxyglucose, 
PET investigators quickly adapted the 
successful deoxyglucose autoradiographic 
technique developed by Sokoloff et al.* for 
measuring local brain-glucose metabolism 


fa 


so that PET tended to become syn- 
onymous with deoxyglucose measure- 
ments of local brain-glucose metabolism 
in humans. Many attractive, colour-coded 
images of normal, as well as diseased, 
human brains at work soon appeared in 
the scientific literature, at scientific meet- 
ings.and even in the media. This highly 
visible beginning fuelled premature ex- 
pectations of early scientific and clinical 
payoffs from an expensive and very com- 





PET study of regional berebea orreen utihza- 
tion. A beam from a cyclotron (1) hits a target 
(2) to produce'*O, which 1s fed to the control 
console (3), where a radiochemist monitors the 
gas supplied to the patient through a mask (4) 
An array of detectors (5) record the positron 
captures, which are processed by computer (6) 
to reconstruct an image of the,section on the 
screen (7) (Drawing courtesy of T Jones ) 
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plex new technology. It also raised doubts 
about the validity of the deoxyglucose 
technique’**, misinterpreted by some to 
indicate that PET itself might be invalid’. 

The controversy surrounding the de- 
oxyglucose technique itself has now 
largely been resolved’*, with the result 
that this very interesting and important 
technique is now much better understood, 
and there is a greater respect for the 
complexity of PET. What escaped the 
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notice of the critics was that PET employs 
a variety of quantitative tracer techmiques 
in addition to the deoxyglucose method 
each utilizing a different mathematical 
model and radiopharmaceutical These 
techniques can be used to make such 
diverse measurements as local blood 
flow’, blood volume”, oxygen consump- 
tion", pH (ref. 12), blood-brain barrer 
permeability” and receptor binding”. 
Using accepted techniques for the 
measurement of brain blood flow and 
metabolism, PET has provided important 
new information in the metabolism of 
specific brain tumors”, the effect of focal 
epilepsy on the brain", and the changes in 
local metabolism that occur with aging”, 
in dementia” and in certain other degen- 
erative diseases”. Equally promising are 
studies of the pathophysiology of strokes 
as well as the identification of patients at 
increased risk for stroke”. Studies of 
major psychiatric diseases, like schizo- 
phrenia, mania and depression, have 
received considerable attention but, for 
the most part, results have been conflict- 
ing and inconclusive. This probably re- 
flects difficulties in establishing reliable 
diagnoses, failure to account for factors 


- such as the effect of medications and to do 


~ 


well controlled, quantitative measure- 
ments. A report last year in Nature” 
indicates, however, that when a well- 
characterized and clearly validated PET 
measurement is applied to a well-defined 
subject population, psychiatric disease 
will become a very fruitful area for investi- 
gation with PET l l 

PET has also demonstrated its capacıty 
to contribute to a better understandıng 
of normal brain function. Abundant evi- 
dence indicates that functional activity, 
for example, somaethesis, audition, move- 
ments of all types and vision, causes 
striking changes ın local brain blood flow 
and glucose uptake, which can be quite 
precisely detected with PET. Analysis of 
such changes has progressed from simple 
qualitative, uncontrolled demonstrations 
of anticipated changes — = ‘gee-whiz’ 
images —- to much more sophisticated 
studies using rigorously controlled ex- 
perimental paradigms and precise ana- 
lytical techniques”. It might be argued by 
some that it will be virtually impossible for 
PET to reveal the underlying neuronal 
elements participating in such changes, 
and hence contribute little to our under- 
standing of how the brain works. It seems 
fair to assume, however, that once PET 
has safely identified a specific area of nor- 
mal human cortex responsible for a well- 
defined type of information processing, 
a task it is uniquely equipped to do, 
other neurobiological techniques can be 
brought to bear on'the exact nature of the 
process Complementary interaction ojii 
this type will benefit both clinical investi- 
gators and basic neuroscientists. 

A new and important area of PEI 
research is neuropharmacology. Most 
attention has been directed to the— 
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development of quantitative techniques 
for the measurement of receptor pharma- 
cology” This work was stimulated by 
many elegant demonstrations of binding 
of specific radiohgands to receptors in 
tissue homogenates or slices. 

The transition from quantitative in vitro 
binding studies to in vivo examination 
with PET ıs complex. Jn vitro, binding 
affinity and number of binding sites are 
analysed under strict equilibrium cond- 
itions which are easily achieved. In vivo 
studies have to be made under non-equi- 
librium conditions brought about by fac- 
tors which affect the regional concen- 
tration of free radioligand in the brain, 
such as nonspecific binding of tracer in 
blood and brain. blood—brain barrier per- 
meability and blood flow. The metabolism 
of the tracer can also cause various 
radiolabelled metabolites to appear in 
both blood and tissue. As a result, quanti- 
tative estimates of the number of recep- 
tors and their affinity cannot be obtained 
from a single measurement; rather, mul- 
tiple sequential measurements, easily ob- 
tained with PET, are needed to delineate 
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the time course of the radioactivity both in 


the tissue of interest and in the blood, with: 


a correction for the presence of labelled 
metabolites in the blood. 

The data must then be analysed using an 
appropriate mathematical model to relate 
brain and blood radioactivity measure- 
ments to measurements of receptor phy- 
siology. Inferences drawn from qualita- 
tive, #7 vivo measurements based on single 
tissue autoradiograms or PET images 
must be viewed with extreme caution, de- 
spite their intuitive visual appeal Unfor- 
tunately this sort of inference is the rule 
rather than the exception. 

Recent attempts to examine the more 
complex but equally interesting subject of 
transmitter metabolism with PET have 
suggested another fruitful area of 
research” All the complex issues facing 
the study of receptor pharmacology also 
apply here, with the added problem 
that local tissue metabolism of the 
radiolabelled tracer 1s especially critical. 
Considerable time, effort and money will 
be necessary to perfect such measure- 
ments but current evidence suggests they 
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will be amply rewarded. 

.A thoughtful review of PET research 
clearly indicates it 1s gradually fulfilling 
its promise as a legitimate and important 
tool for clinical research Considerable 
uneveness in the quality and quantity of 
published research from extant PET 
centres is, however, very evident. What 
are some of the problems? One factor is 
clearly a normal process of maturation ofa 
very complex technology, one which is 
simultaneously advancing on several 
important fronts. Initial development 1s 
necessarily slow — particularly as instru- 
ment design and construction, radio- 
pharmaceutical development and tracer 
modelling, as well as experimental design, 
execution and interpretation have often 
all had to occur ina single PET laboratory. 
For success, this process requires inter- 
action and close collaboration between 
investigators with expertise in nstrument- 
ation, chemistry, tracer kinetics, clinical 
neurology and neurobiology: full com- 
mitment is essential. Workers in this 
field would now agree this 1s not easily or 
quickly achieved, which perhaps accounts 





John F. Enders (1897-1985) 


Joun Enpers, who died unexpectedly on 
8 September 1985 just as he had finished 
reading a volume of poems by T.S. Eliot, 
was awarded a Nobel Prize for Physiology 
and Medicine in 1954 for discovering how 
to grow the poliovirus in culture, which 
was crucial to the development of the first 
polio vaccine. 

Enders had an almost lifelong scholarly 
interest in English and Celtic literature, 
and it was while working on a doctoral 
thesis about the use of gender in Middle 
English that he became interested in 
microbiology. He was sharing rooms with 
H.K. Ward, who had come from Australia 
to work with Hans Zinsser and Enders’s 
long-latent interest in biology was roused 
by his visits with Ward to Zinsser’s 
laboratory. Consequently, when he did 
obtain a Ph.D. from Harvard University in 
1930, his thesis concerned the purification 
from the tubercle bacillus of the carbohyd- 
rate antigen that caused anaphylaxis and 
was separable and distinct from the pro- 
tein antigen that caused delayed hyper- 
sensitivity. Like most microbiologists of his 
generation, Enders studied the tubercle 
bacillus and the pneumococcus in the 
search for improved serum therapy. In 
1933, his classic paper with Ward showed 
that the opsonic activity of serum against 
type II pneumococci was due to specific 
antibody and complement. 

His interest in virology resulted from a 
devastating epizootic in kittens that swept 
through the animal quarters of the Har- 
vard Medical School in 1937. He quickly 
discerned that the cats had a disease that a 
filterable agent could transmit. His pub- 
lication in 1939 on distemper in cats must 
be a landmark in the clinical feline liter- 


ature for it describes in clear and concise 
detail the clinical course, the pathology 
and the aetiology of the disease. He be- 
came interested in the problem of in vitro 
propagation of viruses and, in 1940, re- 
ported with A.E. Feller and T.H. Weller 
the first successful prolonged culture of a 
virus in roller-tube cultures. These prom- 
ising leads on the cultivation of vaccinia 
virus, and subsequently influenza virus, 
were interrupted by the outbreak of the 
Second World War. In 1941 he became a 
consultant to the Secretary of War on 
epidemic diseases. A massive plasma 
fractionation programme was being 
developed in E.J. Cohn’s laboratory at the 
Harvard Medical School and Enders 
showed that antibodies to a variety of anti- 
gens were not fractionating uniformly. He 
anticipated the future discovery of IgM, 
IgA and IgG antibodies. At the war’s end, 
he took up a detailed study of the mumps 
virus; he purified the complement-fixing 
antigen from parotid glands of infected 
monkeys, developed the skin-test material 
for eliciting delayed hypersensitivity in 
immune individuals and eventually he 
managed to propagate the mumps virus in 
tissue culture. 

t While this work was progressing, he 
moved his laboratories from the Depart- 
ment of Microbiology at the Harvard 
Medical School to the nearby Children’s 
Hospital. There he was joined by T.H. 
Weller and F.C. Robbins. In 1949, they 
jointly reported in Science, in the briefest 
and most understated terms, the sens- 
ational finding that they had succeeded in 
propagating the poliovirus in tissue cul- 
tures of non-neuronal origin. They mea- 
sured a 10°-fold increase in infective virus 


during the period of culture as assayed by 
mouse intracerebral inoculation. Within 
the year, they were able to circumvent this 
cumbersome bioassay by observing a cyto- 
pathic effect on human foreskin fibro- 
blasts in vitro as revealed by changes in pH 
in the culture fluid. In three brief, concise 
reports, the groundwork was laid for the 
development of a vaccine that has relieved 
untold amounts of human deformity, suf- 
fering and death. In 1954, Enders was 
awarded the Nobel Prize for this discovery 
but declined to accept the honour unless his 
two young colleagues, Weller and Robbins, 
who, as he said, “had done the work”, could 
also share the prize. And so they did. This 
must be the most unsordid act in the history 
of the Nobel Prize and betrays the humble- 
ness, decency and modesty which charac- 
terized the life of John Enders. 

In the following summer, ironically, 
Boston was struck by the most devastating 
polio epidemic in its history. By this time 
others were busily engaged in polio vac- 
cine development, so Enders turned his 
attention to the measles virus and success- 
fully developed a measles vaccine. In his 
last decade of work, he made important 
contributions to the transformation of 
cells in vitro by simian virus 40 and the 
oncogenicity of these transformed cells in 
hamsters. He finally ended his active work 
in 1972 at the age of 75. 

John Enders was in many ways a richly 
endowed man and he shared these gifts 
with many people. He was descended 
from a family that had great success in the 
insurance and banking businesses but he 
eschewed a life of ease, or one in the financ- 
ial world, after a brief and unsuccessful 
attempt at it in 1920. He felt that his roots 
lay with Edward Jenner and Louis Pasteur, 
whose picture always adorned his office. In 
this he was correct. F S. Rosen 
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for the relatively small number of high 
quality PET centres in operation. 

A review of the PET literature also re- 
veals studies with two very different goals. 
One type is designed to evaluate the 
usefulness of PET as a clinical tool, 
whereas the other attempts to answer well 
formulated research questions This di- 
chotomy reflects the expectations of the 
investigators involved in a particular study 
and the requirements, which are very dif- 
ferent. Quantitative accuracy, although 
desirable, 1s not really necessary for a 
technique to be clinically useful, whereas 
it is essential for research. The ultimate 
clinical benefit of any diagnostic proced- 
ure is its ability to reduce morbidity and 
mortality by providing information not 
previously available or by replacing more 
expensive or hazardous procedures. Thus, 
each study must be judged on its intent but 
this is, unfortunately, not always clear. 

Will PET be superceded by nuclear 
magnetic resonance (NMR) imaging, 
which should ultimately enable us to carry 
out spectroscopy and make biochemical 
measurements in vivo? The answer is no. 
PET, with its far superior sensitivity”, will 
continue to employ classic tracer techni- 
ques to provide unique information on an 
increasingly wide range of physiological 
variables including many, such as recep- 
tor pharmacology and neurotransmitter 
metabolism, that are simply not possible 
with NMR. The majority of NMR studies 
to date involve high resolution anatomical 
imaging, not spectroscopy. NMR spectro- 
scopy will undoubtedly complement 
PET by providing in vivo information on 
such things as metabolic intermediates 
and tissue electrolytes, albeit at a much 
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lower sensitivity than PET and, hence, 


‘ with somewhat lower resolution. 


For PET to achieve its true potential it 
must blend into the fabric of biological 
science, seeking enrichment from the vast 
storehouse of new information available 
from the basic sciences. This can only 


occur through direct, personal interac-" 


tions among fully committed individuals 
at the forefront of science. PET will then 
contribute, effectively and uniquely, to a 
better understanding of human’biology. O 
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Chemistry 


Cyclic fixation of nitrogen 


from Fraser Armstrong 


THE catalytic fixation of nitrogen to pro- 
duce ammonia at ambient temperatures 
and pressures in an electrochemical cell, 
reported on page 652 of this issue, is a 
considerable achievement in basic chemis- 
try and has interesting similarities to nit- 
rogen fixation as occurs, for example, in 
plant root nodules. 

It is widely believed that nitrogen fix- 
ation by nitrogenase 1s catalysed by a co- 
factor that contains molybdenum, iron 
and sulphur and to which electrons are 
conveyed by iron -sulphur clusters. While 
the detailed molecular mechanism has yet 
to be established, insight has been 
gained by studies of viable chemical 
pathways based on reactions of structur- 
ally characterized small molecules. A pri- 
mary consideration has been the accom- 
modation of simultaneous demands for 
protonation and electronation, reflected 
in the stoichiometry of ammonia 
formation: N,+6H*+6é—2NH,,. 


As a free molecule, dinitrogen is chem- 
ically rather inert. However, since the dis- 
covery of the first metal dinitrogen com- 
plex [Ru(NH,),(N,)]* by Allen and Senoff 
(Chem. Commun. 221; 1965), the possi- 
bility that dinitrogen could be activated 
via coordination to electron-rich metal 
atoms has been pursued with interest. In 
1975, J. Chatt and coworkers at the Agri- 
cultural Research Council Unit of Nitrogen 
Fixation at the Umversity of Sussex 
showed that dinitrogen bound in mono- 
meric molybdenum or tungsten complex- 
es of the type [M(N,),(PR,),], where M is 
Mo or W and R is an alkyl or aryl group, 
could be activated towards protonation 
to yield ammonia in near-theoretical 
amounts (Nature 253, 39; 1975). The reac- 
tion of these complexes with sulphuric 
acid in methanol produced two molecules 
of ammonia and one molecule of dinitro- 
gen, and demonstrated chemical guide- 
lines for achieving the above reaction 
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under ambient laboratory conditions. But 
the extension to a full catalytic process. 
analogous to enzymatic nitrogen fixation 
and suitable for development as a viable 
means for ammonia synthesis, was res- 
tricted by oxidative degradation of the 
core [M(PR,),]. This occurs because the 
necessary electrons are formally derived 
from the metal, without any external 
replenishment, and dissociation of the 
monodentate phosphine ligands and sub- 
stitution by sulphate occurs as the formal 
metal oxidation state is increased. 

As C.J. Pickett and J. Talarmin now 
report, chemists at Sussex have devised 
a catalytic scheme whereby protonation 
of tungsten diphosphine dinitrogen com- 
plexes 1s coupled with electrochemical 
reduction in a mitrogen atmosphere to 
yield ammonia, with regeneration of the 
starting material trans-[W(N,).(dppe).|, 
where dppe ıs 1,2—diphenylphosphino- 
ethane. By using bidentate phosphine 
ligands, dissociation is prevented and an 
intact metal core is conserved. The devel- 
opment is particularly interesting since 
certain intermediate species have been 
well-characterized in independent studies. _ 

Stoichiometric proton transfer to trans- 
[W(N,),(dppe),] from two equivalents of 
added tosylic acid (toluene p-sulphonic 
acid) yields the hydrazido(2—)(+=N-NH,) 
complex, for which the formal oxidation 
state of tungsten has been raised from 
0 to IV. The remaining dinitrogen 
ligand is replaced by tosylate, giving 
[W'(NNH,)(OTs)(dppe),|’. Chatt and his 
coworkers had observed that further pro- 
tonation of hydrazido(2—) complexes, 
leading to ammonia formation, did not 
occur unless electron density at the metal 
could be replenished. With complexes 
having four monodentate phosphine 
ligands this. could be achieved through 
replacement of phosphine by sulphate, a 
much stronger donor Metal complexes 
with two bidentate phosphines are, how- 
ever, more resistant to substitution, thus 
protonation is terminated at the hydra- 
zido(2— ) stage. The chemistry of this class 
of compounds, in particular the dialkyl 
derivatives (=N-—NR,), has received much 
attention. Most interestingly, it has 
been found that the complex trans- 
[Mo™Br(NNR,)(dppe)]* can undergo 
two-electron reduction with: loss of 
bromide to yield a reactive five-coordinate 
species [Mo'(NNR,)(dppe).,] (Pickett. 
C.J. and Leigh, G.J. JCS chem. Commun., 
1033; 1981). Treatment with anhyd- 
rous HBr yields the amine HNR, and 
an imido complex [Mo Br(NH) (dppe),]* 
(Hussain, W., Leigh, G.J. and Pickett, 
C.J. JCS chem. Commun., 747; 1982). 
Thus the requirement for ligand substitu- 
tion, to maintain electron density on 
the metal, can be superceded by a 
clean reduction step which conserves the 
M(dppe), equatorial configuration. 

Pickett and Talarmin suggest that 
ammonia formation proceeds by proton- 
ation and the resultant N—N bond cleav- 
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age at the aala reactive complex 
[W"(NNH,)(dppe),]. afforded by electro- 
chemical reduction of [W" (NNH, \(OTsy 
(dppe).]". An important point to note 
here is that tosylate, as an excellent leav- 
ing group. facilitates the necessary reduc- 
tive transformation from six- to. five- 
coordination with conservation of the 
=N-NH, entity. The second ammonia is 
suggested to arise by rapid reduction and 
protonation of the resulting W°“ imido 
complex, although this and subsequent in- 
termediates are not detected, indicating 
that the relevant sub-processes ,are not 
rate-limiting. The overall proton require- 
ment is met by sacrificial deprotonation of 
[W,.(NNH.)(OTs)(dppe),]*. thus permit- 
ting protonation reactions to accompany 
‘low-potential electrolysis without trouble- 
some levels of hydrogen evolution. 

There ıs indirect evidence that a 
hydrazido(2—) ligand bound at a single 
metal site is an intermediate in the nitrog- 
enase cycle (Thorneley, R.N.F., Eady, 
R.R. and Lowe, D.J. Nature 272, 557 
1978). This suggestion hinges largely on 
the observation that chemical quenching 
of pre-steady-state enzyme turnover pro- 
duces the same yield of hydrazine regard- 
less of whether an acid or alkal: quench 1s 
used. Of the tungsten phosphine com- 
plexes with various bound dinitrogen hyd- 
ride species, only hydrazido(2—) com- 
plexes also give hydrazine in equal yield 
from acid or alkali hydrolysis. Free 
hydrazine, itself, is a poor substrate for 
ammonia formation, so is unlikely to be 
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an intermediate compound. 

Both enzymatic and electrochemical 
generation of ammonia involve low- 
potential species which can reduce pro- 
tons that, necessarily. are available. Thus 
‘nitrogenase turnover faces competition 
from hydrogen evolution. Lowe and 
Thorneley (Biochem. J 224, 877; 1984) 
suggest that the competition is minimized 
by step-wise electronation and proton- 
ation. The consequent slow turnover rate 
(1.5s7'), which is compensated for by high 
cellular concentrations of the enzyme (up 
to 40 per cent of the cytoplasmic protein) 
reflects the price that nitrogen-fixing 
organisms have to pay for producing 
ammonia rather than hydrogen. This 
problem has not been completely over- 
come in Pickett and Talarmin’s system, in 
which temporal separation of protonation 


_ and electronation is still required. 


There remains the question of how 
dinitrogen interacts chemically with the 
enzyme and ıs transformed into ammonia; 
the important structural aspects are as yet 
undetermined. The demonstration of a 
cyclic route to ammonia synthesis through 
several identifiable tungsten phosphine 
complexes has attractive technological 
possibilities, It must also be seen as a valu- 
able elaboration of a working chemical 
framework within which some features of 
nitrogenase activity are evident. O 


Fraser Armstrong ts a Royal Society University 


Research Fellow at the Inorganic Chemistry 
Laboratory, Oxford University, South Parks 
Road, Oxford OXI 3QR, UK. 
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Future of the world’s primates 


from Jared M. Diamond 


PRIMATE conservation poses paradoxes 
Although our own numbers continue to 
grow, almost all other primate species are 
declining, many of them verging towards 
extinction. Yet it would seem relatively 
easy to enlist support for saving primates: 
they exceed all other animals, except 
perhaps pandas:.and big cats, in their 
popular appeal; they play a unique role ın 
biomedical research; and they exist in 
varied societies and are often ecologically 
dominant, making them of interest to 
biologists. But that same demand for 
primates, combined with their low pop- 
ulation densities and reproductive rates, 
makes them vulnerable. These paradoxes 
were explored at a recent meeting’, at 
which many speakers summarized the 
status of the approximately 200 primate 
species ın the world. 

Most species live in tropical forests, 
with the highest concentration in Brazil 
(51 species), followed by Zaire, Came- 
roon, Madagascar, Peru, Colombia and 


“ Primates the Road to Self-sustaming Populations’ spon- 
sored by the San Diego Zoological Soctety and the Morris 
Animal Foundation 24 ~ 28 June 1985 in Sun Diego USA 


Indonesia (about 30 each). Of the 13 
species of apes, all except four gibbon 
species are now endangered. There are 


less than 400 mountain gorillas, and no, 


population of pygmy chimpanzees is pro- 
tected by any national park. All Madagas- 
can primate species are declining. In the_ 
Atlantic forest of Brazil, which has been 
cut to less than 5 per cent of its former 
area, 14 out of 21 primate species are en- 
dangered. These include the woolly spider 
monkey (Brachyteles arachnoides), the 
largest New World primate, now reduced 
to about 240 individuals surviving from a 
former 400,000, and’ the golden lion 
tamarin, down to 200-300 wild individuals 
in a single forest patch of 20 square miles. 
Even the widely distributed rhesus 
macaque, the primate species that is most 
tolerant of humans, has declined to about 
3 per cent of its former numbers ın India. 
When such an abundant, hardy and adapt- 
able species is so badly affected. how can 
rare and shy forest-dwellers be protected? 

The ideal and cheapest solution would 
be .conservation in the wild. Reserves 
designed around popular primates as “flag- 
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ship species’ save thousands of other 
plant and animal species As presen- 
tations by David Chivers, Russell Mitter- 
meier, John Oates and Amy Vedder 
illustrated, people in underdeveloped 
tropical countries will support primate 
conservation only where there are massive 
educational campaigns combined with 
economic incentives. In Rwanda (the 
African country with the highest human 
population density), the local people other 
than the poachers knew almost nothing 
about mountain gorillas in 1978. As a 
result of acomprehensive project focusing 
on the needs of local people, poaching had 
virtually ceased by 1984, and tourism 
based on viewing wild gorillas became the 
country's third-ranked earner of foreign 
currency. 

The drawbacks of the alternative solu- 
tion of captive preservation in zoos — ex- 
pense, genetic impoverishment, destruct- 
ion of learned behavioural traditions, 
diversion of attention from wild primate 
populations and no benefits trickling 
down to conservation of thousands of 
other species — were summarized by 
David Western. For instance, the last 14 
northern white rhinoceroses remain in the 
wild in Africa, at continued risk of 





(Saguinus oedipus) 


Logo of World Wildlife Fund campaign to save 
the cotton-top tamarin in Colombia. 


poaching. They would be safer in zoos but 
African governments refuse to permit 
their capture, correctly foreseeing that 
foreign financial support for rhino habitat 
would end if the animals were in zoos. 
Nevertheless, the tragic litany of extinct 
species illustrates that captive preser- 
vation must’ sometimes be considered, if 
only as a fail-safe strategy. Endangered 
non-primate species that have been or 
soon may be reintroduced to the wild from 
captive populations include the nene, 
Arabian oryx and Przewalski’s horse; pri- 
mates likely to join this list include the 
golden lion tamarin (discussed by Ben- 
jamin Beck and Devra Kleiman of the US 
National Zoo), ruffed lemur, lion-tailed 
macaque and spider monkeys. A further 
justification for preservation in captivity 
is that many studies of behaviour and 
physiology require captive animals. Finally, 
without the public interest, and hence 
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money, that captive animals evoke, there 
would be much less money for preser- 
vation in the wild. 

How successful has captive breeding of 
primates been? Marvin Jones, Jonathan 
Pollock and Nate Flesness explained that 
many of the biological problems have 
been solved: 127 of the world’s 200 
primate species have bred in captivity’ 


But for only 46 of those species do the’ 


records of the International Species In- 
ventory System indicate a self-sustaining 
zoo population exceeding 100 individuals. 
Worse, for only eight species does the effec- 
tive population size, corrected for sex 
ratio, exceed 100. Thus, captive breeding 
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imated at 43.000 animals per year. with 
the United States the leading importer. 
followed by Britain, France. Japan and 
Taiwan (The International Primate Trade 
Vol. 1; eds Mack, D. & Mittermeier. R. 
Washington DC, 1984). For each animal 
imported, another dies during capture or 
in transit. The biomedical community has 
not been heavily involved ın primate con- 
servation or in monitoring the effect of the 
primate trade on wild populations: it has 
simply shifted its supply sources as succes- 
sive countries imposed export bans. For 
instance, the United States currently im- 
ports 7,000 long-tailed macaques annually 
from the Philippines, but there no census 


Comparative costs of primate conservation and of primate breeding for biomedical research 


; $ 

Cost of a young pygmy chimpanzee (an endangered ape species) in Zaire 16 
Annual salary of graduate biologist in Indonesia’s Conservation Department 180 
Annual budget (excepting salaries) of Madagascar’s National Reserve system 900 
Cost of a typical primate project in developing countries, funded by WWF t l 

Primate Action Fund 500 — 3,000 
Annual budget of first modern long-term study of wild lemurs, recently begun in ik 

Madagascar 5,000 
Annual budget of Serengeti National Park (one of the largest and most successful , 

tropical national parks) 100,000 
Annual budget of WWF programme to save Brazil’s Atlantic forests ~ 125,000 
Annual worldwide budget of WWF Primate Programme 250,000 
Annual maintenance cost of chimpanzees used for research in the United States 

(1000 animals, $5000 per animal) 5,000,000 
Annual purchase cost of captive-bred rhesus macaques used in the United States l 

(6000 animals, $1000 per animal) ‘ 6,000,000 


t WWF, United States office of the World Wildlife Fund. 


to date has rarely achieved the confer- 
ence’s goal of providing a self-sustaining, 
safely large population. The main ob- 
stacles have been lack of funds and public 
opposition to the capture of wild primates. 
To postpone captive breeding efforts until 
the wild population is endangered guaran- 
tees competition between wild and captive 
preservation. The resulting disputes, ex- 
emplified by the current debate over what 
to do with the last nine wild California 
condors, could be avoided if captive 
breeding were started in parallel with pre- 
servation in the wild before a species 
becomes endangered. 

Primates are essential in biomedical 
research because they spontaneously 
develop or can be inoculated with many 
human diseases such as polio, malaria, 
acquired immune deficiency syndrome 
(AIDS), kuru, yellow fever, Down's syn- 
drome, colon cancer and diabetes mellitus. 
The development of the polio vaccine con- 
sumed over a million rhesus macaques; 
the hoped-for development of vaccines 
against AIDS and malaria would be just 
as unthinkable without primate testing. 
Thus the availability of other primates 1s 
literally a matter of life or death for 
Homo sapiens. 

Initially, the need for primates in re- 
search was met wholly by wild animals. 
Imports of rhesus macaques to the United 
States for polio research peaked in the late 
1950s at 200.000 animals per year. Even 
today, the world trade in primates ıs est- 


is made to assess whether the population 1s 
being depleted by the harvest. 

As wild primate populations dwindled 
through the 1970s and public opposition to 
the primate trade grew, the National Insti- 
tutes of Health (NIH) could foresee grow- 
ing jeopardy to wild supplies. (India banned 
the export of; rhesus macaques in 1978.) 
The NIH solution, reviewed by William 
Gay and Dennis Johnsen, was to support 
captive breeding, particularly of rhesus 
but also of other species. About 55.000 


-primates are used annually in research 
, projects in the United States alone. A 


captive-born adult rhesus macaque can be 


_bought in the United States for roughly 


$1,000. while a captive chimpanzee can be 
maintained for about $5,000 per year. 
These costs may seem huge compared 
with costs of laboratory mice, but they 
constitute less than 15 per cent of NIH 
research grant budgets and. are not a 
crippling burden on biomedical research. 

Dilemmas arise, however. when one 
contrasts these expenditures for captive- 
bred primates used in research with 
expenditures for primate conservation. 
The table compares two components of 
expenditure in the United States for 
captive-bred primates against the costs of 
some conservation projects in the wild. 
Although these two components- (each 
around $5 or 6 million annually) represent 
only part of the biomedical primate ex- 
penditure in only one country. they dwarf 
even the largest existing programme in 


w 
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primate conservation. the: Primate Pro- 
gramme of the World Wildlife Fund of the 
"United States. whose total annual budget 
covering many projects Is about $250. 000. 
Budgets of the-largest conservation proj- 
ects directed,at many other species as well 
as primates. such as the annual budget of 
Serengeti National Park ($100: 000) or 
of Brazil's Atlantic forest programme 
($125.000). are equally modest. Annual 
budgets of other primate conservation 
projects can be less than $1.000 per vear 
For each such programme there are many 
other equally worthy ones that could not 
be funded. For the cost, of one captive- 
bred rhesus. Madagascar could double its 
national park’ budget. For one-seventh 
of the United States annual expenditure 
for importing long-tailed macaques. 
Cameroon could proceed with setting up 
three new national parks to protect 26 
primate species. 

It would be wrong to conclude that the 
biomedical community has.a good deal 
and only ‘primates and conservationists 


_ have a bad deal. As'the conference illus- 


trated, the current solution that relies on 
captive breeding plus largely unmonitored 
cropping of wild animals is a bad deal for 
biomedical research as well, in at least 
three ways First. captive-bred animals 
cost much more than imported wild ones 
(for example $1.000 for a captive-bred 
rhesus macaque m the United States. 
$2,000 in Holland, against $200 — 300 for 
the similar long-tailed macaque caught in 
the wild). An NIH-funded study at Iquitos 
(Peru) showed the feasibility of sustained 
cropping of wild tamarins without.deplet- 
ing their numbers. Second, the present 
situation cannot last: most primates used 
in research ‘are still caught in the wild. 
most wild populations that have been 
studied are declining and there is a trend 
towards export bans by more and more 
countries with wild primates. Finally. 
vanishing wild stocks mean that the pos- 
sibility of establishing self-sustaining cap- 
tive populations of more primate species is 
also vanishing. It takes many:years of con- 
tinuing wild primate importation to estab- 
lish a captive colony: for the golden lion 
tamarin, it took eight years for the colony 
size to rise’ steeply and 13 years to reach 
even the present modest size of 400 anim- 
als. Thus. although we know that different 
species are suited for studying different 
problems. the present limited suite of cap- 
tive -primate species, available for- bio: 
medical research is unlikely to increase. 
Thus, an increase in’ the present shoe- 
string funding levels for primate conserva- 
tion might be cost-effective for biomedical 
research in decreasing animal costs while 
increasing supply stability.and diversity. It 
would also benefit primate conservation 
and, indirectly. the conservation of many 
other species. E 


~ 


Jared M. Diamond is Paiste of Piivsielogy a 
the University of California Medical School 
Los Angeles, California 90024, USA 
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Transformation of cereal 
crops by direct gene transfer 


from M. G.K. Jones 


One problem in using recombinant DNA 
technology to engineer genetically cereals 
(the most important food crops) and other 
Gramineae has been the inability of Agro- 
bacterium to act as a gene vector for such- 
plants. despite its success in dicotyledons. 
But it has now been demonstrated that 
transformation of gramineous proto- 
plasts. with the production of genetically 
modified callus tissue. can be achieved by 
direct gene transfer without the need for 
Agrobacteriwm-based vectors'* by extend- 
ing earlier successful experiments that 
used tobacco protoplasts’. Mendelian in- 
heritance of genes directly introduced into 
tobacco, following crossing of regener- 
ated plants. has also been demonstrated””. 
The work shows that there is no funda- 
mental molecular block to transformation 
of gramineous species and indicates that 
genetic engineering technology will soon 
be brought to bear on cereal crops. 

For dicotyledonous species, methods of 
gene transfer into plants using Agrobac- 
terium can be used routinely to achieve 
stable integration of foreign genes into the 
nuclear genome; the transfer of such 
genes to offspring following sexual crosses 
has been monitored. Attempts to use the 
Same approach for monocotyledonous 
species have met with some success, as 
described in these columns’. Thus, Narcis- 
sus and Chlorophytum produce swellings 
that contain opines following inoculation 
with A. tumefaciens’ — expression of 
opine synthesis genes usually depends on 
their transfer into plant cells. And the in- 
duction of tumorous growth in Asparagus 
plants by A. tumefaciens with the produc- 
tion of nopaline* demonstrates that some 
monocotyledonous plants are susceptible 
to infection by Agrobacterium and can ex- 
press tumour DNA, although conclusive 
proof of the integration of foreign DNA 
is lacking. 

In the earlier work on tobacco (Nico- 
tiana tabacum) Paszkowski, Potrykus and 
co-workers introduced selectable foreign 
DNA into protoplasts by direct gene 
transfer. where it became integrated into 
the nuclear genome. This DNA is stably 
incorporated and is transmitted to prog- 
eny plants in a mendelian fashion’**. The 
direct gene transfer approach has been 
used routinely to transform animal cells; it 
is surprising that this method has not been 
more widely attempted for plant cells. 
One reason is that plant protoplasts, re- 
quired for the method, are more fragile 
and more difficult to culture than many 
animal cells. In particular, as a result of 
the trauma of isolation, plant protoplast 
DNA synthesis and mitoses are usually 


delayed for some days following isolation. 
Integration of foreign DNA may occur 
during genome DNA synthesis. so the 
introduced DNA may be degraded by 
nucleases before it can be integrated. 

In the work on gramineous protoplasts, 
Lorz and co-workers introduced DNA 
from a selectable plasmid (pBL1103-4, 
containing a selectable chimaeric gene 
with the nopaline synthetase promoter, 
the coding region of Tn5 aminoglycoside 
phosphotransferase type II gene, the poly- 
adenylation signal of the octopine syn- 
thase gene and a maize transposable ele- 
ment, Ac) into protoplasts isolated from 
suspension cultures of Triticum mono- 
coccum'. Transformed cells were selected 
and characterized by detection of amino- 
glycoside phosphotransferase II activity. 
The transformation frequency was about 
l in 5 x 10° protoplasts. The Ac element 
was included in the introduced DNA to 
study its possible activation after integra- 
tion in a cereal other than maize. 

Potrykus and colleagues’ used the same 
selectable plasmid (pABDI) that they had 
used previously to demonstrate direct 
gene transfer in tobacco. This consists of a 
chimaeric construction in which the 
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Skeletons of dwarf elephants Elephas falconeri fro 
male, top right, is 90 cm high at the withers and the juvenile, back left, is 30 cm high, 
the smallest known specimen of an elephant. The female (left) has no tusks, unlike any 
other known female elephant. Isoleucine epimerization ages suggest that this popula- 
tion is considerable older than the more robust E. mnaidriensis from Puntali cave in 
northern Scicily (Belluomini, G. and Bada, J. Geology 13, 451, 1985). The authors. 
suggest that successive waves of normal-sized continental elephants invaded Scicily 
and the subsequent isolation resulted in different degrees of dwarfism (photograph 
courtesy of University of Rome Palaeontological Museum). 
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aminoglycoside phosphotransferase gene 
of transposon Tn5 is under the control 
of promoter, terminator and initiation sig- 
nals from gene VI of cauliflower mosaic 
virus. In this case the protoplast recipients 
were obtained from suspension cultures of 
Lolium multiflorum (Italian ryegrass), 
and cell colonies resistant to antibiotic 
G418 were selected (untransformed rye- 
grass suspension protoplasts were resis- 
tant to relativity high concentrations of 
kanamycin). The active product of the 
phosphotransferase gene was found in 
these selected cells. In addition, genomic 
DNA from these lines was extracted and 
probed with the nick-translated gene by 
Southern blot analysis, and the presence 
of at least five copies per genome of the 
introduced DNA was detected, appar- 
ently without any further rearrangements. 
Thus the stable integration of a foreign 
gene into a gramineous species has been 
achieved.In this case the transformation 
frequency is about | in 4 x 10°. 

Similar methods were used in both cases 
to introduce the DNA into the proto- 
plasts. Following linearization of the plas- 
mid DNA, its introduction into the proto- 
plasts was accomplished by incubation of 
protoplasts and DNA in the presence of 
polyethylene glycol with or without excess 
carrier DNA, using procedures developed 
by Krens ef al.” who transformed dicoty- 
ledonous protoplasts directly with Ti- 
plasmids. In the work with Lolium, the 
protoplasts were also subjected to a heat- 
shock stage (45°C for 10 minutes followed 
by 10 seconds at 0°C) before undergoing 


m Spingallo cave, Scicily. The adult 


2- a Sees I 


a a yy LS ee 


$79 


NEWS ANDO EWS Ee ee 

















hye 
an 




























th’ ‘the "demonstration that stable 
sformation of gramineous species by 
ct gene transfer is possible, the pros- 
t of genetic engineering of cereal food 
ps is much closer. In principle, there 
no host range limitation because 
terium-mediated introduction is not 
ved. But systems for the isolation, 
ré and regeneration of plants from 
‘Otoplasts are required. The major prob- 
min experiments on cereals is the regen- 
tion of entire transformed plants from 
toplasts. In addition, transformation 
quencies reported so far for direct gene 
nsfer, for tobacco at least, are much 
er than those obtained by cocultiva- 
i with Agrobacterium (about 0.01 per 
compared with 10 per cent), and 
re may be multiple copies or other 
difications to the directly introduced 
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DNA’. The a ae of methods to 
increase transformation frequencies and 
of techniques to transform totipotent 
cereal cells must be the next step. In 
other words, this is now a problem of 
plant cell biology and tissue culture, 
rather than a fundamental problem of 
molecular biology. a 
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Holocene evolution of lakes 










































from F. Alayne Street-Perrott 


By using a well-chosen combination of 
palaeoecological and isotopic studies, J.- 
C. Fontes and colleagues have been able 
to trace the Holocene evolution of three 
small, closed lake basins on the borders 
of the Great Western Erg, in northern 
Sahara. Their paper, published on page 
_ 608 of this issue’, is the latest in a lineage 
that can be traced back to 1715 when, 
eleven years after he had identified ‘his’ 
comet, Edmund Halley presented to the 
Royal Society a paper “On the cause of 
the saltness of the ocean, and of the sev- 
eral lakes that emit no rivers; with a prop- 
osal, by help thereof, to discover the age 
of the world”. In this short but imagin- 
ve essay, he laid the basis for the inter- 
ation of variations in the level of closed 
; (lakes without surface outlets) in 
s of changes in climate; he also postu- 
that such lakes increased in salinity 
dans waters were concentrated 


© identified three types of ‘affluents’ 
t lake — direct precipitation, surface 
ff and groundwater; and three types 
stputs. evaporation, surface outflow 
roundwater seepage’. He contrasted 


100 years ago 

third International Congress of Geologists, 
poned last year on account of the spread of 
era in southern Europe, has just been held 
Berlin. The use of French as the language of 
discussion was no doubt one effective cause of 
silence on the part of many members who 
vould otherwise only too readily have made 
hemselves heard. Under such circumstances 
Latin races have of course a considerable 
tage over the Teutonic. 

mi Nature 32 599, 22 October 1885. 





the different inputs and outputs in terms 
of salinity and sediment load, and de- 
bated the origin of salt lakes, concluding 
that some were “formed originally by the 
universal ocean” whereas others owed 
their salinity to evaporative concentration. 

In the century and a half since Jackson's 
treatise was published, the study of lake- 
level fluctuations has become an accepted 
source of information about past climatic 
changes’. Variations in the water level of 
closed lakes can be reconstructed both 
from direct evidence (historical docu- 
ments, dated shorelines, buried soils in 
lake-sediment cores, lakeside archaeolo- 
gical sites) and indirectly, using the 
assumption that the salinity of closed lakes 
varies inversely with volume. Since many 
lacustrine organisms, notably diatoms, 
charophytes, chrysophytes, ostracodes 
and molluscs, are sensitive to salinity and 
alkalinity, fossils are often used to infer 
past hydrological changes. Supporting 
evidence can be derived from the analysis 
of stable isotopes (“O and "C) in lacus- 
trine carbonates. 

When radiocarbon dii became gen- 
erally available in the early sixties, it was 
soon apparent that the closed lakes in re- 
gions such as the Sahara had experienced 
similar histories’. By 1979, it was clear that 
lakes and swamps had expanded in many 
tropical regions north of the Equator be- 
tween 12,000 and 3.000 yr Bp (ref. 6). This 
wet phase has recently been attributed to 
an increase in monsoon rains induced by 
the early Holocene maximum of summer 
insolation that is predicted by the Milan- 
kovitch theory . 

The three Saharan basins that form the 
subject of the study by Fontes et al. are 
dry. The water table lies far below the 


basin floors, although in the past it may | 


‘posed by Jackson over 150 years ago 


have intersected the surface. The dates 

the basins obtained from the lacustrine 
period span the range 9,000 - 3.000 yrs 
BP. Significant discrepancies, however, | 
emerge when records for individual basins. _ 
are compared. Fontes er al. attribute these _ 
differences to local hydrological factors 
rather than dating problems. 

This conclusion confirms fears that the 
fine details of the Holocene climate record 
may prove hard to reconstruct from 
groundwater-fed lakes. Lakes in which 
groundwater forms a substantial propor- 
tion of the water budget tend to suffer 
from two serious defects as palaeoclimati 
indicators. First, their response to climati 
fluctuations may be damped, delayed, or 
perturbed by the sudden opening and- 
closing of underground conduits. Second, 
lengthy aquifer-residence times may 
result in the introduction of dead carbon. 
into surface waters, giving rise to anom: ae 
alously old radiocarbon dates. un 

Another important finding is that, dur: 2 
ing phases of low lake levels, the fossil” 
assemblages and isotopic values mimicked- 
marine conditions, although the sites lie. 
more than 500 km inland. The lake de- 
posits contain ‘marine’ foraminifera, dia- 
toms and molluscs, showing that great- 
caution is needed when interpreting 
evaporitic sequences in arid areas™”. One 
giveaway in this case is that individual 
beds often display a mixture of freshwater. 
and saltwater organisms. Based on the “O 
results, this situation is thought to have 
resulted from rapid evaporative concen- 
tration of seasonal or intermittent influxes 
of fresh groundwater, a situation that may 
have been common in the central and 
northern Sahara". 

The initial phase of euphoria about the 
value of lake-level fluctuations as an in- 
dicator of past climatic changes has been... 
replaced by a more cautious and critical 
mood resulting from the discovery of V 
rious complications, notable those assoc 
ated with groundwater and anthropoger 
effects. Nevertheless, the multidiscip 
ary approach adopted by Fontes et al 
holds great promise for tackling some o 
the searching questions about the hydi 
logical and chemical evolution of lak 








































over a century after Halley's paper. 
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Electrophysiology leech 
giant salivary cells 


Sin—We note that our description’ of the 
electrophysiology of leech giant salivary 
cells has been echoed by Jones er al. ina 
recent letter to Nature’. Attention has 
again been drawn to the possible ex- 
perimental utility of the cells in studying 
cellular secretion, but in spite of its title, 
the letter does not present a study of 
excitation—secretion coupling. The authors 
Suggest that it should be possible to in- 
vestigate the release of identified secre- 
tions from each of the five types of salivary 
cell, in the way that serotonin release from 
the giant cerebral neurones of Aplysia has 
been studied’. 

Although the lack of electrical coupling 
between the salivary cells facilitates study 
of their membrane properties, a number 
of problems confront an investigation of 
the release of identified secretions at the 
level of the single gland cell. Since no aci- 
nar or duct structure is present, it seems 
likely that the various secretions are 
formed entirely by exocytosis, without an 
accompanying volume of solvent. The col- 
lection and assay of such small volumes of 
concentrated product from a single cell 
will require both the site of discharge and 
biochemical nature of the secretion to be 
known while electrical activity is moni- 
tored. However, unlike identified 
neurones in invertebrate ganglia, the histo- 
chemical types of salivary cell do not 
appear to be identifiable either on the 
basis of stereotyped position and size of 
their cell bodies within the gland, or by 
characteristic forms of the action poten- 
tial. As an alternative to biochemical 
assay of the product, direct observation of 
secretory events at the ductule terminal of 
a single cell is a tantalizing possibility. 

Using immunohistochemical methods, 
we have observed paired nerve fibres with 
a positive reaction to anti-serotonin anti- 
body originating at the sub-oesophageal 
ganglion and running along the length of 
the proboscis sheath to enter the anterior 
Salivary glands at the proboscis base. 
These axons have multiple branching 
points and conspicuous varicosities, and 
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are likely to be the stomatogastric nerves’. 
Although we have not resolved contacts 
with individual salivary cells, neuronal 
serotonin is clearly present in their vicin- 
ity, and is probably one of the natural 
stimuli for excitation, as suggested in the 
recent letter. 

The establishment by Sawyer of a facil- 
ity for breeding Haementeria is greatly to 
be welcomed, and should allow develop- 
ment of the potential of the salivary gland 
system, which by now has been very amply 
stated. 

CAMERON G. MARSHALL 
Department of Pharmacology, 
University College London, 
Gower Street, 
London WCIE 6BT, UK 

CHARLES M. LENT 

Division of Biology & Medicine, 
Brown University, 
Providence, 
Rhode island 02912, USA 
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An avian water-repellent 
proposed 


Sır—Bird droppings recently fell onto the 
roof of my car and overnight there was a 
very heavy downfall of rain. In the morn- 
ing, I noticed that although the roof of the 
car was covered by rain droplets, an area 
of about nine inches radius around the 
bird droppings was completely dry. 

As the photograph shows, the appear- 
ances resemble the inhibitory zone seen 
on bacterial plates around antibiotic im- 
pregnated disks. 

It is possible, therefore, that birds have 
in their bodies a substance with powerful 
water-repellent properties and that some 
of the excess of this is excreted in their 
faeces. 

L. ROODYN 
Hospital for Tropical Diseases, 
4 St Pancras Road, 
London NW1 OPE, UK 
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Symmetry-coded cells in 


the visual cortex? 


Sır—In their comment’ concerning our 
recent findings on compound grating 
discrimination’, Livingstone and Hubel 
argued against the Fourier-analysis theory 
of cortical function and proposed an ex- 


planation of our data in terms of known 


receptive field properties of cortical cells. 
We believe that their interpretation is con- 
sistent with what we were saying, but that 
our results are not fully covered by current 
physiological knowledge. Thus we suggest 
that it would be useful to investigate 
whether “symmetry-opponent” cells exist 
in visual cortex. Such neurones might con- 
stitute the missing link in Livingstone and 
Hubel’s physiological interpretation of 
our psychophysical observations. Alter- 
natively, new concepts to explain visual 
pattern analysis need to be considered, 
Descriptions of the stimuli themselves 
do not explain vision. This has been 
pointed out by Watt’ in his commentary 
on our study. In this sense we used Fourier 
terminology for precisely characterizing 
our stimulus patterns, but we did not imp- 
ly that a multi-channel model of spatial 
frequency analysis is adequate for explain- 
ing early visual processing in pattern dis- 
crimination. Rather, our experimental re- 
sults led us to conclude that compound 
grating discrimination can neither be re- 
lated to narrow-band spatial frequency 
channels nor to the visual encoding of spa- 
tial phase. With these two assumptions 
being rejected, there was little left to sup- 
port a global Fourier-analysis theory of 
compound grating discrimination. This is 
why we suggested that both non-mirror- 
image and mirror-image grating pairs are 
distinguished with respect to specific 
aspects of grating luminance profiles. 
Without referring to known receptive 
field properties of cortical cells, we have 
also indicated how the two processes of 
grating discrimination proposed could be 
related to receptive field sensitivities. 
Several observations are supportive of 
Livingstone and Hubel’s physiological in- 
terpretation of our findings. First, when 
mirror-image grating pairs were com- 
pared in extrafoveal vision the darker 
stripes were as clearly seen as in foveal 
vision. But discrimination of the pairs was 
impossible because the darker stripes 
lacked a precise positional relationship 
with their background. To the present au- 
thor as a subject, these stripes appeared 
floating on the coarser gray striation. 
Livingstone and Hubel explain why visual 
resolution (as well as grating contrast 
sensitivity’) may be less reduced in 
peripheral vision than the processing of 
positional information. The apparent 
qualitative difference in handling form 
foveally and peripherally (our interpreta- 
tion) could well result from such a differ- 
ence in rates of deterioration with eccen- 
tricity. Second, further support for a re- 















































a ing discrimination — that perform- 
ince is independent of the number of grat- 
ng cycles exposed (I.R., M. Hübner and 
Caelli, manuscript in preparation). 
jat is, the underlying mechanism is 
trictly local. Third, the position of our 
Stimulus patterns varied randomly be- 


echanism at issue should have the very 
perty in terms of which Hubel and 
iesel characterized cortical complex 
lis: the loss of (absolute) spatial localiza- 
conveyed by simple cells. 
yhile we agree with Livingstone and 
ubel that the difficulty in discriminating 
r-image patterns is related to spatial 
lization, it is not apparent how a cor- 
al cell of known receptive field prop- 
es may distinguish between mirror- 
age grating bars. A class of symmetry- 
opponent cells would need to be found to 
plain how the relative position of the 
darker stripes with respect to the back- 
_ ground striation is encoded. Such units are 
expected to give on- or off-responses to 
bars with skew luminance profiles (or to 
edges), depending on whether the lumi- 
nance peak is on the one or on the other 
side of the bars. When bars with symmet- 
nic luminance profiles were shown, the 
„cells should give little or no response. We 
_féel that the existence of such mechanisms 
for breaking spatial pattern symmetries 
-would be indispensable for understanding 
_the quality of form at the level of single 
unit responses. Otherwise, the idea of 
“neural template matching would seem in- 
sufficient and relational concepts of visual 
pattern analysis’ should be considered. 
Ics obvious that symmetry-opponent 
sells. would be functionally analogous to 
-olour-opponent. cells. While the first 
ould encode the relative position of 
aks (or troughs) within a spatial lumi- 
ce distribution, the latter recover in- 
nation on how the spectral energy is 
buted within the wavelength do- 
n. Whether or not such an analogy 
ween the visual analysis of form and 
juris more than pure speculation has 
be established by physiological re- 
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he ‘immunology of host- 
tumour relationships 


i Sr—In their helpful review of the impact 
of molecular biology on our understand- 
-ing of the development of tumours, 
gorge and Eva Klein say inter alia that 





re ‘recent observation on 1 mirror-image | 


‘een presentations. Thus the neural. 





when cellular oncogenes are activated by. 


non-viral mechanisms “the transforming 
oncogene products are either normal or 
only slightly modified cellular proteins” 
and “it is difficult to see how they could 
provide a rejection target for the immune 
system” 

Yes, indeed, but they omit to say 
— and the omission may mislead readers 
less well informed on these matters than 
the Kleins — that there may be asociated 
phenotypic changes, and that these may 


include the expression of what George . 


Klein himself has called “tumour associ- 
ated antigens with a rejection inducing 
potential in the autochthonous host 
(TAARIPAH)”. This, it would seem, is 
the explanation of the high immunogenic- 
ity of many chemically-induced animal 
tumours. Whether tumours which de- 
velop in animals or humans as the result of 
exposure to environmental carcinogens 
will also be immunogenic depends partly 
on the properties of the carcinogen and 
partly on the pattern of exposure; in 
general, it seems that a single large dose, 
such as is commonly used experimentally, 
is much more likely to induce an im- 
munogenic tumour than chronic exposure 
to small doses of the same or similar 
agents, which is what happens in many 
animals or patients who develop so-called 
spontaneous tumour. 

MicHaEL WOODRUFF 
MRC Clinical and Population 

Cytogenetics Unit, 

Western General Hospital, 
Crewe Road, 
Edinburgh, UK 


Lo Klein, G. & Klein. E. Nature 345, 190-195 (1985), 


KLEIN AND KLEIN REPLY—~Woodruff’s - 


points are very well taken. We wish we 
could relate the rejection-inducing anti- 
gens of the chemically induced rodent 
tumours to the oncogene field. The fact is, 
however, that more than 25 years after 
their discovery, the nature of these re- 
markable antigens is still unknown. We 
find essentially nothing new on the subject 
since we last reviewed it in 1977 (Proc. 
natn. Acad. Sci. U.S.A. 74, 2121-2125). 
One of the important facts mentioned 
by Woodruff, the difference in the im- 
munogenicity of tumours induced by 
strong versus weak carcinogens, probably 
relates to the latency period prior to 
tumour development. As shown by Old, 
Prehn, Baldwin and others, im- 
munogenicity is inversely related to the 


latency period even within a group of 
tumours induced by the same carcinogen. 
in the same inbred strain. This is probably 


due to immunoselection. Highly antigenic 


tumours can only develop if they outpace 


the immune response. With the passage of 
time, low or non-antigenic. tumours would 
have a selective advantage and therefore 


dominate the picture. As Woodruff points 


out. the latter is a better model of tumour 


development after the exposure of bu- 
mans to environmental carcinogens than 








carcinogens. : ae 
Nevertheless, the molecular basis ofthe — 
highly specific, individually distinct anti- 
genicity of chemically induced rodent 
tumours is of the greatest interest. In view 
of our present ignorance, speculations 
may range from specific interactions of the 
carcinogen with certain hot spots of the 
genome, coding for crucially important 
surface moieties, perhaps related to the 
major histocompatibility complex 
(MHC), to phenotypic changes due to- 
activated oncogenes: as Woodruff a i 
gests. ni 
In the latter context, hé effect of the 
mutation-activated products of the ras 
oncogene family are of particular interest. 
We have previously argued that immune ©. 
surveillance against potentially neoplastic... 
clones is most efficient in cases where the 
host species has been preselected to antici» - 
pate a large number of transformants with 
the same or similar antigenic changes: 
This is best exemplified by the virtually 
watertight surveillance of mice against 
polyoma induced tumours or of humans 
against Epstein-Barr virus (EBV) trans- 
formed lymphocytes. Although the nature — 
of the target antigens has still not been 
clarified, it is noteworthy that products of 
the viral genome like polyoma virus MT or 
the LT-3 protein of EBV, the most likely = 
candidate targets of the surveillance reac- 
tion, are associated with the inside, or the © 
lipid bilayer of the plasma membrane, 
rather than the outside. They cause 
changes in the cell membrane that readily ~ 
evoke a T-cell mediated, rejection geared Š 
response, with avoidance of suppression, 
but do not, or only with great difficulty, 
induce the formation of serum antibodies, 
As Weinberg repeatedly emphasized, 
tumorigenic activation of the raso. 
oncogenes cannot by itself lead to tumour- 
development in vivo, since its consequ- 
ences would be lethal for most membersof - 
the species at an early stage. This may not 
happen because of the multi-step evoh 
tion of tumours, as discussed in our T 
view, that is, the need for additional gen 
tic changes. Since the p21 ras protein- 
associated with the inner plasma men 
brane, it is also conceivable, howi 
that the host immune system may reco 
nize a mutation-altered ras product, pari 
cularly if it would influence the expres 
ion, presentation, or specificity of MHC 
products. 
In view of the frequent mutations of the 
ras genes, a similar “?mmunological ant 
cipation” may exist as in the viral tumou 
This possibility could be readily explo 
by transfecting non-immunoge 
tumours with appropriate rascar ying 
constructs. 


















GEORGE Kinin, - 
Eva KLEN 
Department of Tumour Biology, _ 
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Volume 15 concentrates onthe Squamata (lizards and snakes) and 
includes reproductive patterns, caudal autotomy and regener- 
ation, limb development and reduction, the development of 
reproductive patterns, parthogenesis, viviparity and placentation. 


Contents: Embryology of the Squamata; Comparative Data on 
~Lepidosaurian Reproduction and Some Time Tables for their 





AMINO ACID METABOLISM, Second 
Edition 

by D.A. Bender, Cortauld Institute of Biochemistry, The 
‘Middlesex Hospital Medical School, London 


Bridging the gap between the relatively brief treatment of amino 
-acid- metabolism in most undergraduate textbooks of biochem- 
istry and the detailed treatment in reference texts and specialist 
“reviews, this book disusses the general metabolism of amino acids 
and other nitrogenous compounds and the detailed metabolism 
“of individual amino acids with special reference to problems of 
“human nutrition, medical biochemistry and disease, Metabolic 
“pathways occuring in plant and microorganisms are also 
discussed. The successful first edition has now been substantially 
revised and rewritten and the literature reviewed up to mid-1984. 
Additionally, a more extensive bibliography has been prepared to 
guide the reader through the increased number of review articles 
and key original papers. 

0471 90668 9 276pp 


ADVANCES IN ENZYMOLOGY AND 
RELATED AREAS OF MOLECULAR 
BIOLOGY, Volume 57 


by A. Meister, Cornell University, Medical College 


August’85 £24.00 


This .is.a continuing authoritative series reviewing research into 
enzymology and related areas of molecular biology. 


_ Series: Advances in Enzymology and Related Areas of 
Molecular Biology, Volume 57 


Contents: The Design and Properties of N-Carboxyalkylpeptide 
inhibitors and Angiotensin Converting Enzyme; Peroxisomal 
~ Oxidases and Suggestions for the Mechanism of Action of Insulin 
and Other Hormones; Immobilization of Enzymes: An Approach 
to Fundamental Studies in Biochemistry; Nitragen-13 as a 
- Biochemical Tracer; The lsoenzymes of Glutathione Transferase; 
Author, Subject and Cumulative Indexes. 


047189011 1 522pp October’85 


MEMBRANE TRANSPORT IN PLANTS 


edited by W.J. Cram, School of Biological Sciences, University of 
Sydney, New South Wales, Australia, K. Janacek, Institute of 
Microbiology, R. Rybova, Laboratory for Cell Membrane 
_ Transport, and K. Sigler, Czechoslovak Academy of Sciences, 
Prague, Czechoslovakia 


£56.25 


Presents proceedings of an international symposium, the 6th ina 
“series which have been taking place internationally since 1968. 
Papers by prominent lecturers are grouped together with short 
-abstracts of related poster sessions in 9 main sections, which 
“together represent the most recent advances in plant transport 
- studies. Although the book is not suitable as a text, it provides a 
useful auxiliary source of information for teachers of experi- 
mental botany, biophysics and plant physiology. 


0471 90467 8 592pp August’84 £22.50 
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Stages; Development of Limbs and Embryonic Limb Reduction; 

Embryonic Development of the Genital System; Autotomy and 
Regeneration; Parthenogenesis in Reptiles; Reptilian Placenta- 
tion and Gestation: Structure, Function and Endocrine Controli 
The Evolution of Viviparity in Reptiles: An Ecological Analysis... 


0471 812048 7449p October’85 £81.80 - 











































BIOCHEMICAL PHARMACOLOGY AND — 


TOXICOLOGY, Volume I: Methodological 
Aspects of Drug Metabolizing Enzymes 


edited by D. Zakim, Cornell University Medical College, New 
York and D.A. Vessey, Veterans Administration Medical Center, 
San Francisco, California 


A collection of authoritative reviews on membrane-bound and- 
soluble-fraction epoxide hydrolases: preparation and character- 
zation of sulfotransferases; methods of characterizing the 
function of VDP;Glucurotransferases; mitochondrial monarmine. 
oxidase; measurement of cytochrome P-450; preparation and 
characterization of glutathione $-transferases. 


0471 86793 4 386pp October’85 £66.50 | 
SPECTROSCOPY OF BIOLOGICAL 
MOLECULES 


Proceedings of the First European Conference on the 
Spectroscopy of Biological Molecules, Reims, France 1985 


edited by AJP. Alix and i. Bernard, both of Laboratoire de 
Recherches Optiques, Faculte des Sciences, Universite de Reims, 
France and M. Manfait, Laboratoire de Spectroscopie 
Biomoleculaire, Faculte de Pharmacie, Universite de Reims, 
France 


Since vibrational spectroscopy was first used for the study of 
biological molecules in the 1960s, research activity in the 
application of Raman and infrared spectroscopy to this area has - 
increased. As a result of this, a biennial European meeting, to 
attract international researchers was initiated. These proceedings 
of the first such conference report a wide range of work from 
many different laboratories. The contents include invited papers 
as well as those research papers presented. The broad range of 
subject applications included mirrors the rapidly expanding and 
diverse nature of the research using the technique. 


0471 90883 5 490 pages September’85 £28.00 


PEST AND PATHOGEN CONTROL: Strategic, 
Tactical and Policy Models 


edited by G.R. Conway, Centre for Environmental Technology, 
imperial College of Science and Technology, London 


This contributed book applies mathematical models and systems. 
analysis techniques to the study of insect pests, plant pathogens 
and human diseases. The research programmes of over 40 
scientists from all over the world are compared and contrasted in 
detail to provide a state-of-the-art review on how such modeling 
can increase the effectiveness of more traditional ecological, 
biological and chemical control methods. This is the first time 
such a synthesis has been attempted, and arises in part from a. 
conference hosted by the international Institute for Applied ~ 
Systems Analysis, Laxenburg, Austria. 


The Wiley HASA International Series on Applied System 
Analysis, Number 13 
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Introduction to 
Neurochemistry 
by F. Hucho 


- 4985. In preparation. 
Approximately DM 68.-/US $ 30.20. 


ISBN 3-527-25989-9 


This textbook describes the molecular 


- -< basis of the functions of the nervous 


system. R provides information about 


all important topics of neurochemical 


research, such as vision, membrane 

structure and function, electrical prop- 

erties of nerve celis, synapses and re- 

ceptors, development, plasticity and 
learning. 


Cholecystokinin (CCK) 
in the Nervous System 


Current Developments in 
- Neuropeptide Research 


edited by J. de Belleroche 
and G. J. Dockray 


Ellis Horwood Health Science Series 


1984, 132: pages. Hardcover. 
DM 76.-/US $ 33.80. 
ISBN 3-527-26223-7 


This book reviews current research on 
cholecystokinin (COCK), which is one of 
the most abundant peptides in the 
mammalian brain. The articles present- 
ed give a comprehensive view of 
- CK's proven and assumed activities 
in the nervous system. 


Pharmacology of 
Benzodiazepines 

- edited by E. Usdin, Ph. Skolnick, 

dJ. F. Tallmann dr., D. Greenblatt and 
St. M. Paul 


1983. XVI, 670 pages with 129 figures 
and 109 tables. Hardcover. 

OM 182.~/US $ 91.00. 

ISBN 3-527- 26126-5 

Research in recent years has led to a 
wealth of information about the mecha- 
_ nisms by which benzodiazepines act. 
The 57 contributions compiled in this 
book summarize the studies in this 
_ field. They suggest new approaches in 
o psycho-pharmecology and contribute 
_ to our understanding of the nervous 

system. 


Basic Neurology 
by D. G. Perkin 


1985. In preparation. 

ISBN 3-527-15228-8 

This is a basic textbook of neurology. 
The opening section discusses the his- 
tory of the subject and methods of 
neurciogical examination. This is 
followed by chapters which present 
neurological diseases and their symp- 
toms. A discussion of the interrela- 
tionships between neurology and other 
medical disciplines completes the 
book. 


Molecular Aspects of 
Anti-cancer Drug Action 


edited by St. Neidle and 
M. J. Waring 


Series: Topics in Molecular and 
Structural Biology, Vol. 3. 


1983. X, 404 pages with 104 figures 
and 22 tables. Hardcover. DM 195.~/ 
US $ 97.50. ISBN 3-527-26133-8 


This book presents the latest results of 
research on molecular interactions be- 
tween anti-cancer agents and their re- 
ceptors. Attention is focussed primarily 
on the action of anti-tumor substances 
on DNA. In addition, detailed descrip- 
tions of other receptor systems are 
given. 


Purines 


Pharmacology and Physiological 
Roles 

edited by T. W. Stone 

1985. Approximately 304 pages 
and 200 figures. Hardcover. 

DM 110.~-/US $ 47.50. 

ISBN 3-527-26326-8 


As exogenous (drugs) or endogenous 
substances purines play an active role 
in the body's nervous system, The 25 
articies of this book offer a comprehen- 
sive view of recent research in this 
area. They present results on the struc- 
tures of adenosine receptors in the 
central nervous system and in periph- 
eral tissues, on the pharmacological ef- 
fects of purines in the nervous system, 
on the possibilities of a modulation of 
adenylate cyclase and on the effects of 
purines on cell growth and differentia- 
tion. 


Sk T a) obtain. these. books please contact your local bookseller or: 


E ACH Vert agsgeselischaft, P.O. Box 1260/1280, D-6940 Weinheim, Federal Republic of Germany 
E VCH Verlags-AG, P.O. Box 151, CH-4106 Therwil (for Switzerland only) 


Pharmacology of 
Adrenoceptors — 

edited by E. Szabadi, 

C. M. Bradshaw and R. Nahorski 
1985. Approximately 320 pages and 
200 figures. Hardcover. 

DM 125.~/US $ 50.00. 

ISBN 3-527-26327-6 


Adrenoceptors are the site of action of 
an important group of chemicals, either 
taken as drugs or produced as hormo- 
nes within the body. This volume ex- 
amines recent developments in the 
pharmacology of adrenoceptors. It 
describes all important research: pro- 
jects and allows a took to the future of 
this rapidly developing field. 


Bacterial Endotoxin 


Chemical, Biological and 
Clinical Aspects 


edited by J. Y. Homma, 
S. Kanegazaki, O. Lüderitz, T. Shiba 
and O: Westphal 


1984, IX, 420 pages with 157 figures 
and 110 tables. Hardcover. DM 118.-/ 
US $ 52.50. . 

ISBN 3-527-20164-8 

This book describes the state of the art 
in chemical, biological, and clinical en- 
dotoxin research. Papers treat the rela- 
tionship between structures and bio- 
logical activities of the endotoxic com- 
piex, and report about the problems in 
obtaining .a standard preparation for 
the quantitation. ` 

With regard to clinical. investigations, — 
the reader is informed about endogen- 
ous mediators induced. by endotoxin, : 
about problems of endotoxemia and 
about the action of endotoxin on 
tumors. 


$ VCH Publishers. 303 N.W. 12th Avenue, Deerfield Beach FL 33442-1705 (for the USA and Canada only) 
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Open Questions 


nal understanding of nature? And, if that 
he case, what exactly is it that we will 
n understand? 
In the past decade there has been a 
_ tesurgence of interest in these questions, 
-stimulated largely by a 1965 paper of John 
_ Bell. Yet the current ferment has strong 
roots in the first third of this century, when 
every physics conference was on the 
_ foundations of quantum theory. The his- 
_ toric fifth Solvay conference in 1927, rep- 
_ resenting the peak of that activity, solidi- 
fied the formalism and interpretation of 
-quantum theory. But that conference also 
_ saw Einstein criticize quantum theory as 
an incomplete description of reality, and 
heard de Broglie present his “pilot-wave” 
theory, which was to him a more complete 
description of reality. 
While both Einstein’s criticism and de 
Broglie’s alternative were and are dismis- 
sed by most physicists, these ideas are by 
no means dead, as the proceedings of this 
conference, held in the physics depart- 
-ment of Bari University in 1983, show. 
-Fhe first four-tenths of the articles are 
‘devoted to examining the legacy of Ein- 
“stein’s criticism. A similar number of arti- 
„Cles then consider substitutes for quantum 
‘theory, which have so far not strayed 
much beyond de Broglie’s original vision. 
The remainder of the contributions dis- 
cuss interference experiments, whose in- 
clusion L. Mandel justifies by the remark, 
“Interference, whether of photons or 
material particles, tends to violate some of 
our intuitive notions of physical reality”. 
This, too, is in keeping with tradition, for 
W.L. Bragg and A. H. Compton spoke on 
experiments with electromagnetic radia- 
tion at the fifth Solvay conference. 
. From the 1930s until about ten years 
ago, physicists interested in the founda- 
tions of quantum theory were hard put to 





find conferences to go to and people of- 


like interests to talk with. The overwhelm- 
ing majority of physicists were, and still 
‘are, mining that seemingly inexhaustible 
lode of phenomena laid bare by quantum 
theory. However, in the past few years 






there has been a respectable average of - 


about two conferences a year on found- 
ational questions. The present conference 


is perhaps typical, both with regard to con- | 
tent and to the wide range of clarity, — 














ority and idiosyncracy to be found in 
5 invited papers. 

‘he antecedent of this renewed activity 
s the 1935 paper of Einstein, Podolsky 
1. Rosen (EPR) entitled “Can 
Quantum-Mechanical Description of 
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in Quantum Physics. Edited by G. Tarozzi and A. van der Merwe. 
Reidel: 1985. Pp.426. Dfl.160, $59, £40.75. 
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quantum theory going to provide our , 





| physical system, describable by quantum 


measurement of the position of, say, the 
left-particle, permits one to know the 
position of the right-particle, and likewise 
for a velocity measurement. They argued 
that the right-particle cannot be influ- 
enced by a left-measurement (whichever 
measurement, position or velocity) be- 
cause it is too far away. Therefore the 
right-particle has to possess both position 
and velocity simultaneously as “real” 
properties. But quantum theory is not a 
description which allots simultaneously a 
value of position and a value of velocity to 
a particle — indeed, the Heisenberg un- 
certainty principle forbids this. Therefore, 
concluded EPR, quantum theory is in- 
complete: there ought to be a deeper 
theory which allows simultaneous position 
and velocity to a particle in such a situa- 
tion. 

A classical analogue of this is two balls 
bowled simultaneously in opposite direc- 
tions, to right and left, with equal speeds 
from a known location. A person on the 
left who knows this and who observes the 
position or velocity of the left-ball can im- 
mediately deduce the position or velocity 
of the right-ball. Of course, in this exam- 
ple the right-ball does possess simul- 
taneously both position and velocity, and 
that was EPR’s point: a model such as this 
ought to be constructible. 

Bohr’s answer to this criticism, that pos- 
ition and velocity cannot be thought of as 


ticle because they are rather properties of 
incompatible experimental arrangements, 
did not convince Einstein and others that 


mathematically simpler version of the 
EPR experiment which David Bohm cre- 
ated for his 1951 textbook Quantum The- 
ory. Again, there are two particles far re- 
moved from each other, but the measure- 
ments are of spin projections in different 
| directions and not of position and velo- 
city. Bell showed that, if EPR were right 
about the existence of a deeper model 
whose predictions agree with those of 
quantum theory in this case, then the 
model must necessarily have the two parti- 
cles interacting instantaneously with each 








_of quantum theory that Einstein called for 


| nature in this situation. The affirmat 
Physical Reality be Considered Com- 
plete?”. In that paper EPR considered a | 


theory. consisting of two particles, far- 
removed from each other such that a 


_ papers over the past two decades, aflowof _ 


| apart may not be separated, according to 


simultaneously real properties of a par- 


they were wrong. It remained for Bell to- 
give a jarring response. Bell considered a 


_ discovered by Bohm in 1952. In this mod- 


dinger equation may be written as two. 
_ equations, one being essentially Newton's: 
_ Second law of motion for the particle (the 
other, no matter how large the distance | 
between them (this is called “non-— 
locality”). In other words, the completion | | é l par mos 
| | peculiar, at least by Newtonian standards, - 








appears to require action-at-a-distanc 
violation of Einstein's own relati 
theory. No wonder Bell wrote that th 
was “a resolution Einstein would ha 
liked least”. 

Bell's result has led to a series of exper 
ments to check whether the prediction: 
quantum theory are actually fulfilled 


















answer, most recently given by the exp 
ments of A. Aspect and co-workers, le 
one of the contributors to the volumi 
E: Santos, to delare that = 


. .. there are three possibilities: rejecting rea 
ism, rejecting locality, or searching for- 
loophole in the interpretation of the exper 
ments. Here, realism means the belief that 
material systems have properties that are inde- 
pendent of whether these are measured or not. 
In my opinion, this is the last thing one should 
abandon. 




























Now, Bohr is regarded as having re- 
jected realism. As no spokesman for the 
Copenhagen interpretation seems to _ 
appear at conferences such as this, what: 
are discussed are experiment, locality and _ 
anything else that ingenuity suggests may. 
make Bell’s result palatable. Some exam- _ 
ples: in the experimental realm, T. W. 
Marshall et al. believe they have found — 
some “loopholes” and J. Six believes he | 
has closed some. On the locality front, K. — 
Kraus, in a very lucid paper, criticizes as. 
inconclusive some arguments of H. Stapp _ 
and W. Rietdijk that quantum theory it- 
self (not a Bell model) is nonlocal. oS 

As for ingenuity, Bell’s result has led to 
the appearance of a spate of theoretical — 























different points of view that amazingly _ 
shows no sign of slowing, as this book 
attests. Thus D. Aerts tells us “that quan- 
tum mechanics cannot describe separated 
physical systems and that this incapacity is _ 
at the origin of the EPR paradox”, and we 
discover that two particles which are far 













Aerts’s thoughtful analysis. K. R. Popper 
declares “. . . there is no EPR paradox; = 
what is paradoxical is only the Copen- 
hagen interpretation”. T. D. Angelidis: 
believes he has shown that Bell’s conclu-: 
sion is unwarranted because there is a- 
much larger class of models than Bell con- 
sidered. And so it goes on. : 

The second major theme of this confer- 
ence is the development of models that in’ 
some way “explain” quantum theory. de 
Broglie’s model was abandoned by him 
because of its discouraging reception at 
the fifth Solvay conference, but it was re-. 




















el, a particle is a decent, classical, point- 
like object. Bohm showed that the Schré- 















other one describes the conservation of a 
large number of such particles). However, _ 
the force on an individual particle is most 
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for it “depends in a nonlocal manner on all 
the other trajectories which it [the parti- 
cle] may have taken” (T. W. Marshall, in 
criticizing Bohm’s theory). It is the magni- 
tude of the quantum wavefunction that 
exerts this force, “piloting” the particle in 
an erratic trajectory. 

Bell's result has provoked renewed in- 
terest in this model, because it is an expli- 
cit example of the nonlocality deemed 
necessary to give the predictions of quan- 
tum theory. The nonlocal force, which 
used to be considered a Defect, has be- 
come a Virtue. A delightful review of the 
set of ideas accompanying this model, 
together with computer pictures of the 
nonlocal potential and individual particle 
trajectories in various physical situations, 
is given by B. J. Hiley, a colleague of 
Bohm. Among three attempts at relativis- 
tic generalizations is P. Guéret’s replace- 
ment of the point particle by an extended 
object, a soliton, in the spirit of de 
Broglie’s “double-solution” theory, the 
original motivation for his 1927 
pilot-wave model. 

Surprising to me is the omission from 
this collection of an article on E. Nelson's 
1966 stochastic model, which I regard as 
being at least as interesting as the de 
Broglie-Bohm model. By considering 
that a particle undergoes a peculiar kind of 
time-symmetric random walk, Nelson is 
able to arrive at the Schrédinger equation. 
Included, however, is an article by E. San- 
tos on stochastic electrodynamics which 
starts with a purely classical picture of a 
particle immersed in a randomly fluctuat- 
ing electromagnetic environment, and 
then attempts (unsuccessfully, so far) to 
drag the Schrédinger equation out of it. 

The last few papers in the book deal 
with experiment. Two of them discuss 
ways one might detect a de Broglie-Bohm 
“empty” pilot-wavepacket containing no 
particle, A. Garuccio’s being quite brief. 

I have saved for last the three articles 
which are based solely on quantum 
theory. M. Cini presents a beautiful model 
of a quantum measurement. L. Mandel 
gives a brief but lucid description and ex- 
planation of optical interference experi- 
ments, including interference of two sepa- 
rate lasers. And H. Rauch carefully 
discusses some of the amazing neutron 
interference experiments which “. . . pro- 
vide a unique tool for the realization of 
quantum mechanical textbook experi- 
ments on a macroscopic scale . . .”. The 
authority of such work, based upon the 
solidly established formalism of quantum 
theory, when compared to the questing 
nature of the rest of the articles, recalls the 
prognostication of Einstein that, although 
the “statistical quantum theory” (as he in- 
sisted on calling it) would eventually be 
replaced by a more complete theory, “. . . 
the path will be lengthy and difficult”. C 


Philip Pearle is Chairman of the Department of 
Physics, Hamilton College, Clinton, New Yor 
13323, USA. 


BOOK REVIEWS 
Heavy-weight renal 
regulations 
J.F. Lamb 





The Kidney: Physiology and Pathophysi- 
ology, Vols 1 and 2. Edited by Donald W. 
Seldin and Gerhard Giebisch. Raven: 
1985. Pp. 2,273. $289.50. 





THese two books are a comprehensive 
account of the current state of renal phy- 
siology, “conceived broadly as the study 
of those processes by which the kidney 
maintains the volume and composition of 
the body in the face of physiologic de- 
mands and pathologic disturbances”. 

The text is organized into four sections, 
the first of which deals with the general 
principles of electrolyte regulation, with 
main divisions into the organization of the 
body fluid compartments and solute- 
solvent transport. Section II is on the 
organization of the kidney, both structural 
and functional, and includes (perhaps 
rather perversely, for regulation in the 
kidney is in the next section) description 
of the renal regulation of certain extra- 
renal functions such as blood pressure. 
Section III gives a detailed account of the 
exchanges and regulation of water and the 
common electrolytes such as sodium and 
chloride, potassium, and so on, the trace 
elements, proteins and other macro- 
molecules, both in normal and abnormal 
states. Section IV deals with renal failure 
and pharmacology. 

Most of the chapters are quite short 
with a welcome use of explanatory dia- 
grams and straightforward description of 
the problems in that particular area. Many 
have a fairly detailed, though not usually 
overlong, account of the history of the 
subject concerned; this does help to intro- 
duce it and puts present views into pers- 
pective. For example, it is pleasant to see 
the book start with Walser’s model for the 
overall control of electrolytes and water 
excretion. Although this topic is discussed 
in mathematical terms, it is based on the 
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idea of considering the body as a bucket 
with a hole in its side: the fluid level at the 
hole represents the zero point at which 
renal excretion is negligible, while levels 
above this drive excretion proportionally; 
inputs enter through the open top of the 
bucket. This simple model seems to fit the 
available data better than others and 
should be useful as a “mental picture” in 
designing tests of the process and for 
teaching. The succeeding chapters make 
equally rewarding reading, both for spe- 
cialists and for the generalist. 

Books such as these are a compromise 
between allowing experts the freedom to 
write endlessly on their pet subjects and 
keeping the length and complexity of the 
final text to a reasonable size. The editors 
have, I think, struck a reasonable balance 
between these conflicting requirements. 
This has been achieved, partly at least, by 
careful selection of the contributors who 
seem to have been chosen both for their 
ability to communicate the material as 
well as for their knowledge. The standard 
of production is high, with clear illustra- 
tions and (as far as I could see) few 
mistakes. The authors provide adequate 
cross-references to other sections of the 
books, and there is not much obvious du- 
plication of material (though I did notice 
two near-identical tables — No. 2 on p.366 
and No. 4 on p.415). Such extensive 
coverage of the subject has some penal- 
ties, mainly in the weight of each volume 
(over 8lb); for the not inconsiderable 
price, the publishers might have included 
a pair of book rests. 

Overall, this is an excellent work, well 
deserving a place in departmental libraries 
where it will be consulted for information 
not only on the kidney but also on trans- 
port processes, current views on blood 
pressure regulation and much more be- 
sides. It should suit more senior students, 
postgraduates and research workers who 
wish to keep abreast of developments in 
these areas. 





J.F. Lamb is Professor in the Department o 
Physiology and Pharmacology, University of St 
Andrews, Bute Medical Buildings, St Andrews, 
Fife KY16 9TS, UK. 





Female humpback whale with calf. The picture is taken from Wings in the Sea: The Humpback 
Whale by Lois King Winn and Howard E. Winn. Publisher is University Press of New England, 
price is hbk $25, £23; pbk $15.95, £15.30. 
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-Bic b books. especially if written by Har- 


ween their oversized spines. The Growth 
f Biological Thought was not the first 
eavy tome written by Ernst Mayr, nor 
last he promises. His Systematics and 


J years ago, and the present volume is the 


vof Mayr’s favourite subject, biology. It 
deals with what Mayr calls “ultimate” 
“biology, essentially the causes and con- 
Sequences of evolutionary processes. The 
companion volume will chart the biology 
‘of “proximate” (functional) causations, 
that is physiology, embryology and neuro- 
biology. | 
“Appropriately enough, the hardback 
edition of The Growth of Biological 
-Thought appeared in 1982, the centenary 
of Charles Darwin's death. It was a pub- 
lishing triumph, well-produced, reason- 
ably priced and widely reviewed, not 
simply in scientific journals but in several 
newspapers (New York Times, Washing- 
ton Post), literary publications (New York 
‘Review of Books) and general high-brow 
magazines (The New Yorker). Steady 
paperback sales are undoubtedly antici- 
pated and it will probably remain in print 
for years. Although it now has a substan- 
tial rivalin Peter Bowler’s Evolution: The 
History of an Idea, published by the Uni- 
versity of California Press in 1984, it can 
be predicted that, for the foreseeable 
future, Mayr’s book will be cited as the 
definitive history of evolutionary thought. 
“This is an extraordinary epic work in 
which Mayr once again shows himself a 
master of detail, interpretation, and 
synthesis”, wrote the reviewer in Science. 
Others described it as solid, vast, awe- 
inspiring, breathtaking, a 
achievement, an encyclopaedic tour de 
force, a great book. 
č We can agree that it richly deserves all 
these epithets and yet still find in the 
volume (as pointed out in a minority of 
Jess favourable reviews) other, two-edged 
features. Before looking at these, let- me 









describe for those who have not yet read | 








this thousand-page opus, what to expect. 
Ashort prolegomenon justifies Mayr’s de- 
cision to write an intellectual (“problems, 


not periods”) rather than a social, cultu-_ 


ral, chronological or biographical history 
of his subject. This short justification. is 
buttressed by a longer lament that most 
philosophers of science have based their 
ideas and models of science on physics and 
ductionism and have been ignorant of 
aportant ways in which organismal 












lished by Harvard ey Press, 
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ard professors, often pack authority be- 


te Origin of Species appeared more than 


tof two projected ones on the history 


crowning 





nst st Mayr’ s The Growth of Biological Thou ght: Diversity. Evoltition; and Inheritance 
as first published in 1982 to widespread acclaim. Three years later, on the appearance of 
, W.F. Bynum reassesses the book. 






biology has its own special problems and 
methods. For Mayr, “teleology” . shorn of 
its metaphysical implications, Is not some- 
thing which modern life science has out- 
grown, but actually central to ultimate 
causation, that is, evolutionary processes. 
This preliminary survey allows him to 
develop briefly his two main, recurrent 


themes: the contrast and tensions between | 


essentialist (or typological) and popula- 
tion ene on the one hand, and 
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between “soft” (Lamarckian) and “hard” 
(Weismannian) inheritance, on the other. 

Three key phenomena make up ulti- 
mate biology: diversity, evolution and in- 
heritance, and these are treated at great 
length in turn. The most original section is 
that on diversity, where Mayr puts his own 
vast experience of the problems and phil- 
osophy of systematics to good use in sur- 
veying the history of biological classifica- 
tion and taxonomics (both macro- and 
micro-) from Aristotle to the 1980s. Dar- 
win of course occupies a pivotal position in 
this section and is centre-stage in Part II, 


which examines the inevitable cast of 


“forerunners” (with a reasonably sym- 
pathetic exposition of Lamarck’s achieve- 
ments) and the fate of natural selection up 
to and beyond the “evolutionary synth- 
esis” of the 1930s and 1940s, in the con- 


struction of which Mayr himself played 


such an important role. Part III picks up 
the other thread of the synthesis, inheri- 


inheritance (of acquired characteristics) 


through Mendel, Weismann, de Vries, 


Morgan and up to DNA. A disarming epi- 


| logue speculates about the possibility of a 


“science of science”. Those daunted by 
the book's size but wanting a fuller de- 


scription of its contents may be referred to 


A.J. Cain’s review in this journal (Nature 


297, 707-709; 1982), to George Gaylord. 
‘Simpson’ S discursively revealing com- 


attempt to evaluate the past on its own 


| pages) is dismissed as “an ignorant lay- 
tance, from the traditional theories of soft | 


- creationism together with esse atial : 






ments (7 he Quarterly Review of. i 
51. 437—444; 1982) or to John M 
Smith's sympathetically critical expositi 
(New York Review of Books 41-42: 
May, 1982). 
I have in addition read more than 
dozen other reviews of the original edi 
tion, virtually all of them by practisi 
biologists. From this sample I broug 
away two observations and had three 
conclusions confirmed about Ma 
monumental tome. The first observ 
is that the best scientists are the best 
ters (in which category the three review 
mentioned | above belong). “Le style 
l'homme même” , remarked another gre 
biologist, Georges Buffon. Mayr himsel 
offers a few brief reflections (pp.838-839) 
on the relationship between the form of 
publication and the chances of getting 
anyone to notice. Someone should do a 
more systematic study. 
The second observation, more substi: 
tial perhaps, is the role of authority ina 
book’s reception. Mayr has remarked, “If 
I have been successful at all, it is because I 
have myself done a considerable amount 
of research in most areas covered by this — 
volume”. His reviewers for the most part _ 
agree: one of the towering figures of evo- — 
lutionary biology has now written a tower- 
ing history of his discipline, is the general 
drift. Mayr’s familiarity with and under- 
standing of the biological phenomena he | 
has dissected historically are everywhere 
apparent, as are his omnivorous reading 
and superb expository skills. That same — 
authority stamps his personality on every — 
page of the book. Consequently, The 
Growth of Biological Thought possesses 
three closely-related characteristics which 
somewhat detract from its overall historic- 
al value. n: 
“irst, it is Whiggish, despite Mayrs 
claims to the contrary. Whig history con- 
structs the past as a series of steps leading 
to the present and awards points to past 
figures who “got it right”, or who thought 
most nearly like we do today. Much his- 
tory of science smuggles in a little Whigg- 
ism, but most historians of science now 











































































terms. Mayr insists that he pays “special. 
attention to underdogs” (both persons. 
and theories), but all too often he fails to- 
reflect the. importance his characters had 
in their own’ times. Thus, Erasmus Dar- 
win, Richard Owen and Herbert Spencer 
are relegated to the sidelines, while 
Robert Chambers (although he gets four. 


person”. 

Secondly, Mayr consistently bewails the l 
role of Christianity in biological thinking, 
viewing the relationship between science- 
and theology with the traditional (but now 
historically discarded) metaphor of war 
fare. “I have analyzed . . . the set of ide 
and beliefs that had prevented an gal 
acceptance of evolution. It consisted 
natural theology and a very lit 
























































































Hes” in scientific thinking (pp.834—835), 

e elsewhere questions whether any 
nnections exist “between the scientific 
ances and the general intellectual 
d social milieu” (p.124). 

What is certain, however, are the con- 
ctions between Mayr's scientific beliefs 
ind the kind of history he writes. He is 
spicious of mathematics in biology, and 
s little time for biometricians or the 
ore recent computer-based taxonom- 
š. He dislikes contemporary theories of 
macroevolution, so his former student 
ephen Jay Gould is conspicuously ab- 
sent from his long list of acknowledgments 
and virtually absent from his text. In fact, 
-jt.could be argued that Mayr’s book is not 
history in the conventional sense, but 
what Simpson’s review playfully called 
-“autobiology”. and what John Henry 
Newman, custodian of a faith for which 
Mayr has no time, might have dubbed an 
: Apologia pro vita sua. 5 





WF Bynum is at the Wellcome Institute for the 
- History of Medicine, 183 Euston Road, London 
on 12BP, UK. 
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Odd A N and 
other curiosities 
David W. Hughes 





The Astronomical Scrapbook: Skywatch- 
ers, Pioneers, and Seekers in Astronomy. 
By Joseph Ashbrook. Cambridge Uni- 
versity Press/Sky Publishing: 1 985, Pp. 468. 
£12.95, $19.95, 





ScrapBooks, stamped with the collec- 
tors’ idiosyncracies, can hardly farl to be 
fascinating. From the very meaning of 
Scrapbook in the title of a book, you know 
that you are going to be led down a series 
of byways, that the items will be easily 
digestible, and that you can happily dive in 
at random, enjoy an intellectual snack, 
and then put the collection aside for a 
future treat. And you know that you will 
be taken by surprise. 

Joseph Ashbrook (1918-1980) joined 
the staff of Sky and Telescope, America’s 
foremost astronomical magazine, in 1953. 
Every other month for 23 years he wrote a 
column entitled “Astronomical Serap- 
book”. He was intrigued by the human 
aspect of astronomy and revelled in accu- 
mulating details about obscure, over- 
looked astronomers whose fleeting fame 
had long since been forgotten. He con- 
stantly reminded his readers that the his- 
tory of astronomy is not a tale of steady, 


relentless progress, but one that reflects | 


life, where mistakes, failures and frailty 
are all too common. 

Ninety-one of Ashbrook’s best articles 
have been assembled into this book, sub- 










Lives” (a collection -of biographical- 
essays); “Telescopes and Techniques”; © 
“Phenomena of the Earth, Moon and 
Planets”; “Studies and Students of the 
Moon”; “Planets and other Solar System 
Objects”; “Stars and Stellar Systems”; 
and, finally, “Star Atlases”. | 

We read of August Sonntag (“a tantaliz- 
ing figure, dimly glimpsed”) and Smyth's- 
Celestial Cycle (“a cloudy-night solace to. 
the-amateur observer”); of immense teles: 
scopes which were “only about as useful as 
the enormous spectacles which were sus- 
pended over the doors of opticians”; and 
of Dr Peate, a clergyman who figured mir- 
rors, none of which ever seemed to have - 
been put to serious use (“by presenting 
them to colleges that could not find funds 
to build and staff observatories, he effec- 
tively buried them”). What is an Ango- 
siade? What did Dawes’ dog Dash do? 
How long does it take to estimate the — 
colour of a star? Answers to all these- 
questions are here, and to many more | 
besides. : 

A typical Ashbrook line is “The story 
involves an Austrian Naval officer, a Mas- 
sachusetts clergyman, a German school 
teacher, and a group of mathematical — 
astronomers at the University of Cincin- | 
nati”. But underlying each story line is 
Ashbrook’s scholarship, exactitude and 
love of detail. The book kindles a desire to 
learn more, a desire which can be satiated: 
thanks to an extensive reference section. 
This is a gem of an anthology which can be 
savoured time and again. 









David W. Hughes is Senior Lecturer in Astro- 
nomy and Physics in the Department of Physics, | 
University of Sheffield, Sheffield S3 7RH, UK. 





Pictures of the past 
W.S. McKerrow 





Elsevier’s Invertebrate Fossils Chart. By 
P. Lof. Elsevier:1985. 10 copies Dft.235, 
$87, with reduced rates for larger orders. 





ELSEVIER’s latest chart, for which you 
first require a large (95 x 135cm), clear 
space of wall, shows coloured photo- 
graphs of over 150 fossils, arranged tax- 
onomically. There are notes explaining 
the classification of the common inverte- 
brate phyla, their classes and orders, and 
annotated diagrams illustrating some of 
the more usual morphological terms. 
Smaller graphs indicate the stratigraphic 
ranges of the commoner classes and 
orders. 

The photographs are taken mostly from 
A.E. Richters book, Fossilien 
Sameln, published by Franckh'sche Ver- 
laghandlung in 1980. The fossils are pre- 
dominantly from Germany, France, 
Bohemia and Scandinavia. with 20 or so 


from the United States and a sprinkling 
Road, Oxford OX1 3PR, UK. 


from other countries. 


Zum 


The chart will form a pleasing decora- 
tion to a student’s study, but not everyone 
will find the price as attractive; several © 
introductory textbooks cost only about. 
double the amount and provide much ful- 
ler descriptions and illustrations. Moreov- 
er, a real beginner may be confused by so. 
many names of orders, and will certainly . 
find much of the terminology perplexing. — 
Despite the claim that the chart will pro 
vide students of geology with all the 
formation they need about invertebra 
fossils, I would still recommend a go 
introductory text which indicates. fu 
how and where these animals lived, and 
which uses a minimum of technical terms. 
For myself, I will continue to prefer to us 
real fossils as examples i in teaching. _ 

Still, the chart is useful ancillary mat 
rial, and if a wall chartis what you w 
this one is clear, accurate and. colous 
To some extent, the photographs sp 
for themselves and will certainly help { 
student and the amateur collector to ri 
ognize examples of the major groups 
invertebrate fossils. | 





























W.S. McKerrow is a Lecturer in the Departmen i 
of Earth Sciences, University of Oxford, Parks . 


A section of Brain Research devoted to the 
i of molecular studies. 


Editor in chief: 


D.P. Purpura, Brain Research, Office of the Dean, Albert Einstein College of Medicine, 
1300 Morris Park Avenue, Bronx, NY, U. 9. Aw 


The powerful techniques and 
approaches of molecular biology 
have greatly enriched brain 
research in recent years. The 
wide application of recombinant 
DNA technology, monoclonal 
. antibody production, molecular 
analysis of receptor-ligand inter- 
actions and ion channel mecha- 
nisms have generated a wealth 
of data bearing upon funda- » 
- mental processes underlying the 
structure and function of ner- 
vous systems. Indeed it is antici- 
pated that reports dealing with 
the application of molecular 
biological techniques will in- 
crease greatly over the next few 
years and require appropriate 
recognition and organization. 
-Cognizant of the need to make 
such interpretations available to 
the readership of Brain Research, 
we are pleased to announce 
- publication of a new section of 
| Brain Research entitled Mole- 
cular Brain Research? This decis- 
ion carries with it awareness of 
the rapid progress in molecular 


biology of the nervous system as | 


well as the desirability of encour- 


aging the focus of molecular 
biological research on brain 
mechanisms. 


The Editorial Board includes: 
[.A. Barnard, Cambridge, U.K. 
F.E. Bloom, La Jolla, U.S.A. 


AS. Cuello, Montréal, Que., Canada 


P.C. Emson, Cambridge, U.K. 

5.]. Enna, Houston, U.S.A. 

E. Herbert, Portland, U.S.A. 
G.A.R. Johnston, oydney, Australia 
B.S. McEwen, New York, U.S.A. 

$. Numa, Kyoto, Japan 

E. Roberts, Duarte, U.S.A. 

J.L. Roberts, New York, U.S.A. 
M. Schachner, Heidelberg F.R.G. 
R.H. Scheller, Stanford, U.S.A. 
E.M. Shooter Stanford, U.S.A. 
P. Siekevitz, New York, U.S.A, 
S.H. Snyder, Baltimore, U.S.A. 

K. Suzuki, The Bronx, U.S.A. 

L. Terenius, Uppsala, Sweden 

A. Ullrich, San Francisco, U.S.A. 


; — 


Molecular Brain Research isa’ __ 
special section of Brain Research | 
which provides a medium forthe 
prompt publication of studies of | 
molecular mechanisms of neur- 
onal, synaptic and related pro- 
cesses, that underlie the struc 
ture and function of the brain: 
Emphasis is placed on the mole- 
cular biology of fundamental — 
neural operations relevant to the 
integrative actions of nervous- 
systems, 


Subscribers to Brain Research ` > 
automatically receive this section. 


| Subscription information: 


1986 Volumes 1 and2 | 


| (2 volumes in 6 issues} 


| Price: US'S 167.00 / Df. 518.00 
| including postage and nena 


ISSN 0169-328X 


I Reader Service No.13 


For further information and or free sample copy please write to 


In afi other countries 

ELSEVIER SCIENCE PUBL ISHERS 
ELSEVIER SCIENCE PUBLISHERS PO Box 2711, F000 AE Amsterdam, 

52 Vanderbilt Ave | New York, NY 10017 USA The Netherlands $ 


Please send your orders to the Amsterdam address 


Inthe (LSA and Canada 
Journal iriarmaton Center 


The Dutch guilder price is definitive. US $ prices are subject to. exchange rate fluctuations Prices are excl BTW for Dutch customers 
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his book is the expanded, com- ~ 
letely updated new edition of 
Principles of Neural Science. Like its 
predecessor, this new edition 

pplies the insights. gained from 
urrent research in basic science to 
he study of the nervous system, its 
evelopment, and its control of 
behavior. The second edition places 
an even stronger emphasis on cell 
and molecular biology and includes 
a new and systematic treatment of 
neuroanatomy, detailed enough to 
erve as a foundation for clinical! 
neurology and psychiatry. 









‘rinciples of Neural Science, 
Second Edition, covers the extra- 
ordinary recent advances that are 
revolutionizing neuroscience 
esea rch inciuoing: 


Send to: 


ELSEVIER SCIENCE PUBLISHERS 
i Alin: Miss Sue Kettle, 

P romation Department (BMD), 
i PO. Box 1527, 
1000 BM AMSTERDAM 

The Netherlands 






















An: ater: T enquiries to: 


o Homel n 28-36, Hongo l-chrame, 
Bunkyo-ku, Tokyo 13, fapan 


in the U.S.A. and Canada, address enquiries to: 
ELSEVIER SCIENCE PUBLISHING CO. ING., 
Attn: Mr Alan Moore, 


PO). Box 1663, 
Grand Central Station 
New York, NY 10163, U.S.A. 


SECOND EDITION 
Editors: Eric R. Kandel, M.D, and James H. Schwartz, M.D, Ph. D. 


+ Recombinant DNA and 


IGAKU-SHOIN LIMITED | 


Senior Marketing Manager, 






The Howard Hughes Medical Institute and The Center for 






monoclonal antibody techniques, 
which, applied to the nervous 
system, make it possible to study 
the molecular details that distin- 
guish different nerve cell types. 

e Patch clamping, a recently 
developed electrophysiological 
technique that allows direct exami- 
nation of the properties of single 
ion channels in intact membranes. 


ə New neuroanatomical tracing 
methods that are clarifying inter- 
connections between nerve cells. 


« Non-invasive methods of imaging 
that now make it possible to study 
the three-dimensional structure of 
the living human brain: 


Principles of Neural Science, Second 
Edition, presents an integrated treat- 


Neurobiology and Behavior College of Physicians and Surgeons, 
Columbia University, New York, N. Y. 



























ment of neuroanatomy in relation _ 
to neurobiology and behaviorand _ 
provides an effective introduction | 
to neurology and psychiatry. => 


Praise for the First Edition (Winner — : 
of the 1982 Medical Writers Book | 
ean 


... enthusiastically recommended? 
~ The New England Journal 
of Medicine 
“an excellent book, fun to read yet 
informative and accurate -a combi- 
nation rare in scientific literature’ 
~ Naty, 
1985 1,032 pages. 
Price: UK £40.00/ USA. and G anada 
S47.50/Rest of World Dfl. 160.00 
(excluding Japan) 
ISBN 0-444-00944-2 


Reader Service No. 15 


ORDER FORM FOR TEXTBOOKS 


Principles of Neural Science, and edition - Editors: Kandel/Schwartz — 


ISBN 0-444-00944-2 


Please complete the form below and send it to one of the given addresses 


Cit would like to receive further information. 
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leurysmal neck clipping and all 


_ other aspects of the newly devel- 
oped and tested technique for 

-< Surgical treatment of aneurysms. 
The book features 150 of these 
illustrations in full colour and 
another 200 in monochrome and 
two-tone colour. 


| 1985 xii + 230 pages 
` Price: US §222.25/Dfl. 600.00 
© ISBN 0-444-902678 






































purpose in mind in designing the 
text, every effort has been made 
te keep the organization easy to 
follow; the presentation clear, and 
the figures informative. This 
special layout and text sequence 
make ita very usable textbook, 
already strongly recommended 
by reviewers. 









1985 784 pages 
Price: 
Keference edition - 


5 n PE US $155.00/Dfl. 480.00 
Human Anato Student edition - 


Macrosueceay oF | PORNA | Sy 
CEREBRAL aw) nop ysio ogy E.l N ie | d 
Atlas by the late 
Zentaro Ito 


Edited by: Nobuyuki Yasui and 
Hiroyasu Kamiyama 





















This beautiful, carefully designed 
Atlas on Microsurgery of Cerebral 
Aneurysms is the first book 
published which illustrates micro- 
surgical techniques for the treat- 
‘ment of this type of aneurysm. 
The artists studied operation 
records, sketches, videorecord- 
ings, films and photographs made 
by the team during and immedi- 
ately after the operations. 
The procedural steps are accen- 






HUMAN ANATOMY, 
PHYSIOLOGY AND 
PATHOPHYSIOLOGY 


Authors: G. Thews, E. Mutschler 
and P. Vaupel 









































This book contains an integrated 
presentation of human anatomy, 








tuated in combination with the physiology and pathophysiology. Use the coupon to 
relevant anatomical details so The book arises from practical obtain vour 

that every neurosurgeon can im- experience in training pharma- y yo 

mediately understand the most cists in Germany, where it is a personal copy of 
suitable operative approaches, ‘very successful course book, a ES Ei 

the subtle structures surround- reflection ofthe competenceand | OUr new catalogue 


ing aneurysms, the manipula- thoroughness of its authors. The Reader Service No.14. | 
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PO, Box 1663, | Anatomy, Physiology and Pathophysiology 
Grand Central Station 
New York, NY 10163, U.S.A. 





Inall othercountries: | O Please send me a 1985/86 Neuroscience Catalogue 
ELSEVIER SCIENCE PUBLISHERS | 
Attn: Miss Sue Kettle, Send to: 
Promotion Department (BMD), | ay, 
PO. Box 1527, Name ee a ae eer Ree eee 
1000 BM AMSTERDAM | Professional Address. | 
The Netherlands 


rarau atta wA ati iminium ue snctratn Wi TAS aa AIPA NA Phere dN eer num yma RH Hiei 






































































IN vIvo PERFUSION AND RELEASE OF 
NEUROACTIVE SUBSTANCES 

‘Methods and Strategies 

Edited by Alejandro Bayon and René Drucker-Colin 


Part I describes the probes and procedures used in this developing 
„research, and evaluates the potential and limitations ofthe methodol- 

ogies involved. Part ll evaluates and compares a variety of experimen- 
= tal strategies in which these new techniques have been used to gather 
< data on the chemical, bioelectrical, and behavioral aspects of brain 
= function. The interdisciplinary techniques employed to study preb- 
| Jems of neuronal connectivity, motor behavior, neurgendocrinology, 
_ and neuropathology are also described. 


] 1985, 344 pp, $62.50 / £54.50 ISBN: 0-12-083350-6 


| DEVELOPMENTAL NEUROPSYCHOBIOLOGY 
Edited by William T. Greenough and Janice M. Juraska 

< Tentative contents include: embryonic mechanisms, regulation of 
nerve fiber growth during embryogenesis, pathways and changing 
connections in the developing nervous system, sexual differentiation 


development in the visual system: anatomical studies, and expe- 
pence and visual development: behavioral evidence. 


Dec. 1985, c. 490 pp., in preparation ISBN: 0-12-300270-2 


| CEREBRAL LATERALIZATION 

| IN NONHUMAN SPECIES 

$ Edited by Stanley D. Glick 

- Brain asymmetry has previously been considered to be uniquely 
“haman. However, in the past decade, systematic investigations of 


brain asymmetries in animals have been conducted and the results 
point to differences between sides of the brain in a variety of species. 


The first book to focus specifically on this area, CEREBRAL LATERALI- 
4 ZATION IN NONHUMAN SPECIES summarizes this new information 
4 and its relevance in terms of understanding the neurobiology of the 
| human brain and human neurological disorders. The chapters illus- 

-trate the diversity. of ongoing work in this new and rapidly growing 
field. | 


4 < 1985, 312 pp., $49.50 7 £43.50 ISBN: 0-12-286480-8 


| THE NODE OF RANVIER 

_ Edited by Joy C. Zagoren and Sergey Fedoroff 

-This volume is the first to provide new and unpublished data on the 
‘node of Ranvier, and to review historical and recent developments 
“using a multidisciplinary approach. This important structural compo- 
nent of the nervous system is covered via evolution, morphology, 
histochemistry, and physiology and includes in vivo and in vivo 
topics during development, disease, and regeneration. 


; 984, 416 PP. $69.00 / £55.50 ISBN: 0-12- 773230- 7 
cu INICAL NEUROENDOCRINOLOGY 


Edited by G.M. barrad Luciano Martini 

FROM THE REVIEWS: “This attractively produced volume is impor- 

tant and interesting background reading for both basic and clinical 

neuroendocrinologists, as well-as for general endocrinologists and 
physicians with an interest in the subject.” 

N © MEF. Scalon in THE LANCET 


1982, 450 pp., $68.00* / £5450 ISBN: 0-12-093602-X 








Volume I 


Edited by Luciano Martini and G.M. Besser 


~ 1977, 610 pp. $6800* / £54.50 
SBN. 0-12-475360-4 


ae price for Volumes | ane I: $109.00 ($126.00 if purchased 


From Academic Press 


-öf the brain, ontogeny of the ence phalization process, experience and | 


BRAIN RECEPTOR METHODOLOGIES 

Edited by Paul J. Marangos, 

lain C. Campbell and Robert M. Cohen. | ve 
This first title in the NEUROBIOLOGICAL RESEARCH series reviews hes. 
neurotransmitter and neuromodulator receptors in the brain. The f 


authors provide comprehensive and current coverage of twenty dif- 
ferent brain receptor systems, emphasizing methodology and des- 


cribing clinical applications of receptor methods. 


Part A: General Methods and Concepts, 
Amines and Acetylcholine. 
1964, 384 pp., $56.00 “ £45.00 ISBN: 0-12. 470350-X 


Part B: Amino Acids, Peptides. Psychoactive Drugs. 
1984, 352 pp., $45.00 / £36.00 ISBN. 0-12-470352-6 


CALCIUM AND CELL FUNCTION 
Edited by Wai Yiu Cheung 

Volume 5 

1984, in press ISBN. 0-12-171405S5 


Tentative contents include: molecular properties of phosphorylase 
kinase, phospholipid-sensitive Ca2+-dependent protein phosphory-. : 
lation, role of calmodulin in neurotransmitter synthesis, and evidence: 
for a role for calmodulin in cell proliferation involving the DNA repair: 
pathway. 


Volume 4 
1983, 485 pp., $70.00 / £56.00 ISBN; 0-12-171404-7 


Subscription Price 
$59.50 / £48.00 ISBN: 0-12-1714045S7 


Volume 3 
1983, 502 pp., $64.00 / £51.50 ISBN: 0-12-171403-9 


Subscription Price 
$54.50 7 £44.00 ISBN: 0-12-171403S9 


Volume 2 
1982, 429 pp., $66.00 7 £53.00 ISBN: O-12-171402-0 


Subscription Price 
$56.00 / £45.00 ISBN: 0-12-171402S0 


Volume 1, Calmodulin | 
1980, $60.00 / £48.00 ISBN: 0-12-171401-2 


Subscription Price 
$49.50 7 £40.00 ISBN: 0-12-17140152 


Two Volumes in the 
METHODS IN ENZYMOLOGY Series 


Volume 102 HORMONE ACTION, PART G- 
Calmodulin and Calcium-Binding Proteins : 
Edited by Anthony R. Means and Bert W. O'Malley 
1983, 336 pp.. $47. 50 / £38.00 ISBN; 0-12-182002-5 


Volume 103 HORMONE ACTION, PART H 
Neuroendocrine Peptides _ 

Edited by P. Michael Conn 

1983, 740 pp, $69.50 / £56.00 ISBN: 0-12-182003-3 
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_ from Beverly Halstead 
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: Kins Imanishi (born 1902), Emeritus Pro- 
_. fessor of Kyoto University, is a noted fi- 
`- gure in contemporary Japan, a renowned 
-< mountaineer and explorer, and the recent 
-~ recipient of Japan’s Order of Culture First 
<class. In his earlier days, he was a student 
of mayflies and habitat segregation’ and 
the behaviour of non-human primates and 
biosociology’. But he is now best known 
for his numerous books in which he adv- 
ances his own anti-darwinian view of 
evolution”, 

Imanishi’s books are all exceedingly 
popular and all of his works on evolution 
remain in print, right back to that which he 
first had published in 1941. Indeed, it 
would not be unreasonable to say that in 
Japan the average intelligent layman’s 
understanding of evolution stems in great 
measure from the writings and innumer- 
able interviews given by Imanishi. 

Imanishi is not simply a popular writer. 
In Japan he is often held up as an intellec- 
-tual giant equivalent to Charles Darwin. 
_. There is talk of a movement, led by Seigen 
< Tanaka, to recommend Imanishi for the 
-Nobel prize. A new centre of “Japanolo- 
- gy” which the Prime Minister, Yasuhiro 
_ Nakasome, is pushing hard to set up and 
whose aim will be to “create outspoken 
_ Japanese capable of explaining, defending 
sand exporting their cultural values around 

the world just as the West has done” will, 
according to newspapers, have Imanishi 
as one of its chief advisors. 
Imanishi’s views certainly do represent 
different cultural values. He sees the 
- group and not the individual as of fun- 
_ damental importance in evolution, he 
~ does not see struggle in nature but rather 
- the underlying harmony. Imanishi claims 
: that his insights arise out of a particularly 
< Japanese world view, which is starkly at 
= variance with the philosophies and reli- 


7 gions of the Western world. Imanishi 


seems to be dismissive and at times con- 
5 temptuous of the West and in particular of 
~ its individualism. 
What Imanishi has to say is of consider- 
able interest. The claim that there was a 
new Japanese view of evolution, stem- 
ming from the intrinsic qualities of 
_ Japanese society is especially intriguing. 
~ “On one fundamental point, Imanishi is 
. in complete agreement with Darwin. He 
accepts that from the origin of the first 
_ living things on Earth, life has diversified 
hrough the aeons of gelogical time. 
<- Where he parts company with Darwin, is 
: on the importance that Da y Stet to 






Anti-darwinian theory in Japan 
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the role of the individual, especially with |. we A ; veste 
regard to the concept of natural selection, | me. They 


involving, as it does, competition among 


individuals in the struggle for existence. 
Imanishi contends there is no such thing as _ 


survival of the fittest; what determines 


survival is in most cases purely accidental. 
It is a matter of luck rather than selection. 
Although naturally, Imanishi recognizes 


that individuals vary, he considers that to 
a very great extent the nature of the spe- 
cies as a whole determines the character of 
the individuals. It is not the other way 
around, as Darwin would insist. Imanishi 
relates this to the sense of identity that 
organisms posses. Imanishi sees the spe- 
cles or more properly his species-society 
as being an entity in its own right. 

Imanishi considers that Darwin’s view 
of nature is too harsh: it is a paternalistic 
view derived from the cultural and reli- 
gious ethos of Western Europe. The 
Japanese view is essentially a maternal 
one, that sees the maintenace of stability 
as a primary factor. Imanishi stresses that 
in the development of the individual, from 
the egg, there is no struggle for survival 
among the cells, just as there is no com- 
petition or struggle for survival within a 
cell. What one finds as the cells divide and 
differentiate is change that proceeds 
smoothly. 

The emphasis on the individual and in- 


deed on individualism is a feature of West- . 


ern society®’”. He writes’: 
One of the decisive differences between Dar- 
win’s theory of evolution and mine, as I men- 
tioned before, is that, my theory holds [that] 
all the individuals of a species change at once 
when the time to change comes, Darwin 
thought that evolution begins with the indi- 
vidual, or with a small number of individuals. 


This certain individual, using a term of mod- | 


ern neo-darwinism, is called a mutation. 
Whether in morphology or behaviour, this 


mutation can be victorious in competition | 
only when it is the fittest, and it is further | 
supposed that that organism losing in the | 


competition for survival will perish. God is 


always on the side of the elite. Perhaps be- | 


cause this appeals to those Christian Wester- 
ners. . 


Some years have passed since I first said | 


that evolution is change occuring when it is 
time to change. And as support for this asser- 
tion. I have produced on many an occasion 
the example of ontogeny, that is, the growth 
of the individual. The individual does not 
change through the process of growth. 


Evolution is changing when it is time to 


change, 1 said, and this is not just some in- | 


cidental notion, but my evolutionary theory, 


_and departs from the many others, which 


cies or “species-society” that has primacy «__ 


z tion: 


: cally a Principle of coexistence. 


| the selectionism of Darwin has its roots i 
< Western society, whereas the theory of- 
| Imanishi has its roots in Japanese society. : 





E level of thè individual. 


But this is only one part of Imanishi’s” 
eion theory. Arising out of his early 
research on mayflies, he developed the 
concept of habitat segregation, which. he 
later amplified as life-style partitioning. It 
can be observed that in freshwater streams 
and rivers one can recognize that species 
appear to be ‘segregated into particular 
habitats: This.concept is central to Im- 
anishi’s evolution theory, He claims that - 
not only does competition among indi 
viduals of a species not occur, but neither 
does competition between species. In this _ 
sense, Imanishi’s evolution theory is novel 


reject the notion of intraspecific competi- 
tion. They, nevertheless, are happy to 
accept interspecific competition. Imanishi 
bases his revolutionary notion on his con- 
tention that species, through mutual iden 
tification, simply of their own accord; 
select their particular habitats. In fact, the 
concept of identification transcends that. 
of adaptation. It is the nature of the spe- 


over the individual in this matter’. The 
individual species choose their own habi- 
tats within the environment. As Imanishi © 
states’: : 
In my younger years I challenged the success. 
sion theory of the ecologists Clements and 
Shelford with the habitat segregation theory, 
-and now [am doing the same, this time chal- 
lenging Darwin's theory of evolution. This is 
because both the succession theory of Cle- 
ments et.al., and Darwin's theory of evolution 
“are predicated upon the principle of compet 


The priñciplė. of habitat segregation is not a a 
principle of competition, but is most es 


4 regard the biological nature we see not: as 
the scene of survival competition, but as the 
scene of peaceful coexistence among specia: 
Therefore I have also said that evolution to 
medis an increase in the density of the habitat 
segregation of the specia. 


‘But no matter which way one looks at it, 1 
find it quite impossible to reconcile the strug- 
gle for survival with the evolution of the 
harmonized holospecia. 

Imanishi draws attention to the fact that 
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Subject and author 
indeed the manner of perception of the 
world and man and the orderly formation 


-of harmony in society is clearly reflected in 


Imanishi’s theories. In any event, Im- 
anishi contends that there are two quite 
different and contrasting theories of 
evolution: that of Darwin and that of Im- 
anishi. Imanishi is strongly critical of neo- 
darwinism with the individual as the fun- 
damental unit of the process of evolution, 
and attributes the emphasis on competi- 
tion and selection to the social ambience 
of the West. To Imanishi, “Darwin got 
carried away with competition and selec- 
tion, whereas [Imanishi] chose habitat 
segregation™ and an evolutionary theory 


based on the principle of cooperation and ` 


mutalism — the principle of cooperation 
and an inherent harmony in the living 
world. 

These two evolutionary theories illus- 
trate his very concept of “habitat segrega- 
tion”: Darwin's inhabits the West and Im- 
anishi’s the East.” 

One of Imanishi’s articles has recently 
been translated into English “A proposal 
of shizengaku: the conclusion to my study 


_ of evolutionary theory™. This is difficult 


to follow without some knowledge of the 


background and it is not easy to communi- 


cate Imanishi’s wonderful command of 
the Japanese language which makes his 
works so pleasant to read, if not necessari- 
ly easy to understand. 

The notion of the primacy of the group 
falls on fertile ground in modern industrial 
Japan and in a sense the importance of the 
corporate nature of mankind, which Im- 


= anishi emphasizes, does provide a kind of 


intellectual respectibility for the suppres- 
sion of individualism. Curiously Im- 
anishi’s views are popular among left-wing 
students by virtue of his emphasis on 
cooperation and mutual aid. There are 
indeed areas where Petr Kropotkin’s 
Mutual Aid’, with its emphasis on coop- 
eration, are mirrored in the writings of 
Imanishi. 

The influence of Imanishi is particularly 
powerful because it encompasses both 
ends of the political spectrum, no mean 
feat in this day and age. But there is some- 
thing more than this, because Imanishi is 
especially popular with the ordinary 
Japanese. The fact is that the prevailing 
concept of competition is detested by the 
ordinary Japanese, because everyone is 
involved in it in their real lives. Imanishi 


presents them with an alternative — a 
dreamscape of irrational sentimentality. 
Imanishi satisfies the dreams and aspira- 
tions of people, his writing is comforting 
and the style is persuasive especially to 
those with no real background in biology 
and science. His style is very colloquial 
and sometimes even in Kyoto dialect. 
Real life in Japan is very hard for ordinary 
people, everyone is in a desperate rat- 
race. Imanishi gives dreams and hope to 
the Japanese people. Just as between the 
wars, when foreign travel was not possi- 
ble, Imanishi and his friends went on 
mountaineering and exploration expedi- 
tions, and made films and books of their 
exploits. Their activities were envied by 
the Japanese people, for whom they pro- 
vided dreams and hope throughout the 
years of depression and militarism. One 
suspects Imanishi is fulfilling a not dissimi- 
lar role today. 

Imanishi’s evolution theory is a poetic 
vision, it is beautiful to contemplate but it 
is a dream and it is Japanese in its unreal- 
ity. In the world and indeed in Japan, it is 
demonstrably a world of competition, 
struggle and disharmony. In such a world 
Imanishi’s theory acts as a wonderful 
counterbalance that gives people hope 
and something towards which to strive. 
Unhappily it has no place in the scientific 
understanding of the real world. 

One of the most interesting features of 
the Imanishi phenomenon is that he epito- 
mizes the generation that developed be- 
tween the wars and was isolated from the 
mainstreams of international science. It 
was in just such intellectual isolation that 
new ideas and concepts were evolved. Be- 
fore the First World War there was a 
tremendous influence of the West from 
the time of the Meiji Restoration (1868) 
until the rise of militarism. After the 
Second World War Japan again came to 
enter the mainstream of the West, at least 
substantial contacts were effected. The in- 
tervening period was one of particular ori- 
ginality from within the Japanese intel- 
ligentsia, especially the Kyoto Elite of 
whom Imanishi stands as a prime exam- 
ple. 

Imanishi stood, and stands, firmly 
against the crude selectionism that was 
particularly enamoured of the rulers of 
Japan at the end of the last century and the 
early decades of the present one. Social 
darwinism was held to be an adequate jus- 
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tification for the running of society by a 
powerful authoritarian government. 

The fundamental divide in man’s view 
of the evolution of life, which has fuelled 
the most vitriolic of controversies, has 
been the degree of emphasis placed on 
either observed variations among indi- 
viduals or on the features held in common. 
Was individual competition among indi- 
viduals the driving force of evolution or 
was it cooperation? It must surely be evi- 
dent that both aspects must be repre- 
sented and over recent times there have 
been attempts to produce a synthesis — a 
dialectic resolution of the unity of oppo- 
sites. This is perhaps best exemplified by 
in the writings of John Maynard Smith”. It 
can be fairly confidently stated that 
mutual aid and cooperation, indeed the 
phenomenom of altruism, are susceptible 
to an explanation in terms of natural selec- 
tion. The antithesis emphasized by Im- 
anishi is a false dichotomy. It is now re- 
solved. There is no longer any foundation 
for Imanishi’s attack on what he imagined 
darwinism to comprise — it was merely a 
caricature of Darwin. 

So much for Imanishi’s views on the 
inherently harmonious nature of the living 
world. There are nevertheless a number of 
empirical claims derived from his early 
work on habitat segregation on aquatic 
insect larvae, mayflies in particular, that 
are critical and form the keystone to the 
edifice of Imanishi’s evolutionary theory. 

First is Imanishi’s claim that the larvae 
select their habitat on the basis of recogni- 
tion of species identity, that there is an 
innate property of proto-identity and that 
this determines the association of indi- 
viduals of the same species. The second 
major contention is that where two species 
separate in a similar environment, they 
separate not by direct competition as 
usually assumed but simply by one group 
moving away of its own violition, that 
direct confrontations are always avoided 
in the living world. 

The association of larvae of the same 
species is now established to be not a con- 
sequence of some type of proto-identity 
but simply the preference for particular 
physical parameters of the substrate'’”. 
Recent researches in freshwater, marine 
and terrestrial habitats in experimental 
ecology, have demonstrated that inter- 
specific competition takes place in some 
90 per cent of all cases studied”. 

The informational foundation of Im- 
anishi’s theory no longer stands, but tthis 
seems to have little effect on either the 
standing or on the public reception of his 
ideas. For an explanation of this, one has 
to turn to the scientific community in 
Japan, which has its own special charac- 
teristics. It is characterized by the virtual 
absence of debate or any kind of intellec- 
tual confrontation. The great teacher or 
leader, the /e-moto, a member of this elite 
is untouchable. There are many examples 
of this situation within Japanese science, 
which have been incisively dealt with by 


D'n 


= i ne. . ae ae ` La “ae 
=- NATURE VOL.317 17 OCTOBER 1985 — 


= = a a lO ~<a FS i 













“Sibatani, dhe: in 1981 wrote a critique of 
_.. Imanishi’s evolution theory” but who sub- 
< sequently rather spoilt the effect by being 
converted to Imanishi’s ideas’. Perhaps 
the most striking example comes in the 
writings of Shoji Ijiri, a Marxist palacon- 
tologist who has taken a special interest in 
evolutionary theory, but has never discus- 
-sed the contrary views held by Imanishi. 
`: The reason according to Ijiri was that he 
believed the theoretical concepts were 
<- simply “saloon theories from the Kyoto 
_ Unversity coffee houses. They were group 
discussions for aristocrats, who talk about 
science with their brains and their mouths, 
-= in contrast to Ijiri who approaches theory 
-on the basis of practical experience of mud 
and sweat””. As far as Ijiri was concerned 
_.. “farmers and aristocrats have no points in 
common", in short he had completely 
ignored Imanishi’s theory. 

: Whichever stand is taken the result is 
the same, there is no public response. 
There is one further factor, which may be 
significant. Imanishi states he is not an 
~ ecologist, hence ecologists cease to discuss 

his ecological theories even though his 
ideas may be central to their own resear- 
ches. When Imanishi now states he is not a 
scientist, fellow scientists no longer feel 
there is any need to discuss his theories, 
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“The lack of 
= progress in economics” (Nature 7 Febru- 
. ary 1985)’ is a remarkable exercise in im- 
_. aginative writing. He has constructed in 
=> his mind a theory of what present-day eco- 
- nomists are engaged in when they do eco- 
< nomics — what Eichner calls “the prevail- 
= ing practice among economists” — and 
proceeds to flail against the enterprise be- 
_. cause, in Eichner’s theory the current 
practice “. . . is based entirely on axioma- 
tic reasoning, without empirical support 
for the key propositions upon which the 
theory rests”. Economists reading Eich- 
ners. article will have noted at once that 
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COMMENTARY- 
even though they are concerned with the 
central concepts of their own disciplines. 
There seems to be a rigid regimentation in 
the natural sciences and great store is 
taken of labels that are paraded and rather 
less consideration of the actual content 
being displayed. There is a handful of ex- 
ceptions. Sibatani has conducted a series 
of criticisms of the state of Japanese 
science”, and the natural sciences in par- 
ticular, from his working home of Austra- 





lia (although he is now in retirement and 


settled in Japan again). 


ral tradition in Japan although deep and 


learned disagreements and discussions are 
conducted within groupings such as the 


Kyoto Elite. Dedication to the search for 
truth will allow discussion among elites. 
There is the paradox of the elite proclaim- 
ing the importance of the group and Im- 
anishi is a classic case in point, and yet his 
entire life has revealed the attitude of an 
extreme individualist. Indeed members of 
the Kyoto Elite are bound together by a 
single trait, extreme individualism, but 
who to a man proclaim the primacy of the 
group for the rest of Japanese society. It 
certainly does not apply to themselves. 
Originality and innovation flourish in a 
secret enclave beyond the experience of 
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-An attack upon the discipline of economics, from within, is rep coal 


his own theory of what other economists | 
do is deeply flawed on this count. But we | 
have no reason for thinking that the 
majority of Nature’s readership, who we | 
take it are non-economists, will recognize | 


this, and in particular, recognize the fact 
that Eichner’s claims are simply false from 
start to finish. Economics, like other disci- 
plines we imagine, has its share of people 


who, for whatever reason, cannot grasp | 


what they criticize, and ordinarily we 
would not respond to such an article as 


Eichner’s. In any case, there is no obvious | 


harm in having some dottiness around. 
But this piece may cause mischief, for 


versity. Thanks are due to my host Profe 


| gy Department and Drs M. Tasumi and ; 
Vigorous debate is not part of the cultu- 





. become a science — the opening summary 


what would be meant by a claim that iti 
not. More to the point, it would have no 































































the riian Japanese, condemned 
they are, to the rigid authoritarian feuda 
society that masquerades as one of th 
advanced nations of the world. — 

My study of Imanishi's evolution theor 
was undertaken during the tenure of i 
British Council/Monbusho Visiting Pro 
fessorship held at the Department. 
Geology and Mineralogy, Kyoto Uni 


sor T. Kamei, Dr H. Kamiya, Dr T. Ohi 
and Miss. Hatsuko Fujikawa of the Geol 


Rossiter of the Zoology Deaprtment fo: 
their help and encouragement. Dr Shoj 
ljiri of Tokyo provided valuable insight 
into the radical left of Japanese palaeo 
tology; Dr A. Sibatani of the CSIRO Divi 
sion of Molecular Biology, Sydney, firs 
introduced me to the works of Imanishi 
and provided much illumination. Emër- 
itus Professor Kinji Imanishi kindly. dis 
cussed his ideas with me and informed me _ 
that my outline of his theory extracted | 
from my book represented a precise and 
accurate summary of his ideas. Gee 
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Eichner ends by suggesting that, “. . . it 
may .. . require the censure, or at least a 
strong protest, of the scientific communit 
to force a change in the prevailing practice. 
among economists”. Since he has carried 
his frustrations to a multi-discipline jour- 
nal such as Nature it would be improper of 
economists to let the piece pass by without : 
comment. a 

We will not engage in a discussion of: 
whether it is possible for economics. tò- 










of Eichner’s article — as it is not at all clear 3 
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bearing either way on Eichner’s thesis ab- 
out the intellectual concerns of present- 
day economists. Eichner begins by claim- 
ing “the core of economic theory consists 
-of four theoretical constructs which serve 
‘as the micro foundation for the dominant 
aradigm ... indifference curves, iso- 
-quants, positively sloped supply curves 
-and marginal physical product of capital 
“curves”. Moreover, in Ejichner’s view 
“these four theoretical constructs are de- 
ived from two fundamental rela- 
tionships”, namely“ . . . a utility function 
representing the utility, or satisfaction, 
derived from the use of a given assortment 
of goods...” and “... a production 
function representing the different quanti- 
. ties of inputs required to produce the out- 
_ put (sic) of the economic system”. One of 
«these inputs, so Eichner claims the domi- 
nant paradigm requires, is an aggregate 
measure called “capital”, a concept that, 
-in the words of a J. Blatt from whose writ- 
-ings an extract is reprinted alongside Eich- 
_ner’s piece, is impossible to define consis- 
tently. 
It is difficult to know where to begin. 
-For the economist reader, to quote is to 
“expose. For others this would not be so. 
Therefore we begin by noting that “the 
“dominant paradigm” in economics, as 
-Fichner calls it, does not require and does 
not rely on marginal physical product of 
_ (aggregate) capital curves, as a perusal of 
any leading graduate textbook’ on micro- 
economic theory would testify, and it is 
astonishing that Eichner is unaware of 
this. Nor does it require the third of Eich- 
ner’s four putative constructs, namely 
_ positively sloped supply curves (see for 
-example refs 2 and 3 or the less technical 
specialized survey by Killingsworth’, in 
which the theoretical reasoning behind 
d the empirical evidence for labour 
upply schedules that are in part negatively 
sloped are discussed). Indeed, the domi- 
nant paradigm recognizes very much that 
“a modern economy is composed, among 
other things, of a complex set of inter- 
dependent markets, so that the supply 
forthcoming of a commodity depends on 
current prices, expected future prices of 
various goods and services, incomes of va- 
jous categories, and so forth. 
We have some difficulty understanding 
what precisely Eichner finds objection- 
able in the idea that firms can, in principle, 
‘choose from a variety of techniques to 
produce a given commodity (the second of 
Eichner’s four constructs). There is now 
_an enormous empirical literature showing 
that firms do react to altered economic 
‘conditions by saving on this resource and 
-relying more on that resource (see for ex- 
ample Berndt and Field’ for evidence of 
substantial substitution occasioned by oil 
price rises). Eichner seems to think there 
is something phoney about such substitu- 
tion possibilities among inputs in produc- 
tion (but think of double-glazing as a 
means of lowering the use of oil and gas, to 
take literally a homely example), and he 





ems to sugges 
that there are no substitution possibilities 
among inputs, that there is only one tech- 
nique — or only a few techniques — for 
producing a commodity. The dominant 
paradigm is obviously capable of absorb- 
ing such a specification of production pos- 
sibilities, for it is a special case of what 
Eichner finds otiose. 

We have left for last Eichner’s most 
astonishing claim (and that of J. Blatt, 
whose views are published alongside Eich- 
ner’s piece), that the theory of consumer 
choice is founded on the hypothesis that a 
person’s “utility” or “level of satisfaction” 
can be measured, a hypothesis for which 
there is no empirical evidence. It is now 
over fifty years since Sir John Hicks and 
the late Sir Roy Allen developed empir- 
ically refutable propositions regarding 
consumer demand for goods and services, 
based on a framework which firmly 
avoided any such concept as “cardinal util- 
ity”, or “satisfaction”, a framework 
which formed a cornerstone of two classics 
in the literature of economics” and is, if 
one cares to look for it, to be found in any 
graduate text on microeconomics. 
Moreover, the empirical work on consum- 
er demand for various categories of goods 
and services is simply enormous (see for 
example Deaton and Muellbauer’ for a 
survey and references), and it is incompre- 
hensible to us how Eichner, who we 
understand has a teaching post at Rutgers, 
the State University of New Jersey, can 
have missed all of it. The claim that empir- 
ical investigations of the implications of 
microeconomics theorizing are non- 
existent is particularly ironic given the ex- 
traordinary outburst of publications in the 
field of applied microeconomics since the 
Second World War. 

How can such remarkable misconcep- 
tions be held by a professional of his own 
discipline? Part of the answer must be sim- 
ple incomprehension. During the past few 
decades the subject has developed at a 
furious rate, largely because it has in- 
creasingly attracted talented and well- 
trained young people, some of the highest 
ability. The spread in the technical compe- 
tence amongst economists is very large; by 
its nature economics is a very technical 
discipline. It has always been so, and if it 
did not appear to be so it is because earlier 
economists had adopted a diplomatic style 
of writing and lulled the reader often into 
thinking that the analyses were easy. 
Reading Adam Smith, or David Ricardo, 
or Karl Marx or Alfred Marshall or John 
Maynard Keynes is in fact no easy matter. 
They were grappling with some of the har- 
dest of intellectual problems and were 
trying to illuminate by abstracting here 
and simplifying there. For them the mat- 
ter was harder in addition because they 
restricted themselves to developing their 
arguments in spoken language (we will not 
say plain language!) when what they were 
engaged in was often mathematical 
reasoning. (The drawback of this 
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approach to communicating with one’s 
readers can be seen from the fact that 
nearly fifty years after the publication of 
Keynes’ General Theory economists are 
still debating what Keynes really meant.) 
Today, such inhibitions have disappeared 
and a greater part of the most interesting 
advances in theoretical and applied eco- 
nomics are being made by people who 
write for each other and who get down to 
business at once, not indulging much by 
way of preliminaries about the motivation 
behind their investigations, preliminary 
chit-chat and so forth. To enter this litera- 
ture requires formidable technical invest- 
ment and many economists simply aren't | 
equipped to follow even a fraction of it. 
There is then, of course, the temptation to 
criticize what one can’t understand. But it 
does not excuse such economists from 
reading any of the many semi-technical 
and non-technical surveys that are reg- 
ularly published in journals and books. 
Economics has few possibilities of con- 
trolled experiment. Empirical work must 
mostly proceed by means of statistical in- 
ference on data given by history. Such 
inference not only requires theory but pre- 
cise theory. It has been most successful in 
demand econometrics where the theory of 
choice caricatured by Eichner has been 
crucial. But it is a very difficult task and 
certainly we would not claim that the 
theory has watertight empirical support. 
To take another example ask how far high 
unemployment benefit is an important ex- 
planation of unemployment. One needs a 
pretty comprehensive theory of the eco- 
nomy and of individual choice before one 
can use such data as there are. The facts do 
not speak for themselves. Lastly it should 
be emphasized that a very large number of 
economists are engaged in empirical re- 
search. At the end of this we are left with 
an interesting question. It seems unlikely 
that Nature would have published an arti- 
cle in which, say, relativity theory had 
been attacked in way which made it ob- 
vious that the author had no glimmer of 
understanding of what the theory was ab- | 
out. Why is it that in subjects like econo- | 
mics any nonsense can get a hearing? 
Perhaps sociologists will have an explana- 
tion. EN. 
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: A 5-day series of two-dimensional velocity images of the Sun is analysed to yield frequencies of solar p-mode oscillatio 
-with degrees between 8 and 50, with all azimuthal orders for each degree. The frequency splitting between modes with ti 
Same degree and radial order is related to the latitudinal variation of rotation, averaged over a depth range that depen 


surface equatorial value. 


How the solar rotation varies within the Sun has a bearing on 
< Many important questions in solar and stellar physics. For 
example, the solar rotation profile is crucial for testing theories 
of angular momentum transport within the Sun and other stars’, 
current thinking relates the workings of the solar dynamo to the 
interaction between rotation and the solar convection’, the depth 
variation of rotation may reflect the history of mixing episodes 
within the core’. 
Measurements of solar oscillations*** have provided the first 
detailed information on rotation in the solar interior. Duvall 
vand Harvey” succeeded in measuring the frequency splitting 
= between prograde and retrograde sectoral oscillation modes 
{m = +l, where l is the degree of the mode and m is its azimuthal 
order) for degrees between 1 and 100. These measurements give 
a clear idea of the depth variation of the solar rotation, but only 
_ at low latitudes, as these are the latitudes for which sectoral 
_ modes have large amplitudes. The observational method of 
_ Duvall and Harvey uses an optical integration along one 
_ dimension of the solar image; it is thus impossible to extend it 
-tọ measure the frequencies of all m values for a given |. Full 
two-dimensional imaging of the Sun is necessary if one is to 
__ Measure modes of all angular degrees and orders: without such 
__ information one cannot infer the latitudinal variation of the 
_ rotation. 
| The Fourier tachometer”* (henceforth FT) is a new instrument 
_ capable of making two-dimensional velocity images with the 
< required precision and spatial resolution. I have used this device 
< to undertake a series of observations that reveal at least some 
_ details of the latitude dependence of solar rotation. 


_ Observations and analysis 

_ Observations were taken for typically 9.5 clear hours per day 
on each of the days 8-12 June 1984. The observational cadence 
_ yielded one velocity image of the Sun per minute, with an image 
scale such that each pixel of the 100x100 Reticon detector 
spanned 19.5 arcs on the solar image. Typical velocity noise for 
a single pixel in the centre of the disk was about 6ms"' for a 
60-s integration, or 15 cms”! for an integration over the entire 
solar disk. This is small enough to allow easy detection of the 
-mode oscillations, which have typical velocity amplitudes (for 
-a single mode) of 15 cm™' s. 

The data reduction first converted the raw velocity measure- 
< ments to properly oriented maps of velocity residuals, with all 
unwanted Doppler shifts of known form subtracted out (some 
sources of instrumental bias, solar surface rotation and limb 
redshift, corrected for Earth’s motion). Variations in the instru- 
ment’s velocity zero point during a day were typically 
2,000 ms~'. To remove these variations it proved necessary to 
subtract a least-squares fit quadratic form in the image coordin- 
es [effectively sin(latitude) and sin(meridian distance)] from 
data after all other reduction steps had been performed. 
This process destroyed the observations’ sensitivity to oscilla- 
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-von the degree. The observed splittings indicate that for 0.3Ro<r<0.7Ro, the solar latitudinal differential rotation is much 
smaller than at the surface (rotation roughly constant on spheres), and moreover that the rotation rate is close to th : 


= 0-1, and drastically reduced it for 7=2-3. These 














































reduction processes involved several interpolations to correct- 
for guiding errors and for errors in the solar position angle. 
These undoubtedly degraded the spatial resolution and added 
to the noise. Moreover, due to uncertainties in the instrumental. 
set-up, the correction for position angle (and hence the position 
of the solar poles within the reduced image) may have been in 
error by as much as 1°. After this stage of reduction, the residual 
velocity images had a typical r.m.s. velocity of 70ms7'. | 

The next step in the reduction was to apply spatial filters to 
the velocity residuals, producing the amplitudes in a spherical. 
harmonic expansion for each time step. This was done for all 1 
and m values for 0</< 50. Laax = 50 was chosen primarily to F 
limit computation time, as the spatial resolution of the data 
should allow measurements out to /> 100. The filtering method 
first interpolated the velocity measurements on to a grid of points. 
equally spaced in solar longitude and in cos@, where @ is the. 
co-latitude. Fourier transforming in longitude then yielded 
amplitude as a function of m and cos 0, and finally Legendre 
transforms in the latitudinal direction gave the desired ampli- 
tudes as a function of m and |. Although this filtering method | 
does not completely isolate the desired spherical harmonic from 
nearby ones with the same symmetry properties, it is probably 
only slightly worse than a truly optimal weighting technique. In 
the reduction of the June 1984 data, an error in the assignment 
of the radius of the solar image caused spatial filters that should 
have responded to spherical harmonics of degree | (the nominal 
degree) to respond instead to those of degree 1.03 L This also 
presumably increased the number of nearby spatial modes con- 
taminating the response. In what follows, the degree of observed 
oscillation modes will mean the nominal degree, uncorrected © 
for this scale error. | e 

After the spherical harmonic decomposition, the time series 
for each | m pair was Fourier-transformed and its power spec- 
trum computed. These power spectra (about 2,500) were the 
basis for the subsequent analysis. 


Observational results 


The most useful representations of the power spectra are m-v ` 
diagrams, which show power for modes of a given degree as a 
function of azimuthal order (m) and temporal frequency (r). 
A fragment of one such diagram is shown in Fig. 1. The principal 
features visible in Fig. 1 are narrow, parallel concentrations of 
power (‘ridges’), tilted with respect to the vertical axis. Each of 
these ridges corresponds to a multiplet of oscillations with 
particular values of radial order n and angular degree |, with 
azimuthal order m running from —/ at the top of Fig. 1 to at 
at the bottom. The ridges form broad clusters corresponding to 
different radial orders; in Fig. 1 the cluster below 2.9 mHz has 
n=13, and that near 3.0mHz has n= 14. The various ridges 
within each cluster result from the range of degrees to which 
the chosen spatial filter is sensitive, and from sidelobes resulting 
























from diurnal gaps in the times series. Each true feature in the 
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Fig. 1 


marks indicate the frequencies of oscillations with m = —/ for I = 22, 23, 24. The maximum velocity amplitudes represented here are ~10 cms . 


(1 day)~' = 11.6 wHz, as well as weaker sidelobes at multiples 
of this distance. In Fig. 1, the marked ridges correspond to the 
central lobes for |= 22-24. The intrinsic frequency resolution 
of the 5-day series is 2.6 Hz, but the apparent frequency width 
of the ridges is generally slightly larger than this. This additional 
width is mainly caused by interference from high-order sidelobes 
of other features in the spectrum; the effects of contamination 
from modes with neighbouring m values, additive noise, and 
finite mode lifetimes are probably less important for these data. 

The variation of frequency within a multiplet is mainly a 
result of the solar rotation, although magnetic effects may also 
be partly responsible’. If the solar rotation frequency Q (in 
cyclic units) were a function of radius alone, then the variation 
of frequency within a multiplet (as seen from the sidereal frame) 
would be given by 


v(n, l m)— x(n, 1,0) =—mQ (1) 


where Ĉ is an appropriate average of (r) over the depth range 
sampled by oscillations with the given n and l. Thus, in the 
simplest approximation the effect of rotation is to make the 
observed frequencies linear functions of m. In the presence of 
latitudinal differential rotation, the dependence of v on m 
becomes more complicated. If Q(r, @) is small enough for cen- 
trifugal and Coriolis effects to be ignored, and if variations of 
© with cos @ are negligible compared with those of Py’, then 
Cuyper’s results’ may be used to write 


ý i = | ,40)=- }]? 
v(n, i m)- vin, m fE [P (cos 0)]? d cos 0 


Because the integrals in equation (2) are symmetric in m, the 
frequency perturbations for slow rotation are always antisym- 
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Power (represented by intensity) as a function of temporal frequency for spherical harmonics with azimuthal order m, for a nominal 
degree | of 23. Degrees | =22 and | = 24 are also present, as well as frequency sidelobes arising from gaps in the observed time series. Tick 


metric in m. It also follows that the part of 2.(@) that is antisym- 
metric about the equator has no effect on the measured frequen- 
cies. In what follows, I will consider only the symmetric part 
of (6). An axially symmetric magnetic field such as that dis- 
cussed by Dicke'’ could produce frequency shifts that are sym- 
metric in m, as could rotation that is rapid enough for centrifugal 
effects to become important. Thus, information of several sorts 
may reside in the variation of v with m. 

The principal difficulty in determining v(m) for all degrees 
and radial orders is the very large number of oscillation modes 
that must be considered. Duvall and Harvey* measured positions 
for individual peaks in their power spectra. With the hundred 
or so spectra they had to work with, this was a major undertak- 
ing; with 2,500 it is infeasible. To reduce the labour of estimating 
frequencies, I adopted a cross-correlation technique. For each 
m-v diagram, I first constructed a spectrum averaged along a 
direction roughly parallel to the observed ridges. I then cross- 
correlated this average spectrum with the spectrum for each 
individual m value in turn, and adopted the position of the 
maximum of the cross-correlation as a measure of the frequency 
shift at that value of m. All cross-correlations were done over 
the v range from 2.58 to 3.41 mHz; this frequency range spanned 
4-6 different n values, depending on the value of l. 

The cross-correlation method just described is easy to imple- 
ment and has good noise-reduction properties, because all of 
the ridges in a given m-v diagram (including temporal sidelobes 
and unwanted values of /) contribute to the result. This feature 
has some serious drawbacks, however. Averaging over different 
values of n and l entails a loss of depth resolution. Also, for 
degrees near 40, the frequency spacing between adjacent degrees 
becomes comparable to twice the sidelobe spacing. Thus, signals 


Fig. 2 Theoretical frequency shifts (dashed lines) that would 
result if the surface latitudinal differential rotation were indepen- 
dent of depth. They are compared with the observed shifts (solid 
lines) for several values of the nominal degree. A linear trend 
corresponding to a solid-body rotation with O = 461 nHz has been 
subtracted from each curve. All observed curves are averages of 
three consecutive values of the nominal degree, centred on the 
indicated value, and all have been smoothed with a five-point 


running mean. 
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Fig. 3 Results of cubic fits to observed v(m) relations, shown as 
a function of nominal degree. The raw quadratic and cubic fit 
coefficients have been multiplied by / and [?, respectively, so that 
the displayed values depend only weakly on degree. The dashed 
line in the lower panel is the cubic value that would result if the 
surface latitudinal differential rotation were independent of depth. 


from adjacent degrees overlap and interfere in. unpredictable 
ways, adding significantly to the noise. Better data analysis 
techniques to be used in the future should eliminate the depth 
resolution problem, and minimize the importance of interference 
between adjacent degrees. As an interim measure, I suppressed 
obviously bad frequency measurements by applying a weighted 
polynomial fit to the data. A preliminary unweighted straight- 
line fit to the frequency shifts as a function of m provided an 
estimate of the standard error o of the data. I then performed 
a cubic fit to the frequency shifts, with each point assigned a 
weight proportional to exp —(6v/1.5 )*, where ôv is the 
difference between the measured frequency shift and the 
straight-line fit. In principle, it may be desirable to recompute 
o based on the cubic fit and then iterate the fitting process until 
the results no longer change. In practice, e was always substan- 
tially larger than the maximum contribution of the nonlinear 
terms in the fit, so iterating was unnecessary. 

Figure 2 shows several examples of this fitting process. Each 
of the panels shows v plotted against m/l averaged over three 
adjacent degrees, centred on the indicated degree. In each case,, 
the frequencies have been converted from the geocentric to the 
sidereal frame by adding 31 m nHz to the measured values, and 
a straight line corresponding to solid-body rotation at Q = 
461 nHz has been subtracted from the curves, emphasizing any 
differences between the observed rotation and that of a solid 
body. 461 nHz is approximately the observed rate of rotation 
of surface magnetic features at the. equator’*. The dashed lines 
indicate the frequency variation one would expect if the 
latitudinal differential rotation observed at the surface were 
present at all depths. Note that spherical harmonics with m = +] 
are concentrated near the solar equator, while those with m =0 
have largest amplitude near the poles: Thus, [v(J, -D — »(1, D}/21 
is largely a measure of the equatorial rotation rate, and —dv/dm 
evaluated at m =0 measures the rotation rate at high latitudes. 
The difference between these two values is a convenient para- 
meter describing the latitudinal differential rotation, and I will 
sometimes refer to this as the differential rotation rate. 

The most obvious feature of Fig. 2 is that the observed vari- 
ation of v with m is much more linear than one would expect 
from the surface rotation. To verify this impression, I have fitted 
cubics to the observed frequencies for all degrees between 8 
and 50. Degrees <8 are excluded because they have too few m 
values and too much noise to allow a useful fit. The dashed 
curves of Fig. 2 are well represented by cubics with no quadratic 
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Fig. 4 Comparison between frequency splittings for sectoral 
modes derived from the present work (small circles with error bars) 
and from observations by Duvall and Harvey (large dots with 
errors indicated by stippling). See text for a detailed comparison 


term; large axially-symmetric magnetic fields may produce 
quadratic terms in the m-v relation. Figure 3 shows both the 
quadratic and cubic terms in the fits plotted against degree, 
scaled to show 1/ times the contribution of each term to the 
frequency difference v{1, 1) — v(i, 0). Scaled in this way, the cubic 
coefficient corresponding to a particular value of the differential 
rotation is almost independent of | The indicated error bars are 
twice the formal errors associated with the fits; the factor of two 
reflects an estimate of the systematic errors in the cross-correla- 
tion analysis, based on the difference between results of the 
cross-correlation analysis and an interactive fitting procedure, 
which I tested on a small number of ridges. The dashed line in 
the lower panel of Fig. 3 shows the magnitude of the cubic term 
implied by depth-independent latitudinal differential rotation 
at the surface rate. The errors in Fig. 3 are large for degrees <10 
because the fits are made to relatively few measured frequency 
points. For degrees =40, the errors grow large because of the 
interference from adjacent degrees already mentioned. In view 
of the large formal errors (and probably larger systematic ones) 
for the higher degrees, the negative trend of the cubic coefficient 
above [=45 may well be spurious. On the other hand, there 
seems no reason to doubt the small magnitude of the cubic term 
for 15</< 40. Similarly, the large feature centred at /=11 is 
probably real; a close examination of the v measurements for 
degree 11 show nothing anomalous except the results of the fit. 

The quadratic term plotted in Fig. 3 is everywhere consistent 
with a zero result, although for degrees larger than 20 the values 
are amost uniformly positive. This positive bias probably results 
from systematic errors in the analysis, though some solar process 
might be responsible. 

A partial comparison between the observations reported here 
and the work of Duvall and Harvey* may be effected by summing 
the linear and cubic terms in the v(m) fits just described, and 
plotting the resulting values of [v(} =~) ~ v(, 1)]/21 as a function 
of degree. As the observations described here do not allow 
sufficient frequency precision when applied to single modes, 
this evaluation of the cubic fits represents the best available 
estimate of the equatorial rotational frequency splitting, stmulat- 
ing Duvall and Harvey’s results. Both data sets are plotted in 
Fig.4. The qualitative similarities between the two sets are 
striking. Both show a slow decrease in frequency splitting as / 
decreases from 40 to ~15, and both show a large and localized 
increase in the splitting near /= 11, followed by a sharp decrease 
at smaller degrees. The Duvall and Harvey data also show an 
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increase in the splitting for 1<6. Unfortunately, the poor 
frequency resolution of the current data set prevents a useful 
comparison of the results for these low degrees. 


Differences between the two data sets are also evident in 


Fig. 4. The clearest of these is that the splittings here are almost 
all larger than those from Duvall and Harvey, by an average of 
~10nHz. This is particularly true for degrees between 15 and 
25, where a clear dip in the Duvall-Harvey values is scarcely 
discernible in the current results. The high noise and negative 
trend of the cubic coefficients for !>45 are reflected in Fig. 4 
as well as in Fig. 3. Although not in clear disagreement with the 
Duvall and Harvey data, results for these degrees should be 
considered suspect. 

The splittings in Fig.4 may also be compared with those 
measured by Hill®. The latter exceed those shown in Fig. 4 by 
more than a factor of 3; this disparity can hardly be reconciled 
except as a misidentification of oscillation modes in one or both 
cases. However, pictures such as those in Fig. 1 seem to leave 


little room for mode misidentification in the Fourier tachometer ` 


data set. 


Conclusions 


Barring unexpectedly large systematic errors, it seems clear from 
Fig. 3 that for 15<1< 40 the cubic term in the m-~-v relation is 
smaller by a factor of 2-3 than one would expect if the surface 
differential rotation were present at all depths. Moreover, there 
is evidence that the cubic term decreases with decreasing degree. 
As | decreases, the oscillation modes penetrate deeper into the 
Sun; modes of degree 40 sample radii => 0.6 Ro, while those 
with degree 10 reach to ~0.3 Ro. Thus, the modes described 
here all penetrate at least to the bottom of the convection zone 
(assumed to lie at 0.7 Ro). I believe that the most likely interpre- 
tation of the data is that an appropriately weighted average of 
the latitudinal differential rotation rate from the surface to 
r=0.6 Ro yields about half the surface value;.averaging from 
the surface to r=0.4 Ro gives something less than one-third the 
surface value. An equally important point is that the decrease 
in differential rotation results mostly from an increase in Q at 
high latitudes, rather than a decrease at low latitudes. Thus, the 
current data suggest that Q at depth is more nearly constant 
with latitude than at the surface, and furthermore that Q at all 
latitudes becomes similar to the surface equatorial rate. 

The current data allow no strong statements about the vari- 
ation of differential rotation through the convection zone, as all 
available modes are influenced by the Sun’s outer layers in 
similar ways. However, the outer few per cent of the solar radius 
has a disproportionately large effect on the observed frequencies, 
because the low sound speed causes the pressure waves to spend 
a large fraction of their time near the surface. As the latitudinal 
differential rotation is large at the surface, the observed cubic 


term in the m-v relation may result almost entirely from a thin | 


surface layer, with the differential rotation small or absent 
through the bulk of the convection zone. I emphasize, however, 
that other interpretations are possible, and a definitive result 
must await better observations and a full analysis of the inverse 
problem. 

The anomalous behaviour near degree 11 is a clear exception 
to the trends just discussed. For /=11, the equatorial rotation 
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rate (as indicated by [v(1,-])— v(t, 1)]/22) is larger than for 
nearby degrees, while the polar rotation rate (indicated by 
—dv/dm at m=0) is smaller than for nearby degrees. The 
implied differential rotation is quite large, probably even larger 
than at the surface. Taken at face value, these facts suggest a 
shell of small radial extent near r=0.4 Ro, with its equator 
rotating rapidly relative to neighbouring shells, and its poles 
rotating slowly relative to its neighbours. How such a localized 
rotational feature could be produced or maintained is far from 
clear. Indeed, it might arise from some unidentified observa- 
tional error. An argument in favour of this possibility is that 
the internal error in the cubic fitting analysis for I = 11 is notably 
larger than for neighbouring degrees. Examination of the raw 
data shows that this error does not appear to be associated with 
a bad choice of fitting functions, but why the observational 
errors in this case should be particularly large is unknown. On 
the other hand, the appearance of large rotational splitting at 
I= 11 is common to both the current data set and that of Duvall 
and Harvey*. As the means used to obtain these two results were, 
quite different from one another, an observational cause seems 
unlikely. 

The quadratic term in the fit to v(m) can be used to set an 
upper limit to the axisymmetric magnetic field in the solar 
interior. From Fig. 3,‘the maximum magnitude of the quadratic 
frequency perturbation for [>8 is evidently about 10] nHz. 
Gough and Taylor’ computed the frequency changes caused by 
a particular magnetic field configuration similar to that suggested 
by Dicke'!. Using their results with geometrical factors appropri- 
ate to 1=9 yields a maximum field strength of 1-3x10’G, 


depending on whether the field is assumed to go to zero at 


0.7 Ro or at 0.3 Ro. The quadratic frequency shift computed in 
this way is negative, in contrast to the bias in the quadratic 
coefficient shown in Fig.3. This is perhaps another reason for 
believing that the apparent non-zero value for the quadratic 
term is spurious. 

Finally, the discrepancy of typically 10nHz between the 
equatorial rotational frequencies derived here and those repor- 
ted by Duvall and Harvey requires explanation. Three 
possibilities, in (rapidly) decreasing order of probability, are: 
(1) there are different systematic errors in the two analyses. In 
particular, the incorrect radius value used in the current analysis 
should cause one to underestimate m by ~3%. This leads to 
an overestimate of the frequency splitting by 3%, or ~13 nHz. 
Correcting this error should bring the two results into much 
closer agreement. Also, as mentioned above, the cross-correla- 
tion analysis used here yields results whose details should be 
considered suspect. (2) A cubic fit to v(m) may not be adequate. 


- A slow rotation zone, localized near the equator, could account 


for the observed disparity. Examination of curves like those in 
Fig. 2 shows no clear evidence for such an effect, however. (3) 
The solar rotation profile may have changed i in the year between 
the two sets of observations. 
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for careful reading of an early version of this paper. 
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A popular theory for galaxy formation holds that the Universe is 
dominated by exotic particles such as axions, photinos or gravitinos 
(collectively known as cold dark matter, CDM)'~*. This hypothesis 
can reconcile the aesthetically pleasing idea of a flat universe with 
the standard theory of primordial nucleosynthesis and with upper 
limits on anisotropies in the cosmic microwave background* °. The 
resulting model is consistent with the observed dynamics of galaxy 
clustering only if galaxy formation is biased towards high-density 
regions”. We have shown that such a biased model successfully 
matches the distribution of galaxies on megaparsec (Mpc) scales’. 
If it is to be viable, it must also account for the structure of 
individual galaxies and their haloes. Here we describe a simulation 
of a flat CDM universe which can resolve structures of comparable 
scale to the luminous parts of galaxies. We find that such a universe 
produces objects with the abundance and characteristic properties 
inferred for galaxy haloes. Our results imply that merging plays 
an important part in galaxy formation and suggest a possible 
explanation for the Hubble sequence. 

The morphology of most galaxies can be represented as a 
superposition of a rotationally supported disk and an ellipsoidal 
stellar system. The Hubble sequence classifies galaxies according 
to the relative importance of these components. Spiral bulges 
and faint ellipticals show substantial rotation, but most bright 
ellipticals rotate slowly’’. Further, ellipticals are found preferen- 
tially in regions of high galaxy density whereas spirals avoid 
such regions'’. Spirals are surrounded by unseen massive haloes 
which are responsible for the flat rotation curves of their outer 
disks’*; little is known about the mass distribution surrounding 
ellipticals. These systematic properties of galaxies and the 
associated characteristic scales are the least that any theory of 
galaxy formation should explain. Below we show that, at this 
level, a flat CDM universe provides an attractive arena for galaxy 
formation. 

In a previous paper’ we studied gravitational clustering‘in 
model universes dominated by CDM. We found that a flat CDM 
model matches the observed galaxy distribution quite well if 
galaxies are assumed to form only at high peaks of the initial 
density field. Several biasing mechanisms have been proposed 
to inhibit galaxy formation elsewhere!*"*; although none of 
them seems particularly compelling, the formation of dark 
haloes should not depend on details of the biasing mechanism. 
To study halo formation, we have used the techniques and 
assumptions of our previous work to simulate the evolution of 
a cubic region of present size 14 Mpc from a redshift of 6 to 
the present day. The characteristic length scale associated with 
CDM fluctuations is proportional to (QH 6) and their ampli- 
tude must be set by comparison with observations. Here and 
below we adopt H)=50kms—'Mpc™'; this scaling and the 
initial fluctuation amplitude that we use are taken from our 
previous models, which had 10 times the linear scale. While 
various choices of parameters are possible, our adopted values 
not only lead to acceptable clustering properties but are also 
compatible with constraints on microwave background 
anisotropies and the age of the Universe. With this choice, there 
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are no further free adjustable parameters in the present simula- 
tion. The model contains 2x 10'* Mo, which we represent by 
32,768 particles. In the real Universe such a cube contains, on 
average, about 2 galaxies brighter than M31 and 10 galaxies 
brighter than M33. Our code models the interparticle force 
correctly on scales larger than 107? times the side of the cube. 
This resolution limit corresponds to 2 kpc initially and to 14 kpc 
at the end of the calculation. 

The left-hand panels of Fig. 1 (labelled a) show the growth 
of structure in our model. By a redshift of 2.5, about 20 clumps 
with circular speeds exceeding 100 kms™’ have collapsed near 
high peaks of the initial linear density field. Of these, two have 
circular speeds >200 km s™*. These clumps are aspherical and 
centrally concentrated. Between z= 2.5 and the present, some 
of them remain isolated and accrete extensive outer haloes, 
while others merge into larger systems. Figure 1 illustrates the 
evolution of three large clumps: one forms by a complex 
sequence of mergers, another is a binary in the process of 


. merging at the end of the simulation, and the third evolves in 


relative isolation. The inner regions of the final systems are 
smooth and significantly triaxial; dynamical relaxation has 
effectively erased the structure of their progenitors. As a result 
of the large asymmetries present, these inner regions lose much 
of the angular momentum invested in the orbital motions of the 
subclumps to outlying material as substructure is destroyed. For 
example, the most bound 20% of the large cluster in Fig. 1b 
loses 70% of its angular momentum to the rest of the cluster 
between a redshift of 1 and the present day. 

Figure 2 shows the circular velocity (V,.) as a function of 
radius (r) for the 10 largest systems in the simulation at the 
present day. These curves are remarkably flat at large radii and 
resemble the measured rotation curves in the outer parts of 
spiral galaxies. Observed rotation curves remain flat to consider- 
ably smaller radii than we can resolve with confidence in our 
calculation. However, unpublished work by J. E. Gunn, J. 
Barnes, G. R. Blumenthal and collaborators has shown that 
inclusion of the gravitational effects of the galaxy forming at 
the centre of the halo can result in extension of a flat rotation 
curve to the inner regions of the galaxy. Leaving aside the two 
largest objects in the simulation, two systems have amplitudes 
similar to that of M31 and the amplitudes of the others range 
down to that of M33. Prior to merging, the members of the 
massive binary had flat rotation curves with amplitudes of 240 
and 260 km s~'; at the final time, their core regions have not yet 
coalesced. Their merged halo corresponds to the curve with an 
asymptotic velocity of 350 kms”! in Fig. 2; much of the binding 
energy of the remnant was invested in the initial orbit of the 
pair. The slow rise within 60 kpc and the large amplitude of the 
top two rotation curves in Fig. 2 are uncharacteristic of even 
the largest spirals. 

During the initial collapse of a clump, dissipative processes 
are likely to lead to the formation of stars in its densest regions 
on a dynamical timescale; this may result in a pressure- 
supported system similar to a spiral bulge, particularly if the 
clump has sufficient binding energy to prevent expulsion of gas 
by supernovae’”!®. Assuming 10% of the matter to be baryonic, 


‘ dissipative collapse by a factor of ~5 is required to obtain a 


2x10'° Mo stellar system with a half-mass radius of 3 kpc. In 
agreement with previous suggestions'”'®, we argue that disk 
formation is likely to occur during extended periods of quiescent 
evolution, when high-angular-momentum gas from the outer 
halo can settle into centrifugal equilibrium. For the haloes in 
our simulation, contraction by about an order of magnitude is 
necessary to reach centrifugal balance. Disk formation may be 
terminated or prevented altogether by merging of the halo with 
other large clumps; the resulting objects may resemble SO 
galaxies or faint ellipticals’?. Bright ellipticals, on the other 
hand, are more luminous than the bulge of any spiral and must | 
be formed in a different way. Formation by mergers can account 
both for their high luminosity and for their slow rotation. Thus, 
the large binary that merges near the end ofthe simulation can 
be interpreted as a pair of bright spirals in the process of turning 
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Fig. 1 (opposite) Evolution of a (14 Mpc)? volume of a flat CDM 
universe and of condensations which form 1n it. Time increases 
downwards in this figure. The upper, middle and lower sets of 
‘pictures are projections of particle distributions at redshifts of 2.5, 
1.0 and 0, respectively. The column labelled a shows the simulation 
as a whole, with positions plotted in co-moving coordinates; the 
region shown at the top of this panel is thus 4 Mpc on a side. The 
group-finding algorithm described in our previous paper’ was used 
to isolate groups at a density contrast of ~500 at the final tıme. 
Three such groups are indicated by arrows at the bottom of a and 
the positions of their members at this and at earlier times are shown 
in b-d, They correspond to the two most massive groups in the 
simulation and to a more isolated system. Physical (not co-moving) 
coordinates are used for these plots; tick marks represent 1-Mpce 
intervals. Note the different type of substructure present at early 
times in each of these groups. 


into an elliptical”. In the largest object, substructure grows and 
then merges too rapidly for large disks to form. However, the 
stars in the cores of the individual subunits are likely to merge 
into a single ellipsoidal system. The central regions of the merged 
halo show little rotation. If these formation paths are typical of 
ellipticals, our models predict that such galaxies should be 
embedded in very massive haloes. However, the rotation curves 
of our two examples rise sufficiently slowly that their dynamical 
effects would not be apparent. in stellar velocity dispersion 
measurements. Such haloes might be detected by X-ray observa- 
tions of the hot gas they contain. 

The mean density of our model is forced to be equal to the 
closure value; perturbations with a wavelength greater than 
14 Mpc are neglected. Such fluctuations are responsible for the 
formation of clusters and voids in the real Universe and will 
affect galaxy formation. In a protocluster region, objects of high 
mass will form more rapidly than in our model, and in a 
protovoid they will form more slowly. The bias required to 
reconcile a flat universe with observations of the galaxy distribu- 
tion must arise from a related modulation of galaxy formation. 
Merging and the tidal disruption of haloes occur most frequently 
in regions of high density. Thus, we envisage that bright and 
faint ellipticals will form predominantly in clusters, as is 
observed. 

The major uncertainties in the galaxy formation picture that 
we propose stem from our ignorance of how stars form. In 
particular, we cannot demonstrate that dissipation and angular- 
momentum transport will lead to stellar systems with the binding 
energy and spin of observed galaxies. Another important issue 
which our present simulation cannot address is the dependence 
on mean density of the rate at which substructure is erased”’. 
In our model, galaxy formation begins late in regions of typical 
density and continues until the present day. Observational 
searches for protogalaxies exclude a bright formation phase at 
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Fig. 2 ‘Rotation curves’ for the 10 most massive clumps present 
at the end of the simulation. For each object circular velocities 
( V.) were calculated as a function of radius (r) using V2= GM(r)/r 
where M(r) is the mass contained in a sphere of radius r centred 
on the densest region of the clump and G 1s the gravitational 
constant, ‘ 
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such recent redshifts?”, but may not be incompatible with the 
protracted formation process that we envisage. Haloes with flat 
rotation curves may be produced in various cosmological 
scenarios, particularly if the behaviour of small-scale fluctu- 
ations resembles the CDM model. However, our simulation 
demonstrates that a flat CDM universe which accounts for the 
clustering properties of galaxies on megaparsec scales can, at 
the same time, form haloes with flat rotation curves and ampli- 
tudes similar to those observed. In addition, the structure and 
evolution of clustering in such a universe suggests attractive 
explanations for the origin of the morphological sequence of 
galaxies and for the correlation of morphology with clustering. 
We thank the Royal Greenwich Observatory for computing 
facilities. G.E., C.S.F. and §.D.M.W. acknowledge a NATO 
grant for international collaboration in research. $.D.M.W. also 
derived research support from NSF grant AST-8352062. 
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Quasi-periodic millisecond oscillations in the X-ray flux of two 
low-mass X-ray binaries, GX5— 1 and ScoX-1, were recently repor- 
ted’ *. These quasi-periodic fluctuations are very similar to those 
observed in the soft X-ray flux of some dwarf novae in outburst". 
Guided by this analogy, we propose here that, as in the case of 
dwarf novae’, oscillations in low-mass X-ray binaries are caused 
by transient magnetic fields generated by turbulent dynamo action 


‘in the boundary layer and possibly in the corona of the accreting 


neutron star. The magnetic fields created in this way are too weak 
to channel the accreting material, but are strong enough to 
influence the heat transport in the neutron star corona and boun- 
dary layer and to cause bright spots with lifetimes of a few rotation 
periods to appear randomly on the neutron star surface. The 
rotation of this star’s outer layers, together with the appearance 
and disappearance of the spots at random azimuthal positions, 
then gives rise to oscillations with the coherence characteristics 
reported in the observations. 
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Exosat observations of GX5—1 show intensity-dependent 
quasi-periodic oscillations between 25 and 50 ms, with a coher- 
ence time of typically 5-10 cycles. The amplitude of these pulsa- 
tions is estimated to be ~8%. In the case of Sco X-1, the period 
varies between 100 and 200 ms, with a reported amplitude of 
~3%. These values can be compared with those observed in 
soft X rays in the dwarf novae SS Cygni and U Gem®, which 
are 10 and 30s, respectively, for the periods and ~15% for the 
amplitude, with a coherence time of a few cycles. The difference 
in the periods (two to three orders of magnitude) is obviously 
due to the fact that in dwarf novae, the accreting compact object 
is a white dwarf, while in low-mass X-ray binaries it is a neutron 
star, whose maximum allowed spin rate is much greater. 

Another common feature of both classes of object is that 
coherent oscillations are not observed. This implies the absence 
of a permanent magnetic field strong enough to form a magneto- 
sphere and channel the accreting material onto polar caps (that 
is, $10*G for a white dwarf and 510° G for a neutron star). 
The lack of observed coherent pulsations is a severe difficulty 
for models that seek to explain the quasi-periodic oscillations 
as a beat between the neutron star rotation frequency and the 
keplerian frequency at the magnetosphere’. 

It has been proposed’ that in the case of dwarf novae, the 
quasi-periodic fluctuations are due to transient hotspots at the 
surface of the differentially rotating external layers of the accret- 


ing white dwarf. In this picture, the period P represents the rate’ 


of rotation of the outer layers, and is determined by competition 
between accretion of angular momentum, and other torques (for 
example, viscous) linking the envelope to the core’. The hotspots 
are heated by conduction (along the magnetic field lines) of the 
energy dissipated in the boundary layer or a corona formed by 
thermal instabilities in this layer. The transient magnetic fields 
are generated by turbulent dynamo action in the differentially 
rotating outer layers of the accreting star. In this model, the 
magnetic field must have a minimum strength given by requiring 
that the Larmor radius of the electrons should equal their mean 
free path. This is smaller by many orders of magnitude than the 
field strength required to control accretion. There are obvious 
differences here from the earlier suggestions of Paczynski’®. 
While in ref.7 the magnetic fields are generated by surface 
dynamo action and thus transient, Paczynski assumes a per- 
manent field linked to the white dwarf core, so that it is difficult 
to find a natural explanation for the frequent losses of phase 
coherence. Further, in that model, dynamical modulation of the 
boundary layer flow is postulated as the mechanism for produc- 
ing bright spots on the stellar surface, rather than thermal 
conduction along field lines as in ref. 7. The model of ref. 7 can 
be naturally adapted to the case of a neutron star accreting from 
a disk; in the following, we shall use a different approach from 
ref. 7 in dealing with the dynamo problem. Our treatment is 
necessarily somewhat qualitative, as in particular a detailed 
investigation of the formation of coronae around non-magnetic 
neutron stars is required before quantitative estimates can be 
attempted. Our aim here is twofold: first to show that dynamo 
action is probable in the case of an accretion disk interacting 
with a non-magnetic neutron star, and second, to show that the 
main qualitative features of the observations do find natural 
explanations in our model. We outline briefly a possible observa- 
tional test of the model. 

In the boundary layer, the azimuthal speed varies from the 
keplerian velocity ~(GM/R,,)'/? at the inner edge of the disk 
(where M, R, are the mass and radius of accreting star and G 
is the gravitational constant) to the star’s spin velocity on a scale 
smaller than the stellar radius. Because of the high rate of shear, 
one expects the boundary layer gas to be very turbulent. The 
joint presence of turbulence and differential rotation is very 
favourable for dynamo action. In particular, this situation is 
likely to produce a so-called aw dynamo’, and we can use 
some of the results obtained by Pudritz'*’* in the slightly 
different context of thin accretion disks. Most of Pudritz’s 
approximations simply require the azimuthal velocity to be much 
greater than the inward drift speed (very small Rossby number) 
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and are valid in our case. Taking into account the differences 
in the geometry, one can estimate the characteristic magnetic 
Reynolds numbers to be 


2 1 = 
IFR and R,=MI A (1) 
where it is assumed that turbulent diffusivity dominates magnetic 
diffusivity. A is a parameter smaller than unity equal to the 
characteristic azimuthal velocity in the turbulent layer divided 
by the keplerian velocity vk; My is the turbulent Mach number. 

Dynamo action is possible if the dynamo number Ra Roe is 
greater than a critical value Rem. The computation of Rer 
requires a detailed knowledge of the structure of the turbulent 
layer; however, numerical and analytical computations usually 
give values between 5 and 100. Assuming here R,,,,~10, as in 
disks'*, implies Mach numbers sinaller than about 0.11 A'Z. 
Observations and models suggest that M; is in the range 0.1-1 
(see, for example, ref. 15); this is compatible with the-condition 
for dynamo action:to occur. 

According to Pudritz’’, the maximum field strength is given by 


B? 
= ~i MÌ Peas (2) 
7r 


where P,,, is the gas pressure. This is of the order of the 
fluctuating kinetic energy density. Even if the actual field were 
three orders of magnitude lower than Bmax, it would be strong 
enough to channel the heat flow conducted towards the star. 
The relevant timescale to establish the mean magnetic field in 
a dynamo action is tan ~My’ Av’ tg, where tk is the Kepler 
time. Since M;<0.11 A7"? for dynamo action to be possible, 
we have 

liyn = 808 ms (3) 


for a 1 Me neutron star, which is shorter than the observed 
periodicities as required for consistency of our model. It is not 
clear whether the mean field will be organized on very large 
scales (that is, ~R,,) or whether it will, as a result of magnetic 
flux expulsion and magnetic buoyancy, form a few smaller 
structures (as in sunspots, for example). In both cases, a rela- 
tively strong field will be present in the corona, whatever the 
ratio between the gas pressure in the corona and the magnetic 
pressure, and it will conduct heat from the corona to one (or a 
few) hotspots at the surface of the neutron star. 

In this picture, the main characteristics of the quasi-periodic 
oscillations of GXS—1 are explained in a natural way. The 
period is the rotation period of the spot(s) which emits the X-ray 
flux; the width of the peak in the power spectrum may be due 
to the fact that the spots are not always located at the same 
physical depth, and are therefore rotating at slightly different 
angular velocities. Finally, as in any model involving surface 
spots”’®, the tendency of the period to shorten as the luminosity 
rises results from the fact that the accretion torques increase 
with an increasing accretion rate, and cause a stronger differen- 
tial rotation of the outer layers of the neutron star. If one 
assumes, moreover, that the span of physical depths of the spots 
results from optical depth effects, then 60/1 is constant (where 
is the local angular velocity) and so the width of the peak 
in the power spectrum increases with Q and thus with increasing 
luminosity. The braking torque coupling the outer layers to the 
neutron star itself presumably varies with accretion rate, so that 
one can expect a more complex behaviour of the period in some 
cases, 

Low-frequency (~1 Hz) noise is a common feature in the 


` X-ray emission of all systems showing quasi-periodic oscilla- 


tions, with, however, differing dependences on the source 
intensity’"*. Surface spots at latitudes sufficiently high for them 
not to be eclipsed by the rotation of the neutron star would 
produce such noise, the lifetime of the spots giving the charac- 
teristic timestale. As the source intensity changes, the distribu- 
tion of surface spots with latitude must change. There will also 
be a tendency for enhanced Compton cooling of coronal loops 
at high intensity to reduce the efficacy of conduction, thereby 
decreasing the brightness of the surface spots. The observable 


`‘ 
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effects on the quasi-periodic oscillations and low-frequency 
noise then probably differ between sources depending on the 
inclination of the neutron star rotation axis to our line-of-sight. 
` In the framework of, our model, the neutron stars in both 
GX5-1 and Sco X-1 must be rotating at rates well below 
breakup (period ~Q.1ms). At typical accretion rates, 
~10~? Mo yr™', this requires the systems to have lived no more 
than ~10°* yr since the loss of any significant permanent magnetic 
. field on the neutron star, which would previously have prevented 
spin-up. 

A possible test of our model would be to try to measure the 
X-ray continuum spectrum of the quasi-periodic oscillations. 
This shouid be roughly black body and correspond to a radiating 
area somewhat smaller than the neutron star surface. 

-We thank Drs M. van der Klis, M. G. Watson and N. White 
and Professor J. Heyvaerts for helpful discussions. Dr N. White 
brought to our attention the importance of latitude effects. 
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A wide low-mass binary model for 
the origin of axially 
symmetric non-thermal radio sources 
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The extended non-thermal radio sources G357.7—0.1 and G5.3— 
1.0 in the galactic bulge have about the same energy content in 
the form of relativistic particles and magnetic fields as the brightest 
ordinary supernova remnants (original energy input ~10°°> erg), 
but differ from the latter in having a marked axial symmetry’”. 
Their surface brightness gradually fades away towards one end of 
the symmetry axis, and at the opposite end one finds a compact 
radio source. The recently discovered radio source G18.95 — 1.1 
(ref. 3) may belong to the same category. Helfand and Becker* 
have argued that these'structural properties can be explained most 
plausibly if these ‘remnants’ were produced by the ejection of 
matter with high kinetic energy by accreting binary systems at a 
rate >10°’ ergs” ', the ejection lasting for several times 10° yr 
while the systems were travelling through the interstellar medium 
with a speed of ~100 kms’. We show here that the only type of 
neutron star binary that can fulfil both the condition of longevity 
and of a continuous high-mass transfer rate is a relatively wide 
binary in which the companion of the neutron star is a low-mass 
giant, with an orbital period of the order of weeks to months. 
Binaries of this type are expected to resemble closely the eight 
brightest galactic bulge X-ray sources’® as well as the progenitors 
of the two wide radio pulsar binaries’’. 

The arguments for an accreting binary model are*: (1) The 
only known types of sources that can inject large amounts of 
energy into non-thermal radio shelis for an extended period of 
time are -young pulsars and accreting neutron star binaries. 
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(2) The linear extents of the radio remnants measured along 
the axis are ~20-30 pc. At a plausible speed of ~100 km s~‘ 
this requires >2-3 x 10° yr travel time. (3) The same amount of 
time is required to obtain their ~10°°° erg energy content from 
a young Crab-like pulsar or a neutron star accreting at the 
Eddington limit (both having dE/dt= 10" erg s~'). As the high 
energy-loss phase of a young pulsar ceases within ~10* yr after 
its birth, an accreting neutron star (or, possibly, a black hole) 
seems the only suitable candidate for providing the energy. (4) 
Those neutron-star binaries around which we infer the presence 
of relativistic particles (such as S8433 (ref. 10), Sco X-1 (refs 
11, 12), Cyg X-3 (ref. 13) and Cir X-1 (ref. 14)) have rates of 
mass transfer near or above the Eddington limit (megg = 1.5 x 
1078 Mo yr™'). (5) The presence of the compact radio source 
(of finite angular size) on the symmetry axis, which at least in 
the case of G5.3—1.0 is obviously connected to the radio 
remnant, suggests that continuous injection of energy and rela- 
tivistic particles may still be taking place (see also ref. 15). 

The possible absence of a strong X-ray point-source in or 
near the shells is not necessarily worrying, because in the case 
that the mass transfer rate exceeds the Eddington value, most 
or all of the X-ray emission may be blocked on its way towards 
us, by the excess matter which is piling up around the compact 
object, or in a thick accretion disk around this object. The energy 
generated by the accretion will then come out in other forms, 
presumably mostly as kinetic energy. Our example here is 58433, 
where the kinetic energy in the mass outflow at least equals the - 
Eddington luminosity, while on the other hand the X-ray point 
source of $S433 has an X-ray luminosity of only 10°° ergs‘, 
more than a factor of 10° below the Eddington value’®. 

In view of the arguments above, we adopt the accreting binary 
model and now examine which of the known types of accreting 
neutron-star binary systems can achieve a more or less con- 
tinuous near or super-Eddington-limit mass transfer rate for 
several hundreds of thousands of years. The three main types 
of accreting neutron star binaries known in the Galaxy are: (1) 
the massive X-ray binaries, in which the companion to the 
neutron star has a mass M,> 8-10 Mo: (2) the close low-mass 
X-ray binaries (orbital period <0.5 days), in which the com- 
panion to the neutron star is presumably an unevolved red 
dwarf; (3) the wider low-mass X-ray binaries (orbital period 
P 20.5 days), in which the companion to the neutron star is an 
evolved low-mass giant (<1.2 Mọ) and the mass transfer is 
driven by the internal evolution of this star. Examples of the 
last category are? Cyg X-2 (P = 9.8 days), 280921 — 63 (P = 8.99 


_ days) and GX 1+4 (P at least several months, as the optical 


star is a low-mass M6 IIIe red giant). 

The first two categories of systems are unable to maintain a 
high mass transfer rate for several times 10° yr, for the following 
reasons. The massive systems can reach a near- or super- 
Eddington rate only by means of Roche lobe overflow, which 
is, however, highly unstable as the mass transfer takes place 
from the much more massive to the less massive component, 
which causes the orbit to shrink rapidly’®'’. In these systems, 
the Eddington limit is reached in ~5x10* yr on average (at 
most 10° yr) beyond which the transfer rate will increase rapidly 
(10t yr) to ~10°*-107> Mo yr (see ref. 17) and a common 
envelope will form, presumably leading to rapid spiral-in of the 
neutron star and ejection of this envelope on a timescale ~10°- 
10* yr (refs 16, 18-20). In the close low-mass systems, where 
gravitational radiation losses and/or magnetic braking are 
driving the mass transfer, it is very difficult to obtain mass 
transfer rates =mMgaa without coming into serious conflict with 
the observed luminosity distribution of X-ray sources”"”*, This 
makes these systems improbable candidates for having produced 
the radio shells. : 

On the other hand, the third category of systems, consisting 
of a neutron star and a less massive giant, seems ideally suited 
for fulfilling the required conditions: here almost any rate of 
mass transfer m,, below or above the Eddington limit, can be 
achieved for long periods of time (ranging from ~10° to 10° yr, 
depending on the value of m,). The transfer rate depends mainly 
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Fig. 1 Evolution of the mass transfer rate m,, wind mass loss rate 

m,, from the giant, luminosity L and radius R of the giant, orbital 

period P and separation A, for a binary system that started out 

with He-core mass 04 Mo, Myan = Mo and a 1.4 Mo neutron 

star. The mass transfer lasts ~2.0 x 10° yr and has an average rate 

~1.3x107? Mo yr! (~10 Mgaa), so that 90% of the transferred 
matter is ejected from the system. 


on the initial orbital period and to a lesser extent on the initial 
mass and metal content of the companion’ ’. Moreover, the 
mass transfer, even if it is super-Eddington, never becomes 
unstable as the transfer takes place from the less massive to the 
' more massive component, which causes the orbit to widen. An 
additional merit of this type of binary model is that the location 
of the radio sources considered (near the galactic centre) is very 
similar to that of the bright galactic bulge X-ray sources, for 
which the model was originally devised and seems well estab- 
lished. 

For conservative mass transfer (with conservation of total 
mass and total orbital angular momentum) from a giant with a 
degenerate He core, the mean mass transfer rate (m,) is in lowest 
order approximation given by (see ref. 5): 


(ñ) =5.3 x 107 P [Mo yr] (1) 


where P is the initial orbital period in days. Equation (1) shows 
that to reach m,~ 3x 1078 Mo yr | (= 2mgaa), the required initial 
orbital period is ~60 days. The duration of the mass transfer 
phase is roughly M.,,,/m,, where Moav 0.7 Mo is the envelope 


Table 1 Mean mass transfer rate (7f), duration ty, and final orbital period Pan 
as a function of mitial (degenerate) core mass M, for wide binary systems initially 
consisting of a 1.4 Mo neutron star and a 1 Mo giant companion 


With mÈ - With m®/100 

Me P, mst {m} irL P, fin (mò frp P, fin 

0.30 65.01 2.4 (~8) 18 1 (6) 272 24(-8) 23.1 (6) 405 
040 450.6 13({-7) 2.03(6) 982 13{-7) 3.63(6) 1,335 
0.45 8520 23{~7) 0.86(6) 1,524 2.1(-7) 1.84(6) 1,897 
060 2,114 25(~7) 028(6) 2,994 20{-7) 1.30(6) 4,282 
0.70 3,921 4.0(~7) 0.086 (6) 4,844 30(-7) 066(6) 6,055 
0.80 5,822 5.5(-7) 0031 (6) 6,588 33({-7) 0.34(6) 7,432 
090 7,670 7.0(~7) 0010(6) 8,116 3.8(-7) 0.14(6) 8,531 


Pian 18 uniquely determined by M.» The degenerate cores with M,<045 Mo 
consist of helium, those with Mf, 2060 Mo of C and O The matter transferred 
in excess of the Eddington limit ıs assumed to leave the system with the specific 
orbital angular momentum of the neutron star. Mass transfer rates are in Mo yr, 
fp, in yr and P im days. Numbers in parentheses indicate powers of 10. 
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mass of the giant, which for m, = 2mgaa yields ~2 x 10’ yr. Giant: 
with a degenerate He core yield a maximum (m,) of ~10mgaa 
just before the ‘He flash. A higher m, (10-100m,,,) can bi 
reached by giants with a degenerate CO core. 

The conservative assumptions used in ref. 5 are probably no 
applicable to the case of very high mass transfer rates considerec 
here, as a considerable amount of mass (and angular momentun 
with it) is ejected from the system. We have therefore carrier 
out calculations of orbital evolution and mass transfer rate: 
similar to those in refs 5-7 for binaries initially consisting of : 
1 Mo giant, either with a He core of mass 0.3 Mo < M,<0.45 Mo 
or with a CO core of mass 0.6 Mo < M,<0.9 Mo, in which wi 
did not assume total conservation as in ref. 5, but allowed fo 
loss of mass and angular momentum from the system. We alsc 
included the effects of the mass loss due to the strong stella 
wind expected from the luminous’ giants considered here. A: 
we assume a jet-like ejection mechanism from the inner part: 
of an accretion disk, the mass which is transferred by Rochi 
lobe overflow in excess of Mgaa leaves the system with the specifi: 
orbital angular momentum of the neutron star. The stellar winc 
carries the specific orbital and spin angular momentum of thi 
giant. The method of calculation is based on the assumptior 
that the orbit evolves in such a way that the giant’s equivalen 
Roche radius remains equal to the radius dictated by its core 
mass. Together with our assumptions on, the way mass anc 
angular momentum are lost from the system, this uniquely 
determines the mass transfer rate as a function of time. Thi 
method is discussed in detail in ref. 5, so we shall not give 
detailed equations here but only list the M,-R and M,-L rela 
tions used, where R is the giant radius and L its luminosity 
For the He-core giants these were (with z = In (M,/(0.25 Mo))) 


in (L/ Lo) = 3.50+ 8.112 —0.6127—2.132° 
In (R/ Ro) = 2.53 + 5.102 — 0.052? — 1.7123 
and for the CO-core giants (with y = In (M./ Mo)) 
in (L/ Lo) = 10.227 + 2.057 y.—0.687 y? +2.282y° 
In (R/ Ro) = 6.771 + 1.290y —0.332y? + 1.920y? | 


Equations (2) are from ref. 5 assuming a Population I composi 
tion, since galactic bulge stars are known to have a rather hig] 
metal content, and equations (3) (S. A. Rappaport, M. de K 
and E.J.P. van den H.) represent a fit to the curves calculate 
in refs 23 and 24. For the mass loss im the giant wind we usec 
the expression by Kudritzki and Reimers”: 


m® =5.5x1073(R/Ro)(L/Le)(M/Me)"! Moyr™ (4 


We also did calculations with m, given by m=/100; an exampl 
of the results is given in Fig. 1, and all results are summarizec 
in Table 1. Although the lifetimes of the systems considerec 
here are shorter than those in ref. 5, these low-mass giant plu: 
neutron star binaries are still able to provide the high (super 
Eddington) mass transfer rates for periods >10° yr, and thu: 
can easily produce the radio sources. 

We conclude that the wide binary model gives a good agree 
ment with the present observations. Further work, especially : 
careful search for X-ray emission or detailed structure in thi 
compact sources, could yield more evidence in this direction. 

We thank Dr P. Shaver for stimulating discussions. Thi: 
research was supported by the Netherlands Foundation of Purr 
Research, ZWO, grant ASTRON 19-21-017. 
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Microbursts are believed to have been responsible for several 
aircraft accidents in recent years. We report here laboratory 
experiments which show that when a descending column of dense 
- fluid reaches the ground and begins to spread out horizontally, an 
_. intense vortex with a horizontal axis forms at the leading edge of 
_ the outflowing air. The intensity of this vortex results from the 
- increase in vorticity due to the rapid stretching of the length of 
the leading edge. The properties of such a horizontal vortex with 
_ its associated updrafts and downdrafts are consistent with those 
_ found in microbursts which are a severe hazard to aircraft when 
oe taking-off or landing. 
_ The crash of the TriStar on 2 August 1985 as it came in to 
te land at Dallas-Ft Worth has been attributed to a small but 
_ Intense thunderstorm outflow, called a microburst. Microbursts 
_. are produced by localized downdrafts of cold air which originate 
_ at high altitudes. The downdrafts are typically a few kilometres 
across, and can have vertical velocities >10 ms"! (refs 1, 2). 
_ When the downcurrent reaches the ground the air is diverted 
_. horizontally, rather like the water froma tap hitting a horizontal 
_. plate, producing a radial outflow from the centre of the down- 
-= draft. Horizontal winds of 20 m s™* are often produced by this 
E spreading flow. In the Dallas disaster, gusts of up to 80 m.p.h. 
(35 ms"') were reported at the time of the crash. These intense 
flows have quite short lifetimes (2-5 min) and produce rapid 
changes of wind-shear in a small region. 
A simple idealized picture of a downburst' * in the absence 
significant synoptic winds, is shown in Fig. 1. The depth of 
he outflowing cold air is typically several hundred metres, so 
hat an aircraft taking-off or coming in to land may fly directly 
‘Into an area of strong wind-shear. Observing an increase in air 
peed the pilot will decrease the aircraft’s forward thrust, and 
is believed that the aircraft may stall when it enters the 


ed 


inds associated with the radial flow. on the far side of the 
draft. 
Vith the high wind speeds involved, the parts of the leading 
edge of the cold air on either side of the downdraft will separate 
at, say, 40 m s™*, and so during the short lifetime of a microburst 
_ these fronts will be 7-10 km apart. A microburst is thought of 
as a localized disturbance at the leading edge of the downdraft; 
in the case of the Dallas accident it appears that the aircraft hit 
the ground a few hundred metres after entering the microburst. 
-To explain some of the characteristics of observed micro- 
rsts, we introduce some laboratory experiments dealing with 
3 spreading of dense fluid ina diverging radial gravity current. 
observations, described below, suggest that the lift reduc- 
rienced by the aircraft is caused by a strong wind-shear 
down raft produced by an vintens horizontal vortex, which 































of the cold air. The oPeunents preducs, both h qualitatively 






















Fig. 1 A simple idealized picture of the descent of cold air fron 
a thunderstorm. The hazard to aircraft is thought to be due to th 
variations of horizontal wind, The width of the descending. air i 
<4km, and the depil of the outflow along the ground | isa tow 

- hundred metres. te 










































Fig.2 The early Mapes in the development of a microburst. Most 

of the spreading mass of cold air is concentrated into an intense. 

leading-edge vortex. This is sometimes followed by a second vortex. f 
The scale is similar to that of Fig. 1. 


itself is intimately linked with the front of the expanding ri 
of cold air. The horizontal scale of this vortex is comparabl 
with the depth of the outflow and is much smaller than th 
overall horizontal extent of the cold air. A secondary vortex ca 
follow the first and it is the variability in lift produced by the 
air currents in these vortices that produces the serious hazard 
to aircraft. The location of these vortices is shown in Fig. 2. ` 
The outflowing cold air is an example of a diverging three 
dimensional gravity current. The flow is driven primarily by th 
buoyancy forces produced by the density difference betwee: 
the cold air and the warmer air surrounding it. In the case of à 
microburst, some of the initial horizontal momentum come 
from the momentum of the descending air. Recently, successfu 
numerical models of two-dimensional gravity currents a 
appropriate resolution have been run’. The essential feature o 
a microburst, however, is that the radially spreading outflow i 
three-dimensional. These flows have not yet been numerica 
modelled at a sufficiently fine scale in three dimensions and we 
turn to laboratory models for a description of the flow. | 
The flow is modelled in the laboratory using aqueous: sal 
solutions with different. densities to simulate the excess dens 






















Fig. 3 Sequential streak photographs of the collapse and spread 
of a volume of salt water into a sector-shaped tank containing 
fresh water. The flow is from left to right. Note how the downdraft 
at the rear of the vortex at the leading edge penetrates almost to 
the ground in c as the dense fluid collapses. The vertical struts are 
at 30, 60 and 90 cm from the starting end of the tank, which is a 
sector of 10° angle. The photographs were taken at 2-s intervals 
and g’=12cms *. 


quantitatively, the properties observed in two-dimensional 
atmospheric gravity currents**. They show that the leading edge, 
or head, consists of a series of Kelvin-Helmholtz billows with 
associated vortex motions. In a two-dimensional current, these 
motions are restricted to the upper half of the current and do 
not penetrate to the ground. 

An example of a rapidly spreading radial gravity current 
produced in the laboratory is shown in Fig. 3. In this case, there 
are two billows visible behind the leading edge, but in marked 
contrast to the two-dimensional current the billows temporarily 
occupy the full depth of the outflow. The vorticity in the billows 
has been increased by the radial spreading of the flow. This 
intensification results from the fact that the centre line of the 
vortex lies on a circle in plan view (Fig. 2), and so its length 
increases with time as the circle expands. Because the fluid 
volume in a vortex is (approximately) conserved, its cross- 
sectional area must decrease. Conservation of angular momem- 
tum about the centre line of the vortex then implies that the 
vorticity increases. The intensification is largest during the rapid 
expansion near the source and produces a leading-edge vortex 
which occupies almost the full depth of the dense fluid”. 

A further demonstration of the intensification of the vortex 
by this stretching is shown in Fig. 4, where a steady gravity 
current in a channel of constant width encounters a section with 
diverging side walls. Once the current enters the diverging part 
of the tank the vortex is rapidly intensified and it becomes 
virtually cut off from the following flow. This experiment 
confirms that it is the lateral divergence of the flow that causes 
the descent at the rear of the leading-edge vortex to extend to 
within a short distance from the ground. 

These experiments, although small-scale, have sufficiently 
high Reynolds numbers for viscous effects to be unimportant*”. 
The results agree with those obtained from larger-scale experi- 
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Fig.4 The behaviour of the leading edge of a saline gravity current 
as it is allowed to increase its width. The width of the tank increases 
from 10 to 20cm between the two white lines which are 30 cm 
apart. Upstream and downstream of this section the tank is of 
constant width. The front of a two-dimensional current is shown 
approaching the divergent part of the tank in a. Note how the 
leading-edge vortex has rolled up as the width of the front increases 
and it has reached almost down to the ground in b. The time 
interval between a and b is 5.7 s, and g’=14cms ~~ 


mental releases of dense gas in the atmospheric boundary layer 
in which, in relatively calm conditions, an intense leading-edge 
vortex was also observed.’ The laboratory results suggest that 
the leading edge will propagate at a speed U = 0.88(g'H)'’°, 
where g'=gAT/T is the reduced gravity associated with a 
temperature difference AT and H is the depth of the outflow. 
For a microburst with a temperature drop of 10K and H= 
500m, U =11 ms‘. This velocity is less than the speed of the 
observed flows which suggests that the momentum of the 
descending air contributes to the strength of the outflow. In 
addition, the circulation of the descending air may further 
increase the intensity of the leading-edge vortex. All experiments 
to date have been conducted with dense fluid released from rest, 
and this is an area where further research is needed. But we 
emphasize that the enhancement of vorticity by lateral diver- 
gence will still be present, and is likely to be a strong effect. 

The laboratory results (see Fig. 3) also show that the horizontal 
scale of the leading-edge vortex is comparable with the depth 
of the outflow (~1 km) and the velocities within it are of the 
order of the speed of advance of the leading edge (=20 ms‘). 
A similar strong vortex has been described in measurements of 
the leading edge of a large-scale downburst by Doppler radar’. 
It is the wind-shear and downdraft at the rear of this vortex, 
occurring relatively close to the leading edge of the outflow, 
that are probably responsible for the danger of flying through 
a microburst. 
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The western edge of the Pacific plate is marked by a chain of back 
arc basins stretching from the Aleutians, through Japan and the 
*hilippines to New Zealand. Most of the basins lie behind volcanic 

_ island arcs far from continents and are the result of extension of 

_ the oceanic lithosphere’. But the Japan Sea is bounded on one 

_ -side by continental crust (the Sikhote Alin and Korean Peninsula 

_ of the Asian continent) and on the other by an active arc with 

_» continental fragments. It can thus be said to be associated more 
__ with continental rifting’ than with oceanic processes. We report 
< here palaeomagnetic data from the Japan arc which indicate that, 

_> Since the early Miocene, north-east Japan has rotated counter- 

-clockwise through 47° around a vertical axis while south-west 
Japan has rotated clockwise through 56° (refs 5-8). We attribute 
this differential rotation, which took place concurrently between 
21 and 11 Myr ago, to the back arc opening of the Japan Sea? 
with a ‘double-door’ mode, that is, there are two fan-shaped 

_ Spreading basins facing each other. Such a fan-shaped opening is 
_ probably peculiar to the geological phenomenon of rifting of a 

continental fragment from thick continental lithosphere. 

: More than 200 oriented samples from 25 separate sites in 9 

areas between 38.2°N and 40.3°N were collected from the 

_ Palaeogene to middle Miocene welded tuffs in north-east Japan. 

«Tilting of the welded tuffs was identified by the orientation of 

_ eutaxitic structures. Their ages were determined by either K-Ar 

__ or fission track dating’, and the palaeomagnetic measurements 
_ were done at Kyoto University on standard 25-mm cores using 

a schonstedt SSM-1A spinner magnetometer. All the samples 

_ were thermally demagnetized by stepwise heating in a zero field. 

_. The stable end points obtained during the demagnetization runs 
Were used as the characteristic directions; statistical analysis for 

_ each site gave within-site circles of confidence with an average 
_.tadius (aos) of 4.0°. The tilting test was used to identify the 
-primary component from the characteristic directions. The data 
from four sites which displayed secondary magnetization were 

- excluded from further consideration. 

_ The remanent magnetization, after thermal demagnetization 

-and tilt correction of the welded tuffs with ages between 32 and 









‘ig. 1 Declination versus age for north-east ' 
apan (a) and south-west Japan (b). a, Both 

éan declination data of sites and rock units 

are shown. The declination error bars of rock 

<> unit means are the ags. @, Data with normal 

<; -~ polarity; O, data with reversed polarity. b, Only 
the mean declination data of rock units are 
shown after ref. 8. The declination error bars 
are the @gs. Shaded declination zones are the 
declination with the ass value of the mean : 
direction of the period between 21 and 32 Myr 
or north-east Japan and between 30 and 35 Myr 
: for south-west Japan. 
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21 Myr, was characterized by a westerly declination, with: 
direction of D = —4}.2°, I =56.5°, ag5=7.2°. The reliabil; 
the westerly direction was ascertained through the presence 
normal and reversed polarities. Tuffs aged between 14 a1 
11 Myr showed a northerly remanent magnetization (D 
~11.7°, I =60.5°, aos = 15.3°). : 
Figure 1 shows the declination plotted as a function of age 
The westerly declination of about 40° is maintained until 21 M 

then changes to northward by 11 Myr. Because the declinat 
values are obtained after tilt correction, the declination ch 
during the Miocene shows the counter-clockwise tectoni 
tion of the north-east Japan arc around the vertical axis 
The rotational motions of the north-east Japan arc ani 
south-west Japan arc®* are compared in Figs. 1 and 2. 
timing of rotation of both arcs is concurrent: the differ 
between the climaxes of rotation of both arcs is <N 
Differential rotation through more than 100° occurred betwe: 
the north-east and south-west Japan arcs during the middle 
Miocene (between 21 and 11 Myr). Ao 
The palaeomagnetic inclinations before the rotation of the : 
Japan arc (Fig. 2) suggests that north-east Japan, as is now the 
case, lay at higher latitudes than does south-west Japan, With 
the constraints that the declination of each arc before the rotation. 
should be parallel to the palaeo-meridian'® and that the margins 
of the rifted arcs are fitted to continental margins before drift 
(the 3,000-m isobath being used to define the continental margin 
of the northern part of the Japan Sea), we conclude that the 
north-east Japan arc rotated counter-clockwise about a northern 
pivot (146° E, 44° N) through 50° and the south-west Japan arc 
rotated clockwise about a southern pivot (129° E, 34° N) through » 
54° (Fig. 3). The opening of the Japan Sea can thus be described 
as a ‘double-door’ mode in which two oceanic basins, the south- 
west and north-east sub-basins, were created concurrently. The | 
opening mode of the south-west sub-basin is a typical fan shape _ 
because the spreading is associated with arc rotation around a a 
pole position close to the arc, But the rotation pole for north-east 
Japan is quite a long way from the arc, resulting in a more. 
parallel-sided fan shape for the north-east sub-basin. fs 
This fan-shape mode of back arc spreading is rare. The major 
spreading centres in the back arc basins of the western Pacific 
are parallel to the bounding arcs, notably in Shikoku, Parece 
Vela and Lau basins and the Fiji Plateau. A spreading basin 
with a fan shape similar to the Japan Sea has only been found. 
at the Balearic Basin in the Mediterranean'’. The Balearic Basin 
originated from the geological phenomenon associated with — 
rifting and migration of the continental fragment constituting 
the Corso-Sardinian block from the Eurasian continent!?. The 
fan-shape mode is presumably characteristic of the rifting of a. 
continental fragment from the mother continent. i 
The mode of opening seems to reflect the mechanical character 
of materials making up the lithosphere. The south-west and 
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South-west Japan 
Fig. 2 Palaeomagnetic field directions and 95% confidence limits 
“before rotational motion for north-east Japan and south-west 
Japan. Projections are equal area, solid symbols on the lower 
hemisphere, open symbols on the upper hemisphere. The data of 
north-east Japan have a period between 21 and 32 Mrs, while those 
< of south-west Japan have between 30 and 35 Myr. The mean 
< directions are calculated as the value at the representative points 
<. {(*) of north-east Japan (141° E, 39° N) and south-west Japan 
(134° E, 35° N), and the declinations of mean palaeomagnetic 
directions are indicated by arrows. 
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sition of the north-east Japan and south-west Japan arcs before 
the rotation at 21 Myr. b, Possible opening mode for the Japan 
_ Sea. North-east Japan rotated about a northern pivot (146° E 

44° N) through 50° and south-west Japan rotated about a southern 
- pivot (129° E, 34° N) through 54°. Both arcs rotated concurrently 
between 21 and 11 Myr. The clockwise rotation of south-west Japan 


sub-basin, while the counter-clockwise rotation of north-east Japan 
is due to a sub-parallel opening (a fan shape opening with a fairly 
parallel mode) of the north-east sub-basin. 








north-east sub-basins in the Japan Sea ; 


Fig. 3 Double-door opening mode of the Japan Sea. a, Palaeopo- | 


- js attributed to a typical fan-shape opening of the south-west 












continental side by the Korean Peninsula. and Sikhote Alin, 4 
respectively. A thickness of 300 km is expected for the lithos- 
phere under the Korean Peninsula, as the peninsula is part of © 
the Sino-Korean Precambrian shield™*, Since Sikhote Alin is- 
composed of Mesozoic and Cenozoic crust, the thickness of the | 
lithosphere under Sikhote Alin is presumably thinner than that - 
under the Korean Peninsula'*’®. On the other hand, a thickness — 
of <100km is estimated for the oceanic lithosphere of the — 
western part around the Pacific margin from the Rayleigh wave | 
study’. Thus the fan-shape mode forms as a result of the . 
rifting of the thick and ductile lithosphere. As the lithosphere.. 
is thin and brittle, the spreading mode changes from a fan shape, a 
through a sub-parallel to a et shape. À 
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illuminating conversations on A opening of the Japan Sea. Mr- 
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ation of this manuscript. 
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During the north-east rift eruption of Mauna Loa volcano, Hawai 
on 25 March-14 April 1984 (Fig. 1), microphenocryst contents 
erupted lava increased from 0.5 to 30% without concurrent chang 
in either bulk magma composition or eruption temperatur 
(1,140 + 3 °C). The crystallization of the microphenocrysts is inte: 
preted here as being due to undercooling of the magma 20-30 ° 
below its liquidus; the undercooling probably resulted from separ 
ation and release of volatiles as the magma migrated 12 km fro 
the primary summit reservoir to the eruption site on the north-eas 
rift zone. Such crystallization of magma during an eruption 
not been documented previously. The undercooling and crystal 
ation increased the effective viscosity of the magma, leading 
decreased eruption rates and stagnation of the lava flow. 
The 1984 eruption of Mauna Loa provided an exception: 
opportunity to observe the development of a large-volu 
basaltic a'a flow system for several weeks'. Similar large a’ 
flows were last erupted on Mauna Loa in 1950 (ref. 2), before 
the availability of helicopter logistic support, devices for accur- 
ate temperature measurement, efficient radio communication, 
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Fig. 1 Distribution of the 1984 flows, modified from tee 9, All 
~ flows in the summit caldera (Mokuaweoweo) and adjacent upper 


<<" north-east (NER) and south-west (SWR) rift zones were erupted 


during the first day of the eruption (25. March). PLR, Powerline 
road; TPR, tree-planting road. 


o abundant high-quality chemical data and other recent techno- 
logical advances in monitoring techniques. In contrast, recent 
a'a flows from Kilauea Volcano’? have lasted only 1-2 days, 
were fed at rates an order of magnitude smaller than the 1984 
Mauna Loa activity, and generally were inaccessible to observers 
except in vent areas and toes of flows (mid-zones are in heavily 
vegetated areas lacking helicopter landing. points). Recent 
< observations of flow dynamics at other volcanoes, notably Etna 
in Sicily and Arenal in Costa Rica", have also involved rela- 
tively small short-lived flows. 

The 1984 Mauna Loa eruption commenced at the summit 
caldera (Mokuoweoweo: 4,160 m), extended into the upper 
_. south-west rift zone, and then migrated along the north-east rift 
< zone to the 2,900-m level on the first day of the eruption. Activity 
_ during the remaining 21 days of the eruption was confined to 
__ lower vents on the north-east rift. The a'a flow system from the 
_ lower vents achieved a maximum length of 27 km within a few 
days of i inception of the eruption (Fig. 1): Total eruptive volume’ 
: was ~220 x 10° m’. Eruption rates were as much as 2.9 x 10° m? 
oh during the first 6h of the eruption, stabilized at 0.4-1.1 x 
- 10°m?* h™! for the next 12 days, and slowly diminished thereafter 
(Fig. 2). As eruption rates declined, the main 1984 a'a flow (flow 
1; Fig. 1) evolved from a simple narrow lobe with an efficient 
channel that delivered virtually the entire vent output to within 
. 1km of the flow toe, to an uprift-stagnating channel system 
=- characterized by levées, blockages, ponds and complexly 
oe branching overflows. 
_ These changes in eruption rate and flow morphology occurred 
< without significant variation in eruption temperature or lava 
composition, as documented by about 50 thermocouple determi- 
nations and 61 bulk-rock chemical analyses on vent spatter and 
channel lava. Temperatures of fluid lava remained within a 
narrow range of ~1,140+3°C, and lava compositions. were 
homogeneous virtually within analytical uncertainty (Table 1). 
he compositionally uniform 1984 flow is in marked contrast 















Mauna Loa rift eruptions’. 
The only detected change in the 1984 lava is a more than 
- $0-fold increase in crystallinity of quenched lava. Three distinct 
< textural populations of crystals are present: (1) sparse resorbed 
- phenocrysts or xenocrysts of magnesian olivine as much as 5 mm 
across, (2) dusty microlites <0.01 mm long, and (3) micropheno- 
crysts of augite, plagioclase and olivine commonly 0.05-1.0 mm 
ong. The sparse olivine phenocrysts, everywhere <0.5% of the 
ava, are interpreted as disequilibrium crystals that were present 
he summit magma reservoir before eruption. Microlites are 
sent in vent spatter and become increasingly abundant in 
ywn-channel samples; they record late groundmass crystalliz- 
yn of lava as it flowed down the channel. In contrast, the 
mic penociyets in quenched vent SAID pise increased 


























to lava erupted during Kilauea rift activity’®"! but is typical of. 
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Fig. 2 Interpreted cumulative volume of 1984 Mauna Loa lava 
versus time’. 


during the eruption from <0.5% of the lava during initial summit 
activity to as much as 30% during the waning eruptive phases: __ 
(Figs 3, 4). Microphenocryst size increased concurrently with 
abundance, although measurement precision is lower’. Micro- 
phenocryst size and abundance increased rapidly during the — 
first days of the eruption, slowed during the subsequent two _ 
weeks, and increased again late in the eruption (Fig. 4). The- 
pattern of changes in crystallinity is similar to that of eruption: — 


rates (Fig. 2); large changes occurred within a few hours after _ 


the beginning of the eruption on 25 March as the vents migrated 
from the summit to the 2,900-m level, but the abundance and 
size of microphenocrysts continued to increase after the main — 
vent site stabilized. These changes occurred in the lava before 

eruption, as documented by quenched spatter samples, but the 


same microphenocryst populations are readily recognized in 


down-channel. samples. despite additional crystallization of- 
microlites during surface flowage. 

Most microphenocrysts in the 1984 Mauna Loa occur as_ 
skeletal, intergrown and radiating blades and plates (Fig. 3), 
including elongate, cored and swallow-tailed shapes that are _ 
typical of rapid crystallization from undercooled liquids™ ae 
Such undercooled textures are especially prevalent in the. 
relatively phenocryst-poor lava of cory eruptive. eae; late 


Table t Chemical analyses (by X-ray fluorescence) of representative samples of i 
the Mauna Loa 1984 lava (Fig. 3), and averages and standard deviations for all- 
analysed samples 


Pema eracpmrcnmy AASEEEEAEASAAAAAEEDDAAAAA AANARAAAAA ala Lr RRR A RAAN irra errrtithhOhe- 


Average, sd. 

Date 25 March 25 March 29 March 14 April 61 samples... 

Time 0145 0515. 1750 0945 entire 

Sample no. MOK-1 NER-5 NER-12/23 NER-12/66 eruption 
SiO, 51.5} 51.56 541.71 $4.27 $1.54 .24 - 
TiO, 2,08 2.09 2.08 2.10 2.08 + .02 
ALO, 13.75 13.69 13.69 13.60 13.65% 07 
Fe,0,* 12.08 12.11. 12.17 12.08 12.07 = .06 
MnO 0.17 0.18 0,17 0.19 G.18 +01 
MgO 6.73 6.65 6.76 6.81 6.73 + .08 
CaO 10.57 10.55 10.57 10.43 10.50 + .06. 
NaO 2.56 2.42 2.56 2.45 2.54411 — 
K,O 0.385 0.383 0,391 0.381 0.3854 009 
P05 _ 0.24 0.25 0.26 0.24 0.24+ 01 
Total 100.13 99.87 


100.38 99.55 





* Total iron listed as Fe,0;, ne 
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eruptive phases have textures indicative of more prolonged 
equilibrium crystallization. We attribute the growth of micro- 
phenocrysts characterized by undercooled textures largely to 
separation of a gas phase during the eruption, not to a decrease 
in magma temperature. Observed eruptive temperatures 
remained constant throughout the eruption at 1,140+3 °C, 
which is 20-30°C below calculated liquidus temperatures for 
most phases at one atmosphere (olivine, 1,186 °C; plagioclase, 
1,169°C; and clinopyroxene, 1,146°C, all +15 °C; using the 
method of Nielson and Dungan'’). The observed magma tem- 
peratures would approximately coincide with the liquidus if the 
pre-eruptive magma contained 0.5-1.0% volatiles’®. About 0.3- 
0.5% pre-eruptive volatile content has been estimated from gas 
data for tholeiitic basalts from Kilauea Volcano'’, and ~1% 
volatiles for tholeiitic basalts in general”. 

The virtual absence of microphenocrysts in much of the early- 
erupted lava on 25 March, followed by increases in the number 
and size of quenched microphenocrysts (Figs 3, 4), suggests that 
the magma chamber below the summit was initially sufficiently 
pressurized by volatiles to lower the liquidus to ~1,140 °C and 
inhibit crystallization. With depressurization of the magmatic 
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Fig. 3 Photomicrographs of rep- 
resentative 1984 Mauna Loa lava, 
showing progressive increase in size 
and abundance of microphenocrysts. 
Fields of view ~1 x 1.5mm. Micro- 
phenocrysts are clear rectangles (cir- 
cular features are vesicular gas 
bubbles). a, 25 March, ~0145 h. 
Spatter from north-east side of 1949 
cone, at 4,040 m. Sample MOK-1. 
0.4% phenocrysts, 0.05mm in 
average length. 6, 25 March, 
~0515 h. Spatter from upper north- 
east rift, at 3,650 m. Sample NER 5. 
3.5% phenocrysts; 0.1 mm in average 
length. c, 29 March, 1750h. 
Pahoehoe from perched pond 
(2,820 m). Sample NER 12/23. 21% 
phenocrysts; 0.3mm in average 
length. d, 14 April, 0945 h. Channel 
overflow, near 2,870-m vent, Sample 
NER 12/66. 29.5% phenocrysts; 
0.6 mm in average length. 


system beginning at the onset of the eruption, separation of gas 
undercooled the magma without actually lowering the observed 
lava temperatures, thereby initiating precipitation of micro- 
phenocrysts. Degassing at the summit began at onset of the 
eruption and was later focused at the 3,300-m level, uprift of 
the active lava vents'*. Degassing to atmospheric pressure was 
nearly complete by the time that magma reached the eruptive 
vents, even for early erupted lava, as indicated by volatile 
analyses of spatter. 

Relatively minor undercooling can profoundly affect the 
nucleation and growth rates of crystals. At 20-30 °C of under- 
cooling, crystals in basaltic melts can grow to sizes of 1mm 
within periods as brief as a few hours*’*'. The only alternative 
to growth of microphenocrysts during the eruption—a zoned 
pre-eruption magma chamber—seems less able to account for 
the compositional uniformity of erupted lava or the undercooled 
quench textures. 

The volatile loss needed to initiate crystallization may have 
been small. Before eruption, basaltic magmas in the shallow 
reservoirs beneath the summits of Mauna Loa and Kilauea are 
believed to contain <0.2% CO,, 0.2-0.3% H,O and 0.1% S (refs 
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3A 3C 9p may be due largely to effects of undercooling and increasing 

438 | i crystallinity of the lavas. Increased undercooling and crystal- 

"30 oo linity would promote higher effective bulk viscosity and yield 


Total phenocrysts (vol%) 
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Fig. 4 Changes in abundance of microphenocrysts during the 
1984 Mauna Loa eruption. Numbers at the top refer to samples 
illustrated in Fig. 3. Data are based on petrographic point-counting 
of thin sections, except for visual estimates of 25 March samples 
containing only sparse small microphenocrysts (<0.15 mm in 
average length). Values are believed to be accurate to within 10%; 
a major cause of uncertainty is the presence of microphenocrysts 
smaller in diameter than the thin section (0.03 mm). All samples 
are quenched glassy spatter and channel overflows. O, Point count; 
@,, estimated. 


17, 22, 23). Because of their relative solubilities, S and CO,, but 
aot H,O, would have separated from the magma during transit 
«rom the summit reservoir, down the rift zone, to just below the 

vent. HO may have saturated and begun to separate only at 

depths as shallow as 100-200 m below the surface, if the rift 
magma was under lithostatic confining pressures. Although 
confining pressures within the upper kilometre or so of the 
fractured rift zones of Hawaiian volcanoes are unlikely to have 
een purely lithostatic, and at times approach atmospheric, these 
‘elations, nevertheless, cast doubt on the ability of H,O loss 
ilone to account for the undercooling and crystallization of the 
m984 magma. High flow rates of the rift magma, efficient degass- 
ng and rapid crystallization would be required, even if the 
sressure on upper parts of the rift conduit were atmospheric. 
Alternatively, the major loss of S, beginning at the summit 
‘eservoir may have played a significant role in initiating crystal- 


ization. Unfortunately, little experimental data seem to be . 


ivailable to permit the evaluation of the role of small amounts 
of S on liquidus temperatures of basaltic magma. 
Decreases in eruption rate, which characterize many basaltic 
ruptions, have been related to such factors as the release of 
“Mastic strain energy from magma stored in a subvolcanic reser- 
‘oir, availability of magma from depth during the eruption, and 
‘conduit evolution from dyke to plug geometry”. An additional 
actor that seems to have been important in the 1984 Mauna 
_6a eruption, and perhaps for others, is a change in magma 
~ aeology related to increasing crystal content of erupted lava. 
The increase in microphenocryst size and abundance (Figs 3, 
-) is roughly inverse to the decline in eruption rate (Fig. 2). The 
esulting increase in magma viscosity at the vent (10°~10° Pa)! 
vas probably a major cause of termination of the eruption and 
he uprift stagnation of the channel. At ~1,140 °C, the apparent 
iscosity of tholetitic basalt containing an equilibrium crystal 
ssemblage (~25 vol. % ) has been shown by field and laboratory 
1easurements on Hawaiian basalt”®’ to be about one order of 
nagnitude greater than an undercooled newtonian liquid lacking 
rystals. The changes in rheology, which are interpreted to have 
ccurred largely in the pre-eruption magma chamber and rift 
onduits of Mauna Loa, are broadly similar to effects on the 
maeology of basaltic lavas inferred to result from degassing 
uring eruption and downslope flowage”*. 
Deviations from simple correlations between length of lava 
ows’ and eruption rates” , demonstrated for Hawaiian flows”? 


strength i in basaltic flows, causing transitions.from pahoehoe to 
a'a and reducing the length of flows at any constant eruption 
rate. In contrast, eruption at liquidus temperature would pro- 
mote transportation of pahoehoe in lava tubes, permitting lon- 
ger-travelled lava flows. The rheology of lavas erupted as gas-rich 
foams (reticulite, in the case of Hawaiian basalts) that deflate 
during emplacement will be markedly different from that of 
degassed lavas; such contrasts may extend to highly silicic 
compositions*’. Proposed simple correlations of viscosity and 
yield strength of lavas with chemical parameters such- as silica 
content?’ are similarly imperfect**, perhaps due in large part to 
the complicating factors just listed. i 

Finally, note that the evolution of the 1984 flow system is 
similar in volume, duration and eruptive style to several previous 
historic (post-mid-nineteenth century) rift eruptions of Mauna 
Loa. Field and photogeological examination indicates that 
upslope stagnation of the distributary channel system character- 
ized many of these earlier events, including the 1852 and 1942 
flows that are adjacent to the 1984 flows. Sparse petrographic 
data indicate that other major historic rift flows (1843, 1926, 
1935, 1942, 1950; north-east rift samples collected by J.P. and 
G. Lockwood) show trends of increasing microphenocryst con- 
tents during the eruption. Particularly significant would be 
similar observations for prolonged summit eruptions, such as 
1940 or 1949, which could permit distinction between effects of 
depressurization of the summit reservoir, versus degassing along 
rift conduits. 

More observations are needed on the interrelations between 
gas content, crystallinity, eruption temperature and viscosity of 
erupting basaltic lava. Does development of lava tubes and 
jong-travelled pahoehoe require eruption temperatures near the 
one-atmosphere liquidus, or at least retardation of major degass- 
ing and attendant undercooling before eruption? If eruptions 
of undercooled lava, marked by increasing microphenocryst 


. populations, can be shown to generate a'a flows close to the 


vent, observations of lava temperature and crystallinity can have 
important implications for assessing volcanic hazards during 
the early phases of major basaltic eruptions. 


Received 26 April, accepted 12 August 1985 
$ i 

1 Lipman, P W & Banks, N G. US geol, Suro Prof. Pap 1350 (in the press) 

2 Finch, R H & Macdonald, G A US geol Surv Bull. 996-B (1953) 

3 Moore, R B etal J Volcan geotherm Res 7, 189-210 (1980) 

4 Ulnch, G E, Wolfe, E W, Hoffman, J P & Neal, C A EOS 65, 1130 (1984) 

5 Sparks, R S. J, Pinkerton, H. & Hulme, G Geology 4, 269-271 (1976) 

6 Wadge, G Geology 6, 503-506 (1978) 

7. Borgia, A, Linneman, S, Spenser, D, Morales, L D & Andre, J. B J. Volcan. geotherm. 
Res 19, 303-330 (1983) 

8. Cigolint, C, Borgia, A & Casertano, L J Volcan. geotherm. Res 20, 155-176 (1984), 

9 Lockwood, J P etal EOS 65, 169-171 (1985) 

10 Wright, T L & Fiske, R S J Petrol, 12, 1-65 (1971) 

11 Garaa, M O , Byers, C D, Wolfe, E. W & Rhodes, 3. M EOS 65, 1130 (1984) 

12. Rhodes, J M. J geophys ‘Res Suppl, 88, A869-A879 (1983) 

13 Walker, D R, Kirkpatrick, R J, Longhi, J & Hays, J F. Bull geol Soc. Am. 87, 646-656 
(1976) 

14 Lofgren, G E in Basaltc Volamsm on the Terrestnal Planets ay aie (Pergamon, New 

York, 1981). 

15 Nielsen, R L & Dungan, M A. Contr Miner Petrol. 84, 310-326 (1983). 

16 Yoder, H S & Tilley, C. E J Petrol. 3, 342-532 (1962) 

17 Greenland, L P, Rose, W I & Stokes, B Geochim. cosmochim Acta 49, 125-129 (1985) 

18 Haggarty, S E. in Basalttc Volcanism on the Terrestrial Planets 385-398 (Pergamon, New 
York, 1981) 

19 Casadevall, T, Krueger, A & Stokes, B EOS 65, 1133 (1984) 

20 Kirkpatrick, R J J geophys Res 81, 2565-2571 (1976). 

21 Kirkpatrick, R J Bull. geoi. Soc. Am. 88, 78-84 (1977) 

22 Greenland, L P , Okamura, A.O & Stokes,J B US geol, Surv Prof Pap 1350 (in the press). 

23 Moore, J G Am J Set 263, 40-52 (1965) 

24 Wadge, G J Volcan, geotherm. Res 11, 139-168 (1981) 

25 Moore, H J US geol. Surv Prof Pap 1350 (in the press) 

26 Shaw, H R. J. Petrol 10, 510-535 (1969) 

27 Shaw, H R, Wnght, T L, Peck, D L & Okamura, R. Am, J Sct 266, 225-264 (1968) 

28 Sparks, R S J & Pinkerton, H. Nature 276, 385-386 (1978) 

29 Walker, G P L Phil Trans R. Soc. A'274, 107-118 (1973) 

30. Maln, M C Geology 8, 306-308 (1980) 

31 Eichelberger, ) C & Westrich,H R. US geol Surv. Open-File Rep 84-939, 147-150 (1984) 

32 Hulme, G Geophys J R. astr Soc. 39, 361-383 (1974). 

33 Moore, H J, Arthur, D W G & Schaber, G G Proc. 9th lunar planet Sci. Conf. 3351-3378 
(1978) 


8 LETTERS TO NATURE 


Freshwater to marine-like environments 
from Holocene lakes in northern Sahara 


J. Ch. Fontes*, F. Gasset, Y. Calloté, J-C. Plaziat§, 
P. Carboneli|, P. A. Dupeuble{ & I. Kaczmarskat 


* Laboratoire d’Hydrologie et de Géochimie Isotopique, Université 
Paris-Sud, F-91405 Orsay Cedex, France 

' + Laboratoire des diatomées, Ecole Normale Supérieure, 

F-92260 Fontenay-aux-Roses, France 

+ Institut des Sciences de la Terre, Université d’Oran, Es Sénia, Oran, 

Algérie 

§ Laboratoire de Pétrologie sédimentaire et Paléontologie, 

Université Paris-Sud, F-91405 Orsay Cedex, France 

|| Départment des Sciences de la Terre, Université Bordeaux 1, 

F-33405 Talence, France 

1 Départment de Géologie, Université de Rouen-Haute-Normandie, 

F-76130 Mont-Saint-Aignan, France 


Continuous swamp and lacustrine sequences from the northern 
edge of the Great Western Erg are dated at 9,300-3,000 yr BP. 
Diatoms, ostracods, molluscs and foraminifera show great changes 
in salinity, ranging from freshwater to marine-like environments. 
The stable isotope composition of carbonates indicates that the 
evaporation of groundwater supplies is responsible for these fluctu- 
ations in salt contents. Until now, evidence for the occurrence of 
a wet climatic phase of early and middle holocene age in the 
north-north-west Sahara was based on a restricted number of “°C 
dates from scattered lacustrine deposits and paleosols'*. The 
present study complements this knowledge and highlights the 
importance of local hydrological factors in interpreting 
palaeolimnological changes. 

Stratified carbonaceous sediments lie in closed depressions 
of the hamada plateau. Some of them formed when dry valleys 
were blocked by the displacement of sand dunes in the Great 
Western Erg. At the present time, the water table of the aquifer 
is at about —50 m. The topography of the basins and the distribu- 
tion of lacustrine sediments rule out the possibility of a surface 
outlet even during the high stands. Water losses were thus due 
to evaporation and/or seepage through the lake floors. 

We summarize here the results obtained from dated strati- 
graphical sections (18 '“C dates) taken from three individual 
depressions (31°-32° N, 1°~2°30' E: Hassi el Mejna, Datet el 
Melah and Hassi Cheikh (Fig. 1). Supporting details, including 
percentage species, analyses, and isotope, data, will be given 
elsewhere. 

The accumulation of sediments is chiefly the result of chemical 
and biochemical precipitation of carbonates (calcite and 
aragonite; ~90%). The fraction =80 pm is composed of 
idiomorphic and hypidiomorphic rhomboedra (~10 pm) of low- 
magnesian calcite (scanning electron microscope and X-ray 
diffraction analyses), which is considered to be caused by inor- 
ganic crystallization. Aeolian quartz grains are always present, 
with rare feldspars and very small’ amounts of clay minerals. 
Quartz and opal from diatom frustules represent about 10% of 
the bulk sediments which may also contain gypsum. The absence 
of bed load particles shows that water was supplied through the 
aquifer or wadi underflows as well as through local rainfall. 
However, a possible surface supply bearing detrital’ materials 
may well have been prevented by the filtering effect of a dense 
aquatic vegetation belt. 

The excellent preservation of diatoms, ostracods and 
charophytes, the abundance of macrophyte remains, the pres- 
ence of juvenile gastropods and the frequency of connected 
valves of the mollusc Cerastoderma, all denote very stagnant 
waters and preclude the reworking of the organisms. 

The significance of radiocarbon ages obtained on lacustrine 
carbonates depends on the extent to which the total dissolved 
inorganic carbon (TDIC) reflects the “C content of the atmo- 
spheric CO, during precipitation. The radiometric age is con- 
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Fig.1 Location of stratigraphic sections. 1, Hassi el Mejna; 2. 
Hassi Cheikh; 3, Datet el Melah. 


sistent when the TDIC is in equilibrium with the atmosphere, 
or when it is generated through the oxidation of recent organic 
matter. However, when a lake is supplied with TDIC by an 
aquifer or through a rise of deep-water CO,, the apparent age 
may be much older than the true age. Difficulties arise in inter- 
preting the mixture of different sources of carbon or partial 


_ reequilibration with the atmosphere’. In our case, most of the 


dated samples could well include a quantity of old carbon since 
the lakes were supplied by groundwaters which may have been 
very old'’°. However, the radiocarbon ages of samples with °C 
content (+1 to +3%) in or close to equilibrium with atmospheric 
CO, are consistent with those given by samples with much lower 
3C contents. Therefore, despite the fact that limestones occur 
in the Atlas watershed, we assume that all radiocarbon ages 
should be considered significant. 

The inorganic calcite is depleted in '*O (up to 4%) with respect 
to coexisting molluscs (Fig. 2). This reflects an early stage of 
evaporation of discontinuous freshwater inputs rather than devi- 
ation from thermodynamic conditions, induced by a ‘vital 
effect’! Evaporation led first to calcite crystallization. A rapid 
concentration in '*O then occurred while the molluscs secreted 
their shells. This indicates shallow waters and implies wide 
variations in salt content. The frequent juxtaposition, within a 
given level, of organisms which differ markedly in their salt 
requirements further attests to environmental instability. Both 
freshwater organisms and species usually found in marine 
coastal environments commonly occur in the same levels. The 
absence of saline regulation indicates that the rate at which salt 
was concentrated through evaporation was greater than the rate 
at which it was eliminated by seepage through the lake bottoms. 
However, the floor of the depressions comprises permeable 
sands. The poor drainage therefore reflects a water table close 
to the surface or intersecting it. 

Besides the individual or seasonal episodes of freshwater 
input and subsequent evaporation, the studied profiles show 
different major tendencies and long-term fluctuations. 

In the section of Hassi el Mejna (Fig. 2), ~4 m of lacustrine 
and swamp deposits lie on aeolian sands. 

From 9,300 to <7,240 yr BP (samples 1012-1025), the carbon- 
ates display an apparent sedimentation rate of 0.8 mm yr™. Amm 
the base (samples 1012-1016), the diatom assemblages are rick» 
in mesohalobous species (for example, Cyclotella caspia, Cym 
bella pusilla, Nitzschia elegantula). The presence of ‘marine’ 
forms (such as Navicula zosterétii) shows that the salinity was 
sporadically close to 35%. The gastropod Hydrobia’* and the 
monospecific ostracod population of Cyprideis gr. torosa’ 
reflect euryhaline conditions. The high '*O ‘contents (+1.27 tc 
+3.58%) show that the salinity is a result of the evaporation o' 
solutions within the basin rather than the leaching of salts. These 
could easily be regarded as marine values. The 1°C contents ars 
low, indicating that CO, was not a major factor in the calco 
carbonic equilibria as it is in marine environments. Biologica 
activity was the major source-of dissolved carbon. Water 
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Fig.2 Hassi el Mejna; changes in stable isotopes and fossil assemblages. Lithofacies: 1, sand; 2, stratified lacustrine carbonates; 3, traces of 
vegetation; 4, gypsum; 5, gastropod shells; 6, Cerastoderma (bivalve). Stable isotope content, measured on: 7, mineral fraction =80 um; 8, 
charophytes; 9, gastropods; 10, Cerastoderma. Diatoms: 12, oligohalobous species known from fresh water only (Cymbella laevis, C. kapii, 
` C. microcephala, C. cesatii, Gomphonema spp., Synedra ulna); 13, taxa usually found in coastal marine environments (Amphora arcus v, sulcata, 
Actinocyclus subtilis, Mastogloia aquilegia, Mastogloia baltica, Mastogloia braunii, Navicula pseudocrassirostris, Navicula zosteretit, Entomoneis 
decussata, Cyclotella stylorum, Synedra tabulata +v. Synedra pulchella), 14, Amphora tenerrima, a diatom from marine and meso- to hyperhaline 
environments; euryhalobous, mesohalobous and halophilous are excluded from the diagram. Chrysophyte content (given as the ratio of the 
number of Chrysophyte cysts to diatom valves), an additional index of freshwater environments. Ostracod assemblages: assemblage 1: Cyprideis 
gr. torosa, Candona gr. neglecta, Cypridopsis spp., Darvinula spp.; assemblage 2, as for assemblage 1+ Limnocythere sp.; assemblage 3, Cyprideis 
' gr. torosa; assemblage 4, Cyprideis gr. torosa, Loxoconcha elliptica. 


remained stratified. From samples 1016 to 1023, a clear dilution 
is revealed by the increasing percentage of oligohalobous 
diatoms (for example, Cymbella laevis, Cymbella kapii). The 
abundance of epiphytic diatoms suggests the development of a 
dense aquatic vegetation. Freshwater gastropods’* (Planor- 
bideae with thin shells) replace Hydrobia. The ostracod fauna 
consists of the eurytopic Cyprideis gr. torosa (dominant) which 
is associated with the freshwater species Candona gr. neglecta, 
Cypridopsis sp. 1, sp. 2, Darvinula sp. 1, sp. 2, and with the 
alkaliphilous Limnocythere sp. in samples 1021-1024. This dilu- 
tion is also supported by lower tO contents (—2.34, —1.47%). 
The ?C contents increase because of a stronger influence of 
atmospheric CO,. This may be the result of several factors: the 
lower production of biological CO, higher pH, better-mixing, 
higher residence time or shallower water. In samples 1024 and 
1025, freshwater diatoms and molluscs tend to disappear 
although ostracod assemblages and 1O contents still reflect 
rather dilute conditions. After sample 1025, a desiccation is 
suggested by the intercalation of a thin gypsum layer, the disap- 
pearance of several diatom species (for example, Synedra filifor- 
mis, Cyclotella stylorum) and by the drop in the apparent 
sedimentation rate between samples’ 1025 and 1027 
(0.3 mm yr~). 

From >6,200 to 4,500 yr-BP (samples 1026-1029), an environ- 
mental evolution very similar to that observed in samples 1012- 
1025 is shown by the successive diatom assemblages, fauna 
communities and stable isotope compositions. The maximal 
dilution appears in samples 1027 and 1028. 

Between <4,500 and 4,000 BP (samples 1030-1039), a drastic 


change occurs in the hydrological balance, and leads to an 
increase in salinity. ‘Marine’ diatoms (such as Entomoneis 
decussata and Actinocyclus subtilis) and Amphora tenerrima, 
which tolerates: hyperhaline environments, become pre- 
dominant. The ostracod assemblage with Cyprideis gr. torosa 
and with the thalassic form Loxoconcha elliptica reflects meso- 
haline to hyperhaline conditions. The mollusc Cerastoderma 
glaucum appears in sample 1035 and is followed by Pirenella 
conica, never previously recorded at such a distance from the 
marine coastline. Foraminifera (Ammonia tepida) are present 
in sample 1039. At this point, 1O and °C contents reach their 
highest values (+3% and 4.48%, respectively). The unexpectedly 
high °C value recorded in Cerastoderma glaucum (+4.48%: 
+2.7% after appropriate normalization’) reflects that of the 
total dissolved inorganic carbon, given that Cerastoderma 
secretes its calcite at or close to equilibrium with the TDIC”. 
This may be a result of methane formation in stratified waters 
with a reduced environment in the bottom sediment, or of cool 


conditions. 


Carbonate deposits (~1.5 m thick) found in the section of 
Daiet el Melah include numerous shelly levels, dated between 
7,400 and 5,400 yr BP. Towards the centre, the depression is 
occupied by concentric layers of evaporites (gypsum and halite) 
which mark the regression stage(s) and confirm that vertical 
permeabilities are low. At their base, the sediments contain 
freshwater charophytes, euryhalobous gastropods (Hydrobia 
and Melanoides tuberculata) and a mesohalobous ostracod com- 
munity (Cyprideis gr. torosa, Loxoconcha elliptica) which is 
constant throughout. Evaporation was moderate (180 contents 
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+0.55, +0.88). Increasing salinity is then documented by the 
appearance of the thalassic molluscs Cerastoderma glaucum and 
Pirenella. The top layer contains two highly euryhalobous species 
of foraminifera Ammonia tepida (about 95%) and Trichohyalus 
sp. aff. aquayoi. Oxygen-18 contents are high (+3.06, +3.16). 
The salinity was close to that of sea water. Carbon-13 values 
indicate that the environment was influenced by biogenic CO, 
at the base and tended to equilibrate with the atmospheric 
reservoir of CO, towards the top. 

In sections of Hassi Cheikh, shell-rich sediments are available 
from several small outliers (~40 cm thick). Four are dated at 
3,280-3,080 yr BP. Despite this narrow time span, large fluctu- 
ations of environmental conditions can be observed. In one 
outcrop, brackish water diatoms (Campylodiscus clypeus, Ach- 
nanthes grimmei) and even ‘marine’ species ( Navicula pseudo- 
crassirostris) coexist with oligohalobous taxa (Cymbella micro- 
cephala, Achnanthes minutissima, Cocconeis placentula) and 
become -dominant towards the top. Molluscs (Bulinus) are 
limited to juvenile forms, suggesting an environmental instability 
which may have inhibited their full development. The presence 
of a monospecific population of the mesohalobous ostracod 
Cyprinotus sp. seems to imply that salinity is responsible for 
such an inhibition. The '*O content of the inorganic calcite 
remains low (—3.69 to —3.01). These features may be accounted 
for in two ways: either sporadic supplies of very fresh waters 
which evolved rapidly through the evaporation of shallow water, 
or supplies which dissolved a preexisting crust of salts left behind 
after the previous flood had evaporated. 

Very low salinities prevailed during the deposition of two 
other synchronous outcrops. Diatom ‘assemblages (with fresh- 
water epiphytes dominant), mollusc fauna (Bulinus truncatus, 
Gyraulus sp. aff. ehrenbergii and Biomphalaria sp. aff. sudanica) 
and charophytes are indications of oligohaline swamps with 
dense vegetation. As expected, the '8O content of inorganic 
carbonate is low (—4.96 to —1.21). The °C content (—1.18 to 
+1.87) indicates a predominance of the atmospheric control of 
TDIC, that is, well-mixed waters and low primary production. 

Deposits from Hassi Cheikh exhibit the lowest recorded 
salinities. However, no aquatic environments were previously 
reported at this latitude around 3,000-3,200 yr BP, which was 
regarded as an arid period". 

The study area is located more than 500 km from the coast 
at an elevation of about 500 m. Obviously, any marine intrusion 
in this region during the past 10,000 yr is excluded. However, 
the deposits have fossils and stable isotope contents which, had 
they been found elsewhere, might have been attributed to marine 
environments or to coastal lagoons connected with the sea. We 
have shown that it is possible for an initial freshwater supply 
to evolve and mimick marine facies when the evaporation makes 
the salinity increase up to marine values. The biotopes are readily 
colonized by euryhaline and possibly stenohaline ‘marine’ 
organisms after being transported stage by stage through 
environments with differing physicochemical properties, thus 
leading to ecological selection. Caution is therefore essential 
when invoking connections with the marine domain from the 
occurrence of such ‘thalassic’ or ‘thalassoid’ ecosystems. 

Agreement between the fossil (especially diatom) and stable 
isotope data allows palaeoecological and palaeohydrological 
reconstructions, but ecological facies cannot be taken as direct 
stratigraphic or palaeoclimatic indices. There ‘is no clear syn- 
chronism between either the salinity maxima or the freshwater 
stages observed in the different basins. For instance, marine-like 
conditions occurred at about 5,400 BP at Dalet el Melah, at 
which time rather dilute waters occupied the Hassi el Mejna 
basin. The reason for these discrepancies is that environmental 
status is here controlled by the local water and ion balances 
(ratios between input, evaporation storage and seepage) rather 
than by climatic fluctuations which would imply synchronous 
changes at the regional scale. 

For approximately 6,000 yr (9,300-3,000 yr BP), sporadic sup- 
plies of dilute solutions occurred in these basins in the form of 
groundwater floods generated by local rain and/or wadi under- 
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flows. The freshwater inputs underwent various stages of 
evaporative concentration. 

These water supplies document the occurrence of a general 
humid episode in the northern Sahara during early and middle 
Holocene’*'*. After 3,000 yr BP, groundwater fell to its present 
level as a consequence of overall! climatic desiccation. 
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and R. D. Catani for editorial help. 
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Analyses of well-preserved plant remains from ancient packrar 
(Neotoma) middens have yielded much information on the history» 
of vegetation, fauna and climate from the more arid portions o' 
North America over the past 40,000 years’. In most of the moderi» 
deserts, woodland or forest communities were present during th 
last glacial age, the Wisconsin. Radiocarbon dating of packra 
midden assemblages from a single cave or from several near 
sites in a homogeneous local area can yield a detailed, loca» 
vegetation chronology for many thousands of years from withi: 
30-50 m on the rocky slopes in front of the dry rock shelters” 
The development of radiocarbon dating using the tander 
accelerator mass spectrometer (TAMS) allows direct dating c 
very small samples. Here we present 20 examples of TAMS 
radiocarbon dates on packrat midden materials to illustrate the!» 
usefulness in testing anomalous mixtures of species in Ice Ag 
communities, understanding the details of plant migrations, an 
refining Wisconsin and Holocene time boundaries based on rang 
changes of important plant species (Table 1, Fig. 1). 
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Table 1 Accelerator and standard radiocarbon dates on packrat midden fossils 
County, Elevation Laboratory No. Date 
Sample State” (m) TAMS _ standard Material dated (yr BP) 
Contamination by younger material 
1. Ladder Cave 2B White Pine, NV 2,860 AA-7T76T ° Rhus trilobata seeds, twigs 8,810+420 
A-2092 17,960 + 1,100 
2 Nankoweep 9D Coconino, AZ 2,060 AA-7657 Agave utahensis seeds 9 520+ 360 
A-1965 Pinus flexilis needles 23,385 +770 
3 Shafter 1B Presidio, TX 1,310 AA-4307 Castela stewarti seed 11,460 + 420 
A-1581 Juniperus sp twigs 15,695 + 230 
4. Navar Ranch 5 El Paso, TX 1,340 AA-381T Fouquteria splendens thorns 4,200 + 600 
A-2934 Quercus pungens acorns 7,950 + 330 
5. Castle Mts 2C Pima, AZ 790 AA-773T Carnegiea gigantea seeds 5,630+470 
A-2016 Juniperus sp twigs 25,210 + 1,600 
Contamination by older material 
6 Redtail Peaks 1 San Bernardino, CA 520 AA-3807 Pinus monophylia needles 11,360 + 500 
A-1668 Juniperus californica twigs ‘ 9160+170 
A-1580 Juniperus californica twigs 8,910 +380 
7. Ernst Tinaja 1 Brewster, TX 810 AA-771T Pinus remota needles 17,900 + 800 
Z A-3125 Midden debris 7,820 +220 
A-2964 Neotoma faecal pellets 8,560 + 380 
8. Tinajas Altas 16A Yuma, AZ 380 AA-780T Juniperus californica twigs 18,5304 1,070 
A-3521 Neotoma faecal pellets 7,860 + 100 
Animal remains 
9 Quade Clark NV 1,060 AA-782 None Ochotona pellets 14,300+ 800 
Other small samples 
10 Tank Trap Wash 1:1 EI Paso, TX 1,340 AA-1162 Juniperus sp seeds 42,000 + 3,600 
~2,500 
A-1723 Juniperus sp. twigs >35,000 
11 Brass Cap Point 2 Yuma, AZ 550 AA-574 None Casteia emoryt seed 9.7504 470 
12 Tinajas Altas 15A(L) Yuma, AZ 550 AA-452 None Pinus monophylla needles 15,680 + 700 
13. Butler Mts 3B Yuma, AZ 240 AA-770 None Juniperus californica seeds 11,060 + 300 
14 Butler Mts. 3A Yuma, AZ 240 AA-769 None Larrea divartcata twigs 11,250+ 410 
15 Navar Ranch 1BO El Paso, TX 1,430 AA-772 Bouteloua curtipendula spikelets ` >30,000 
A-1644 Juniperus sp. twigs >34,000 
16. Baby Vulture Den 5B(2) Brewster, TX 680 AA-382¢ Prosopis glandulosa leaflets 21,300+ 1,250 
A-3133 Juniperus sp twigs 19,600 + 800 
17. Tinajas Altas 3B Yuma, AZ 580 AA-78iE Ambrosia dumosa leaves 10,600 + 420 
USGS-959 Neotoma faecal pellets 10,300+ 110 
18. Tinajas Altas 16 Yuma, AZ 580 AA-779% Cercidium floridum twig 8,650+ 430 
f A-3521 Neotoma faecal pellets 7,860+100 
19. Tinajas Altas 13B Yuma, AZ 580 AA-7774 Bursera microphylla seeds 5,820+310 
A-3507 Neotoma faecal pellets 5,940 + 70 
20. Alamo Canyon 1U Pima, AZ 915 AA-533$ Carnegiea gigantea seeds 9,230+ 370 
A-2211 Quercus ajoensis acorns 9,910+ 210 


* NV, Nevada; AZ, Arizona, TX, Texas. T Not within 2s.d. of standard date. t Within 2s.d. of standard date 


In the absence of a continuous stratigraphic record, midden 
analysts depend on radiocarbon dating for chronological con- 
trol. Conventional radioactive decay counters typically require 
2-10 g of material for carbon dioxide gas dates and 10-20 g for 
benzene liquid scintillation samples. About 900 standard radio- 
carbon determinations have been obtained from packrat mid- 
dens”. In contrast, TAMS dates measure the actual number of 
SC atoms, rather than rates of radioactive decay, in samples as 
small as 10 mg (refs 6, 7). With TAMS dating, most of the 
specimens of ecologically important species can be saved for 
other purposes such as radioisotope analyses of deuterium and 
18O as indicators of palaeoclimates. The TAMS method also 
allows direct dating of small Middle Wisconsin samples when 
the 10 g of sample needed for a high-precision standard date is 
not available. For example, most of the juniper (4.7 g) in a 
midden from the Hueco Mountains of Texas yielded a standard 
date of >34 kyr (thousands of years before 1950) while a few 
remaining seeds gave a finite TAMS date of 42 kyr (AA-1162). 

Many of the standard dates on midden materials were 
obtained on combined specimens (rarely was there a large single 
specimen) of individual plant species of biogeographical interest 
after they had been disaggregated in water’. In another method, 
unwashed pieces of midden matrix were dated after the plants 
on its surface had been identified’. The assumption of contem- 
poraneity of the plants in the assemblages is reasonable in both 
procedures if the sample was collected from a discrete strati- 
graphical unit, if any outer weathering rind was removed, and 
if the ancient packrats were not fossil collectors themselves. 
Plant fossils of different species found together in a single 
midden sample that do not agree with current hypotheses of 


community composition are especially likely to generate per- 
sistent questions about sample integrity'’. TAMS radiocarbon 
dates on small samples (combined or single specimens) can 
verify that the age of a species of particular biogeographical 
interest is not significantly different in age from an associated 
standard date or dates on the midden. 

In several cases the standard dates were not verified by TAMS 
dates. In the Snake Range of Nevada, skunkbush (Rhus 
trilobata; 8.8 kyr, AA-776) proved to be a contaminant in a 
much older deposit containing Great Basin bristlecone pine 
(Pinus longaeva)'*. In the Grand Canyon of Arizona, a Utah 
agave (Agave utahensis, 9.5 kyr, AA-765) leaf proved to be 
13.9 kyr younger than limber pine (Pinus flexilis) in the sample”. 
In these examples, apparent anomalous associations in glacial- 
age mixed-conifer forest assemblages were disproven. In the 
Livingston Hills (Chinati Mountains) of Trans-Pecos, Texas, 
seeds of Chihuahuan crucifixion thorn (Castela stewarti) were 
4,000 yr younger than the full-glacial standard date (15.7 kyr, 
A-1581)'*. The presence of this low desert shrub in a pinyon- 
juniper-oak woodland, an anomalous association by current 
standards, remains likely because of the Late Wisconsin age 
(11.5 kyr, AA-430)’°. Interestingly, a TAMS date of 9.8 kyr (AA- 
574) on the closely related Sonoran crucifixion thorn (Castela 
emory!) establishes its presence in an Early Holocene juniper- 
Joshua tree (Yucca brevifolia) - Bigelow beargrass (Nolina 
bigelovii) woodland/chaparral community which presently 
occurs much higher in elevation than the present Sonoran desert- 
scrub habitat of C. emory. Although the stem of ocotillo or 
coachwhip (Fouquieria splendens), a characteristic shrub of the 
Chihuahuan Desert, proved to be a contaminant in an Early 
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Holocene assemblage, the TAMS datè records its arrival in the 


Hueco Mountains, Texas by Middle Holocene (4.2 kyr, AA-381). ` 


Radiocarbon dating of older contaminants in packrat assem- 
blages is especially useful in refining bioclimatic time boundaries 
which are usually based on the range shifts of climatically 


sensitive species in a chronological sequence. In much of the. 


southwestern United States a retreat of pinyon pines from desert 


lowlands at about 11,000 yr ago marks the end of the Wisconsin, 


glacial age'?>: Dubious Holocene survivals of single-leaf pinyon 


(Pinus monophylla) in the Whipple Mountains of California’*" 
and of papershell pinyon (Pinus remota) in the Big Bend of 
Texas”? were rejected when their needles yielded Wisconsin ages 


(11.4 kyr, AA-380, and 17.9 kyr, AA-771). A lingering survival , 


of California juniper (Juniperus californica) in the Sonoran 
Desert lowlands of the Tinajas Altas Mountains of southwestern 
Arizona, suspected on the basis of a few twigs found in an Early 
Holocene midden, was not supported by the TAMS measure- 
‘ment (18.5 kyr, AA-780)*°. Note that all of the midden con- 
taminants were suspected before TAMS dating and represent 
an extremely low percentage of the total number of specimens 
in the midden assemblages. 

The ability to date very small samples has several special 
applications. Tickseed (Corispermum), a diminutive member of 
the salt bush family, was recently established as native to North 
America, and not a historical introduction, through TAMS dat- 
ing of seeds from a western Grand Canyon midden’’. Faecal 
pellets of pika (Ochotona cf. princeps), from near Corn Springs 
at 1,060 m elevation in the Las Vegas Valley of southern Nevada, 
were associated with remains of a Late Wisconsin juniper wood- 
land (14.3 kyr, AA-782, Fig. 2). We believe that pikas are 
inhabitants of alpine meadows and openings in montane forests 
and do not currently occur in the low-elevation xeric wood- 
lands”. The TAMS dates on single-leaf pinyon needles (15.7 kyr, 
AA-452; Fig. 2) at 550 m elevation in the Tinajas Altas Moun- 
tains and on California juniper seeds (11.1 kyr, AA-770) at 240 m 
in the Butler Mountains, both in southwestern Arizona, provide 
direct dates on uncommon woodland plant remains at their Late 
Wisconsin lower elevational limits. 

TAMS dates are especially useful in verifying the presence 
of desert or grassland plants in Late Wisconsin or Early 
Holocene woodlands. In the Butler Mountains, an accelerator 
date of 11.3 kyr (AA-769) on creosote bush (Larrea divaricata) 
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Fig.1 Map of the 
southwestern United 
States, illustrating plant 
and animal remains 
from packrat middens 
radiocarbon-dated using 
tandem accelerator mass 
spectrometer. Numbers 
match Table 1; dates are 
TAMS/standard kyr 
(ka). 
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indicates its co-occurrence with California juniper (AA-770, 
cited above) south and east of regions where their modern ranges 
overlap. AA-769 is the first pre-Holocene (>11,000 yr BP) date 
establishing the presence of creosote bush, an important 
dominant in the warm deserts of North America, within the 
lowest elevations of its present range in the United States. In 
the Hueco Mountains, a TAMS date on spikelets of side-oats 
grama (Bouteloua curtipendula, Fig. 2) revealed that this wide- 
ranging grass was present in Middle Wisconsin pinyon-—juniper- 
oak woodland over 30 kyr (AA-772). Side-oats grama is an 
important C, perennial in much of the summer rainfall grass- 
jands of the southwestern United States. For the first time, 
grasses, which are potentially excellent palaeoenvironmental 
indicators, can be dated directly. At Rio Grande Village in Big 
Bend: National Park, honey mesquite (Prosopis glandulosa) per- 
sisted in a full-glacial pinyon—juniper-oak community about 
900 m lower than similar modern associations”. Honey mesquite 
is presently an important dominant in Chihuahuan desert-grass- 
land communities. 

Holocene middens from the Tinajas Altas Mountains of 
southwestern Arizona record the arrivals of characteristic 
Sonoran Desert species, including white bursage (Ambrosia 
dumosa) by 10.6 kyr (AA-781), blue palo verde (Cercidium 
floridum) by 8.7 kyr (AA-779) and elephant tree (Bursera 
microphylla) by 5.8 kyr (AA-777). The latter, a tropical genus 
at its northern limit, is especially frost sensitive. Some time in 
the Late Holocene, foothills palo verde ( Cercidium microphyllum) 
arrived to replace blue palo verde, which is now confined 
at low elevations to flood plains, arroyo banks and roadsides. 

In the Ajo Mountains of Arizona, a few saguaro (Carnegiea 
gigantea) seeds from a midden yielded an age of 9.2 kyr (AA- 
533). Saguaro is the stately, frost-sensitive, arborescent cactus 
that is the hallmark of the Arizona Upland subdivision‘ of the 
Sonoran Desert”. The TAMS results represent a minimum age 
for arrival of saguaros in Organ Pipe Cactus National Monu- 
ment. Further east (75 km north-east) in the Castle Mountains, 
a midden dated on juniper by standard methods at 25.2 kyr 
offered the possibility of obtaining an unusually old (glacial 
age) record on associated seeds of saguaro (Fig. 2). Although 
the result of 5.6 kyr (AA-773) reveals contamination, it shows 
that the giant cacti were present and available as a food resource 
for Middle Holocene gathering and hunting people in the region 








mm d 
Fig. 2 Packrat midden specimens dated by TAMS. a, Faecal 
pellets of pika from Quade, Las Vegas Valley, Nevada (14.3 kyr, 
AA-782). b, Single-leaf pinyon needles and nut fragments from 
Tinajas Altas 15A(L), Arizona (15.7 kyr, AA-452), c, Saguaro seeds 
from Alamo Canyon 1(U), Ajo Mountains, Arizona (9.2 kyr, AA- 
533). d, side-oats grama spikelets from Navar Ranch 1B, Hueco 
Mountains, Texas (>30 kyr, AA-772). 


of Ventana Cave, one of the best-known archaeological sites in 
the Sonoran Desert”. 

In the process of dating plant fragments of particular biogeo- 
graphical interest, it was possible to replicate standard dates 
previously run on middens that were the source of the TAMS 
sample (for example, AA-533 with A-2211, AA-781 with USGS- 
959, AA-777 with A-3507). Tests confirming both dating methods 
can be matched with other cases in which suspected redeposition 
or mixing of fossils in the deposit was verified (Table 1). The 
TAMS results sustained our ecological bias that neither skunk- 
bush (AA-776) nor Utah agave (AA-765) grew with sub-alpine 
conifers, and that single-leaf pinyon (AA-380) and papershell 
pinyon (AA-771) did not occur in dry Early Holocene woodlands 
in California and Texas, as suggested by a few midden speci- 
mens. The middens indicate that in the Late Wisconsin (AA- 
775), pikas lived in juniper woodland, a habitat now foreign to 
them. TAMS dates (AA-430, AA-574) on Chihuahuan and 
Sonoran crucifixion thorns imply that these spiny desert shrubs 
were living in late-glacial pinyon-juniper-oak and Early 
Holocene juniper-Joshua tree woodlands, respectively, but sur- 
vive in hot desertscrub habitats at lower elevations today. TAMS 
dates will be critical in distinguishing between cases of sample 
contamination or redeposition and cases of authentic anomaly 
when future unexpected mixtures are found. 

Our findings indicate that by 11,000 yr ago at least, creosote 
bush (AA-769), the common desert shrub, occupied the southern 
part of its present range in the United States. In southwestern 
Arizona, important Sonoran Desert succulents, trees and shrubs 
including saguaro (AA-533), white bursage (AA-781), blue palo 
verde (AA-779) and elephant tree (AA-777), appeared in the 
Holocene, with foothills palo verde (no direct date) arriving 
last. Fossils of frost-sensitive warm desert species have not been 
discovered during the height of the last glacial maximum (22,000 
to 14,000 yr BP), a time when pinyon (AA-452), oak, juniper 
(AA-780), Joshua tree, sagebrush and other temperate woodland 
or cool desert shrubs occupied what is now warm desert low- 
lands'*. Mixed conifer forests with limber pine (AA-534) moved 
into higher elevations in the Grand Canyon. 

Through the method of accelerator dating of plant parts from 
ancient packrat middens, it is now possible to locate glacial-age 
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biotic refugia, to determine the timing of plant migrations into 
O ; arid parts of the western United States since the last ice age, 


and to detect any unusual associations of species that are 
anomalous by modern standards. Historical ecologists and bio- 
geographers have gained a powerful new technique. 
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Global patterns of soil nitrogen storage 
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The amount of nitrogen stored in soil is related to climate through 
biotic processes associated with productivity of vegetation and 
decomposition of organic matter. Other factors, particularly rain- 
fall input, dry deposition input, nitrogen fixation and losses of 
inorganic nitrogen due to leaching contribute to the variability of 
nitrogen storage. Here we report that soil nitrogen storage ranges 
from 0.2 kg m™° in warm deserts to 2 kg m™° in rain tundra, with 
a peak of 1.6 kg min subtropical wet forests. Soil carbon storage 
shows a similar pattern. The global nitrogen pool in the surface 
metre of soil comprises an estimated 9.5 x 10"* kg. Each soil profile 
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ne | ccording to the Holdridge life 2 zone’ in 
ich it was found. Soil carbon/nitrogen ratios range from <10 
in ropical deserts to >20 in cool, wet forests or rain forests. We 
determined C/N ratios of 15-20 in cool life zones and 10-15 in 
warm life zones. These results indicate that: (1) relatively large 
amounts of soil nitrogen in wet tropical regions are associated 
With recalcitrant humic materials in an advanced state of decay, 
with lew C/N ratios; (2) the seasonal climate contrast in temperate 
regions, combined with variable litter quality due to the mix of 
coniferous and deciduous species, results in moderate carbon and 
ni ogen storage in soil and variable C/N ratios; and (3) slow 
decomposition in wet tundra regions results in high carbon and 
nitrogen storage, with high C/N ratios. 
he present analysis of global soil nitrogen pools is based on 
ata from 3,100 soil profiles supporting natural vegetation 
cluding wetlands), therefore the patterns discussed do not 
-count for gains or losses caused by man’s activities. The data 
were obtained from P.J.Z. and from soil survey literature. Details 
of sample collection chemical analyses, data computation and 
data sources are reported elsewhere’. 
Samples from each soil profile were collected from each 
horizon or at standard depths (0, 5, 10, 20, 40, 60, 80 and 100 cm). 
Carbon was analysed using dry combustion and total nitrogen 
was determined by Kjeldahl digestion. Soil carbon and nitrogen 
-masses were calculated by multiplying the per cent of each by 
the bulk density obtained for each layer, and the horizon thick- 
ness. Data from the literature were used if available for the 
complete soil profile, or to a depth of 1 m. If literature sources 
not report bulk density, this parameter was estimated using 
egression formula incorporating depth of the profile, organic 
carbon content and vegetation type (see ref. 2). 
_ The Holdridge life-zone system, applied here, is an objective 
classification based on climatic data (Fig. 1a). Previous work 
- has demonstrated its use in | relating the key soil- forming factors 
_ of vegetation and climate*~® as well as in examining the relation- 
- ship between soil carbon and climate’. A Holdridge life zone 
is defined by the climate variables biotemperature and annual 
_ precipitation, where biotemperature is the annual mean unit- 
-period temperature with substitution of 0 °C for all temperatures 








<0 °C and >30 °C, A third variable, the potential PETERE, = 


ation/precipitation ratio, is correlated with precipitation and _ 
biotemperature and appears as the third axis in Fig. 1. Whenever _ 
possible, the climate variables were calculated from meteorologi- 
cal data for each profile. If adequate meterological information 
for direct classification of the profile was not available, associ- 
ated vegetation information was used to classify the soil profiles. 

Summary statistics were computed for each life zone class 
(Table 1). Because most soil nitrogen is organically bound, 
nitrogen storage in soil shows a pattern similar to that of organic | 
carbon storage. However, the nitrogen storage patterns across 
various life zones. differ in detail from carbon storage patterns 
(Fig. la, b). Detailed patterns in carbon storage are related to 
the potential evapotranspiration/ precipitation ratio, Where this 
ratio is 1, carbon storage is 10kgm™ and decreases as 
evapotranspiration exceeds precipitation and increases as the 
latter exceeds the former, This carbon storage pattern is modified - 
by low storage in dry subtropical and warm temperate deciduous — 
forests with strong seasonal contrast. Nitrogen storage has a 
component that is strongly influenced by precipitation, perhaps 
caused by direct inputs and leaching losses, particularly in cool. 
temperate and boreal forest life zones with lower nitrogen 
storage than expected from considering evapotranspiration: 
alone. | 

We can infer considerable information concerning soil 
nitrogen dynamics by examining soil C/N ratios (Fig. 1c). Litter 
has a higher C/N ratio than the humus derived from it. As 
decomposition proceeds, easily decomposed material disap- 
pears and nitrogen is immobilized in microbial biomass and 
decay products, leaving behind more recalcitrant material with 
slower decomposition rates and lower C/N ratios. Factors slow- 
ing the decay rate, such as high lignin/nitrogen ratios, cool 
temperatures and poor soil aeration®”'', will retard this decrease 
in the C/N ratio. Conversely, one can expect lower soil C/N 
ratios with increasing decomposition rate. As humus decom- 
poses and its C/N ratio decreases, it is being incorporated into 
the soil profile. The balance between the rate of decomposition 
and the rate of incoporation into the soil profile, both functions 
of climate, will determine the C/N ratio of the soil humus. 





Table 1 Organic carbon and nitrogen storage, and C/N ratio by Holdridge life zone 
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No. of 
Life zone” samples Mean 
Dry tundra 5 3.1 
«Moist tundra 12 10.9 
Wet tundra 33 20.7 
ain. tundra 8 36.6 
Boreal dry bush g 10.2 
Boreal moist forest 305 15.5 
oreal wet forest 24 15.0 
areal rain forest 23 32.2 
ool temperature desert 4 9.7 
yi temperate desert bush 129 9.9 
ool temperate steppe. 375 13.3 
ool temperate moist’ forest 650 12.0 
ool temperate wet forest 442 17.5 
ool temperate rainforest 17 20,3 
yi temperate desert 9 1.4 
arm temperate thorn steppe 291 7.6 
farm temperate dry forest 105 8.3 
arm temperate moist forest 98 9.3 
‘arm temperate wet forest 52 26.8 
ubtropical desert bush i 1 29.1 
Subtropical thorn woodland 18 5.4 
tropical dry forest 17 115 
Subtropical moist forest 14 9.2 
Subtropical wet forest I 9.4 
_. Tropical thorn woodland 2 2.6 
. Tropical very dry forest 124 6.9 
Tropical dry forest 184 10.2 
‘Tropical moist forest 163 11.4 
Tropical wet forest 23 15.0 

Total 3,137 


Carbon (kg m7”) 


Nitrogen (g m7?) C/N ratio 
sd Mean sd Mean s.d 
2.2 mmn mne manni smee 
6.4 638.5 231.7 18.3 6.5 
16,0 1,251.3 958.1 18.4 6.4 
12.9 2,226.0 -593.6 15.6 2.8 
4.6 631.0 239.6 16.0 3.4 
30.0 1,034.1 1,091.5 16.0 8.4 
10.7 980.1 TTS 16.9 5.7 
35,2 1,512.2 1,633.7 25.8 11.6 
0.7 ve vse — 
6.0 779.8 445.0 12.5 3.7 
9.5 1,032.2 737.8 15.1 8.8 
8.2 626.1 494.7 22.5 8.7 
23.8 930.6 1,161.6 20.7 8.4 
12.7 1,210.3 441.9 15.7 4.6 
1.0 106.5 84.5 15.3 46 
6.8 338.0 484.7 15.9 10.1 
4.6 644.8 331.2 14.0 6.7 
7.4 648.3 608.0 25.1 13.1 
13.4 2,806.6 806.4 15.6 6.4 
me 2,282.6 mæ 12.7 mn 
2,2 379.3 104.8 143 3.0 
13.9 1,070.4 1,035.9 10,2 4.3 
4.5 987.9 581.9 10.3 3.8 
—~ 2,853.4 = 3.3 — 
2.1 264.6 184.8 9.2 13 
49 597.2 730.8 13.7 5.2 
11.1 885.9 579.1 13.3 16.6 
11.7 802.9 546.1 14.9 8.6 
9.2 655.2 229.1 30.2 12.8 





- corresponding to the carbon. measurements. 


is We have simplified the life-zone classification by combining the altitudinal classes with the appropriate latitudinal classes. For example, lower montane tropical én) 
- forest i is combined with warm temperate dry forest. Life zones for which we have no data have been a oe of the profiles do not have nitrogen measurements 
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Fig. 1 a, Soil nitrogen storage (g m~*) isopleths on the Holdridge life-zone chart. b, Soil carbon ‘storage (kg m°) ‘spits on the Holdridge 
life: zone chart. c, C/N ratio by Holdridge life zone. Shading indicates range of mean C/N ratios for life zones. Those life zones for which 
we have no data are blank, 


-odn boreal and tundra life zones, decomposition rates are low 
because of low temperatures, low litter quality, and partially 
ae _water-saturated soils. In some tundra regions, the decomposi- 
tion rate is slower than the production rate, resulting in net 
-accumulation of organic matter’. The soils of these regions 
“have a high C/N ratio, as well as high carbon and nitrogen 
storage. 
: In cool and warm temperate life zones, decomposition i is, in 
~: the long term, in balance with production, leading to steady-state 
humus levels in the soil under undisturbed vegetation. Soil 
humus C/N ratios in these life zones are highly variable, ranging 
from 10 to >20, and are somewhat higher in forests in higher 
latitudes’. Some of this variation is the result of litter quality. 
Mean C/N ratios of litterfall in the forest life zones of these 
regions range from 45 to 65 (refs 13-16) depending on species 
omposition. Life zones of higher latitudes contain a larger 
fraction of coniferous species with litter high in lignin?’ and 
elatively low in nitrogen. There is also a decrease in the C/N 
atio of litterfall with decreasing latitude". 
Litter production i in moist and wet tropical and subtropical 
ife zones is high'*'’. However, most of this litter is decomposed 
; relatively rapidly compared with that in more poleward life 
18,19, this is largely because of year-round temperature and 
moisture being favourable for decomposition. As a result, the 
C/N ratio of the organic matter rapidly approaches a low value, 
ultimately limited by the C/N ratio of slowly decomposing 
recalcitrant materials and microbial detritus mcorporated into 
he soil. 
The lowest C/N ratios occur in the warmest life zones. Where 
cipitation is high (in tropical forests), low C/N ratios are 
used by an advanced state of organic matter decay. By con- 
n- deserts where precipitation is low, the available soil 
imits. both net primary productivity and. leaching, 
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resulting in low nitrogen uptake by plants, low carbon inputs 
an accumulation of inorganic nitrogen salts in the soil, and a 
low C/N ratio”. 

Annual amounts of nitrogen in litterfall, averaging 2 
13gm™* yr"! depending on life zone'*-"’, are larger than t 
average fluxes because of nitrogen fixation, precipitation inpu 
and leaching. Rates of atmospheric nitrogen input are estimates 
to range from 1 to 10x 10'° kg yr~* globally, or an average. 
0.08-0.76 g m`? yr“! (ref. 21). Biological nitrogen fixation for 
non-agricultural land is ~5x10'kgyr™', or 0.4gm™*: 
(ref. 22). Nitrogen is lost from soils through denitrification at 
leaching. Denitrification, performed by facultative anaerob: 
varies in time and. space, depending on the supply of nitra 
and the anaerobic condition of the soil. Rates of denitrificatior 
are likely to be small. except in wetlands. Leaching losses m: 
be important in some regions. An upper bound on the glob 
impact of leaching can be estimated from the flux of dissol 
nitrogen in rivers and of particulate organic nitrogen in the ¢ 
of seasonally flooded ecosystems. The total nitrogen lost to rive 
is 3.1 x 10" kg yr`', averaging 0.25 gm™? yr“! of land surface. 
although a large fraction of this nitrogen may be derived fro 
disturbed agricultural land. 

We conclude that ecosystem nitrogen cycling and litter qualit 
both of which are climatically influenced, determine the patte 
of soil nitrogen storage. In addition, availability of phosphoru 
as well as other soil-forming factors”, or the role. of consu 
in processing and transporting nitrogen”, may contribute to 
large variability of the mean nitrogen storage in soils of- climat 
cally defined life zones. : 

Estimates of the global total of soil organic nitrogen: ra: 
from 7 x 10" kg (ref. 27) to 8.2 10! kg (refs 28, 29), with 
intermediate estimates of | 17 «104 K fst 23), 7 7.6 
(ref. am: 1.75x a” “kg. 32), F 0’ kg (re 
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Carbon Nitrogen 
Area content content 
Life zone* (x10° m) (x10 g) (« 10" g) 
ice 2.071 0 0 
Dry tundra 0 0 à 
Moist tundra 2.701 29.4 1,724.6 
jet tundra 1.497 31.0 1,873.2 
Rair tundra 0.030 LI 66.8 
areal desert 0,022 0.2 11.0 
eal dry bush 1.282 13.1 808.9 
real moist forest 12.722 197.2 13,155.8 
Boreal wet forest 4.350 65.3 4,263.4 
real rainforest 0.303 9.8 458.2 
ool temperate desert 1.241 12.0 620.5 
i temperate desert 3.571 35.4 2,784.7 
tush ; 
itemperate steppe 9.045 120.3 9,336.2 
oot temperate moist 9.344 112.1 §,850.3 
forest 
temperate wet 1.626 28.5 1,513.2 
temperate rain- 0.256 5,2 204.8 
m temperate desert 1911 2.7 203.5 
Warm temperate desert 4.894 29.4 1,468.2 
_ -bush 
Warm temperate. thorn S171 39.3 2,782.0 
"steppe 
Warm temperate dry 7.543 62.6 4,863.7 


-forest 


See Table 1 legend. 
_ ¥ Does not include Greenland. 


JAH of these estimates were obtained by dividing values for 
organic carbon storage by the C/N ratio. We present below the 
first estimate of the global storage of organic nitrogen derived 
from direct measurements. 
-A map of Holdridge life zones, based on the average climate 
from 1930 to 1970, has recently been produced for the globe’. 
his map allows the calculation of the areal extent of Holdridge 
life zones, which, when combined with the results of Fig. 1, can 
be used to compute a global estimate of organic soil nitrogen 
able 2), assuming all vegetation is in equilibrium with this 
verage climate (that is, potential natural vegetation). Table 2 
udes a new estimate of organic soil carbon that incorporates 
re profile data and different areas of life zones than our 
ious report’. The global soil carbon value of 1.272 x 10° kg 
ell within one standard deviation of our previous estimate 
395 10" kg. Our global estimate for soil nitrogen is 9.5 x 
g. To represent present-day actual soil nitrogen storage, 
value should be lowered to account for losses due to agricul- 
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Carbon 
; Area content content 
Life zone* (x10 m?) (x10 g) (x 10"? g) 
Warm temperate moist 7.801 72.6 5,062.6 
forest i “id 
Warm temperate wet 0.570 15.3 1,029.8 .. 
forest : ao 
Warm, temperate rain- 0.029 0.8 20.3 
forest M 
Subtropical desert 1.385 19 138.5 oo 
Subtropical desert 1.535 4.6 3,503.8 u 
bush , pri 
Subtropical thorn 1.651 8.9 626.2 9. 
— woodland pee 
Subtropical dry forest ` 3.500 40.3 3,746.4 oo. 
Subtropical moist 7.985 73.5 7,888.4 
forest A 
Subtropical wet 0.499 4,7 1,423.8. 
forest 
Subtropical rainforest 0.014 0.2 8.40 
Tropical desert 8.420 8.4 421.0. - 
Tropical desert bush 2.321 2.3 116i > 
Tropical thorn 2.351 6.1 622.19 
woodland Sn as 
Tropical very dry 4.712 32.5 2,814.0 >. 
forest aa: 
Tropical dry forest 10.018 102.2 8,874.9 o> 
Tropical moist forest 8.605 98.1 6,909.0 =: 
Tropical wet forest 0.378 5.5 24TF ok 
Tropical rainforest 0.003 0.1 AB 
95. 433. 7 A os 


Total 131.336 1,272.4 


ture. The global size of such losses, however, is presently 
unknown. 

If we assume that fixation and denitrification rates are negli- 
gible in the soils of our database; that plant uptake and litter 
return are in steady state; and that the 3.1x 10° kg yr"! of 
nitrogen lost annually to rivers?” represents the net nitrogen = 
output from the global soil pool, the turnover rate for the global 
soil nitrogen pool is of the order of 3,000 yr. Relaxing the above 
assumptions should decrease this value. 
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nfant mammal in the nest, the principal environmental 
are those provided by the parents. A series of studies 
made on parental influences on the development of house 
ce, especially in relation to cold adaptation’. During this work 
le of the father has usually been ignored. Here we present 
ence that such inverted sexism is unjustified. Mated pairs, of 
hich the male was from the tenth generation of a stock of wild-type 
_ mice kept in a cold environment, reared a higher proportion of 
their young than did pairs of which the male was from a control 
_.. Stock. The influence of the male on variance in survival in the nest 
Was greater than that of the female. _ 
_.. Two stocks of wild-type house mice, Mus musculus, were used, 
< derived from mice trapped in the Australian Capital Territory. 
-. Each stock was a closed colony, one maintained at 23°C (con- 
trols), the other at 3°C (‘Eskimo’ mice). Pairs were each kept 
-in plastic cages with wire lids, and were permanently mated. 
-Members of a pair were never siblings. Rat cubes and water 
were freely available. Bedding consisted of wood shavings to 
cover the cage floor, and ~5 g of non-absorbent cotton wool. 
Changes observed over generations have been reported else- 
where’. In the cold environment, during early generations, many 
pairs were barren, and there was a high nestling mortality. But 
-fertility improved and, after 10 generations, the number of young 
weaned by an eskimo pair in the cold approached that of controls 
«in the warm; and the eskimo mice were heavier than controls 
at all ages. 
In the present study, at the ninth generation, 15 control pairs 
_ were transferred to the cold at mating, and 15 eskimo pairs were 
_ also mated. The young of these pairs were used in the experi- 
ments. They provided 60 pairs, 15 of each of the four possible 
_ kinds. of mating, all in the cold environment: control ¢ x 
control 2; control 8 x eskimo 9; eskimo & x control 2: eskimo å x 
_ eskimo ?. At mating, the mean body weight of the control 
females was 14.3+0.4, and that of the eskimo females, 16.6 + 
0.4g (P<0.001, Student’s t-test). l 
As expected, at 3 weeks the young of the eskimo mothers 
_ were heavier than those of control mothers, regardless of the 
< type of father (Fig. 1). Differences in the number of young born 
>to a pair were influenced by both parents (Table 1). When both 
members of a pair were controls, the mean number of young 
was about 18; the other three classes had means of 28 or above. 
The most important finding, however, was on survival in the 
rest (Table 2). The two types of pairs with eskimo males reared 










































Table 1 Numbers of young born per pair 
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Female parent 
Control Eskimo 
No. of pairs 15 14 
Mean +s8.e, 17.7%2.2 32.4424 P<0.01 
No. of pairs 14 16 
Mean + s.e. 28.5 + 2.6 28.04 2.8 
P<0.01 
Analysis of variance 
ource of 
ariation d.f Mean square F 
Female type 1 709 74 P=<0.0) 
ale type 140 1.5 P<03 
ti l 857 8.9 P<=0.005 


‘Male parent Female parent 
Control Eskimo 
Control 9.020 18443.4 P<0.01 
(48) (53). 
Eskimo 20.84 3.2 23.543.0 
(67) (81) 
P<6.01 
Analysis of variance for percentage of young weaned 
Source of 
variation d.f. Mean square F 
Female type 1 1,339 18 P<0.2 > 
Male type 1 8,101 10.8 P<0,063 
Interaction 1 226 0.3 Pag | 
Residual $3 147 






Mean body weight (go) 
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Fig.1 Body weights of the offspring from the four types of mat 
&, Controls; $, hybrids with control mothers: M, eskimo; 
hybrids with eskimo mothers. a 




































a higher proportion of young than did the other two. The femal 
had some influence; but, as the analysis of variance shows, th 
male had the greater effect. Mortality was due largely to losse 
of whole litters. Control males mated with control females los 
48% of their litters, and those mated with eskimo females, 39% 
the corresponding figures for the eskimo x eskimo and eskimo x. 
control pairs were 14%-and 24%, respectively (x? = 22.1, d.f.=3, 
P<0.001). o 

In the present experiments, the factors that influenced growth: 
in the nest differed from those that affected survival. A similar 
non-correspondence has been observed in a study of domesti 
mice in a cold environment’, but the physiological or 
behavioural mechanisms involved were not analysed. oe 

Previous work, however, has some bearing on the parental 
efficiency of the eskimo mice. (1) Eskimo females secrete more 
concentrated milk than do control females in the same environ 
ment; this is evidently one source of the higher growth rate of 
eskimo young’. (2) For an explanation of the paternal influence 
on survival we must look to behaviour. There is evidence that 
the survival of young domestic mice in a cold environment i 
enhanced by parental attention, such as licking and carrying® 
It is difficult to record parental behaviour in a closed nest, but 
eskimo mice have been shown to'spend more time in parental 
activities than do control mice; in that study it was not possibli 
to distinguish consistently between male and female parents 
both attended to the young’. — ues 

Most experimental studies of the behaviour of male mice 
toward young have been on laboratory strains. Care of young 
occurs, but varies greatly with genotype and conditions®-!” 
Paternal care has also. been recorded in other species o 
rodents'’. Present hypotheses concerning parental ‘investment 
imply that such species should be monogamous", yet most o 
the evidence suggests that in nature these small, polytocous 






















Table 2 Numbers of young weaned by a pair (mean +s.e.} 


eee ROT RAAT TA ANTEATER EAA Ary ree Bia UFR PRANAN Li Aitaa a LAMA AGAN a! PAAA Vive ret AAAA Ym AAAA AAA aaan i semua naa aaa a 


















Total Ba, 88 


Mean per cent weaned is given in parentheses. 




























m iscuous or polygamous. Facultative 
monogamy is, however, a possibility’ . It has not been reported 
opulations of house mice, but this widely dispersed species 
il known to be ecologically exceptionally versatile’*'*, The 
é mouse is not only capable of thriving in a great variety 
of environments: studies of free-living populations suggest also 
at, in different cold climates, there are alternative genotypes 
and phenotypes, each suited to severe conditions ‘® 

Our experiments on wild mice in captivity have enabled us 
fo compare eskimo mice with controls in the same environment. 
The superior growth rate, fertility and other features of the 
cold-adapted mice have been observed in stocks derived from 
Scottish as well as Australian 1 populations*”. 3. Such comparisons, 
‘ogether with cross-fostering'’, have shown that cold-adaptation 
depends on a combination of direct ontogenetic responses, 
genetical changes and also alterations in maternal performance 
which favour the survival and growth of the young. Similar 
processes no doubt underlie cold-adaptation in free-living popu- 
lations, but the extent to which the changes we have recorded 
are general in such populations remains to be determined. 





To miternal effects our - present findings add an enhanced 
paternal performance. Maynard Smith’? asks why male mam- 
mals that look after their young do not lactate. Perhaps the 
versatile house mouse, if bred for long enough in a cold climate, 
could achieve even this. 
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, Although receptive fields of relay cells in the lateral geniculate 
nucleus of the cat nearly match those of their retinal afferents” 
only 10-20% of the synapses on these cells derive from the retina 
and are excitatory’*. Many more (30-40%) are inhibitory and 
largely control the gating of retinogeniculate transmission” 
These inhibitory synapses derive chiefly from two cell types: 
intrinsic local circuit neurones and cells in the adjacent perigenicu- 
late nucleus*’. It has been difficult to study the functional organiz- 
ation of these inhibitory pathways; most efforts have relied on 
indirect approaches“ "7. Here we describe the use of direct tech- 
iques to study a local circuit neurone by iontophoresing horse- 
dish peroxidase (HRP) into it, which completely labels the soma 
nd processes of cells for subsequent light- and electron micro- 
copic analysis. Although the response properties of the labelled 
ell are virtually indistinguishable from those of many relay cells‘, 
morphology i is typical of ‘class 3’ neurones’ (see Fig. 1 legend), 
h are widely believed to be interneurones” ™ (but see ref. 12). 
we refer to the cell as a ‘local circuit neurone’, which allows 
he. possibility of a projection axon, rather than as an ‘inter- 
rone’, a term that commonly excludes a projection axon. We 
‘that the labelled cell has a myelinated axon, but that the axon 
es its myelin. within 50 jm of the soma and has not yet been 
ced further. The dendrites of the labelled cell possess presynap- 
terminals that act as intrinsic sources of inhibition on geniculate 
; cells. We also characterize other morphological aspects of 
` inhibitory circuitry. 

Our methods have been described previously*”’. 2 Briefly, a 
cat was anaesthetized, paralysed and prepared for neurophysio- 
ogical recording with stimulating electrodes positioned across 
he optic chiasm. We used a bevelled micropipette, filled with 
RP and KCI, to record the response properties of a geniculate 
lin lamina A, impale the cell and iontophorese HRP into it. 
‘wo neuronal classes, X and Y cells, reside in laminae A and 
\1'22| The labelled neurone responded on all physiological 
ests like a typical X relay cell (see Fig. 1 legend). Several hours 











after HRP iontophoresis into the cell, the cat was deeply anaes- 
thetized and perfused with fixative. We coronally sectioned the 
lateral geniculate nucleus at 50 pm and reacted the sections with 
diaminobenzidine and 1% CoCl. The four sections containing 
the labelled neurone were osmicated, dehydrated and embedded 
in plastic resin. We fully reconstructed the neurone from the 
light microscope (Fig. 1) and then obtained a continuous series 
of thin sections for electron microscopy from the two 50-y.m- 
thick sections containing the labelled soma plus most of its 
dendritic arborization. 

To chracterize synaptic terminals in the lateral geniculate 
nucleus, we adopted Guillery’s criteria and nomenclature’. 
These terminal types include: RLP (round vesicles, large profile 
and pale mitochondria), which derive from retina, form asym- 
metrical contacts and are excitatory; RSD (round vesicles, small 
profile and dark mitochondria), which mostly derive from cor- 
tex, form asymmetrical contacts and are excitatory; and F (f lat- 
tened or pleomorphic vesicles), which are thought to derive 
from local circuit neurones and/or neurones of the perigenicu- 
late nucleus, form symmetrical contacts and are inhibitory. F 
terminals can be subdivided into F1, which have a darker matrix, 
are never postsynaptic to other terminals and possess con- 
sistently flattened and densely packed vesicles; and F2, which — 
have a lighter matrix, are both pre- and postsynaptic to other: 
terminals and possess more pleomorphic and sparsely dis- 
tributed vesicles. Finally, we recognized the relatively rare RLD 
(round vesicles, large profile and dark mitochondria) ter- 
minals'*, which form asymmetrical contacts, are probably exci- 
tatory, and may derive from intrinsic collaterals of relay cell 
axons (refs 4, 12, 14 and our unpublished observations). = 

The labelled dendritic terminals contain ‘sparsely distributed 
synaptic vesicles and form symmetrical synapses. clearly distin- ~ 


guishable from the asymmetrical synapses made by nearby RLP 


or RSD terminals (Figs 2c, 3a). Thus, although the vesicle _ 
morphology is often indistinct because of the HRP (Figs 2c, _ 
3a-e), the labelled terminals are clearly F terminals. Evidence - 
presented here indicates that they are F2 terminals. Output from 
the dendritic terminals focuses on dendritic appendages of other 
geniculate neurones (Figs 2c, 3a). Figure 4 illustrates the 
innervation pattern from a labelled terminal cluster to the eigh' : 
dendritic appendages of one postsynaptic cell. Labelled ter- 
minals provide nine synapses to varicosities from five of these 
appendages and contact no other adjacent structure. In this 
region, the postsynaptic cell receives 40 synapses from un- 
labelled F terminals, 23 of which clearly derive from F2 terminals 
(Fig. 2c). Synapses from several local circuit neurones can thus 
converge onto single cells. Inputs to labelled terminals originate 
primarily from RLP; F and occasional RSD terminals (Figs 3, . 
4a). Some also originate from RLD terminals (Fig. 3e), which | 
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Fig. 1 Light microscopic reconstruction of a HRP-labelled 
neurone. The cell exhibited response properties typical of X relay 
cells, including linear summation in response to visual stimuli, a 
small on-centre receptive field (0.7° centre diameter at an eccen- 
tricity of 8° from the area centralis), and a monosynaptic response 
latency of 1.9 ms to stimulation of the optic chiasm'*. a, High- 
power drawing of neurone showing class 3 morphological 
features'’. These include several thin, sinuous dendrites that radiate 
from a small soma (180m? in cross-sectional area) and fine 
processes that issue from the dendrites to arborize into multi-lobed 
swellings. These swellings have presynaptic specializations and are 
thus dendritic terminals. Scale bar, 50 um. b, Low-power drawing, 
showing the laminar location of the injected local circuit neurone 
in a coronal section through the lateral geniculate nucleus. The 
dendritic arborization of the cell, which is oriented perpendicular 
to the laminar boundaries, spans the entire depth (550 um) of 
lamina A but extends only 150 um in the mediolateral and ros- 
trocaudal axes. Scale bar, 1.0 mm. 


contact three different clusters (among the 12 analysed) of 
labelled dendritic terminals. This is a remarkable density of 
RLD terminals given their general scarcity in laminae A and Al 
(unpublished observations). 

Many labelled dendritic terminals enter into complex synaptic 
circuits, such as synaptic triads, in which a labelled terminal is 
postsynaptic to an RLP terminal and both terminals contact the 
same postsynaptic appendage (Fig.3a). An RLD terminal 
occasionally replaces the RLP terminal in these triads. Some 
labelled dendritic terminals participate in serial synapses, in 
which the labelled terminal is both postsynaptic to an unlabelled 
Fl terminal and presynaptic to a dendritic appendage. 

We identified the labelled dendritic terminals as F2 terminals 
for several reasons. These include their sparse distribution of 
vesicles, their symmetrical contacts and their synaptic relation- 
ships, particularly their triadic relationships***'°. This is the 
first definitive evidence that F2 terminals are of dendritic origin, 
a widely hypothesized conclusion® that has not been unam- 
biguously demonstrated until now (see, for example, ref. 15). 
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Fig. 2. Comparison of dendritic terminals from the labelled local 
circuit neurone with a presynaptic dendrite from an unlabelled 
neurone. a, Electron micrograph of a fine process (arrow) emanat- 
ing from a secondary dendrite (den) of the local circuit neurone. 


In nearby sections, this process arborizes into dendritic terminals — 


(asterisk; see also b, c). b, Section next to a, indicating branches 
(arrows) emanating from the process in a and leading to vesicle- 
filled terminals (asterisks). c, Section near a and b. The labelled 
terminal (asterisk) is vesicle-filled and forms a synaptic contact 
(arrowhead) onto a dendritic appendage (app) of an unlabelled 
geniculate neurone. The symmetrical contact formed by the 
labelled terminal is indistinguishable from those of other un- 
labelled F2 terminals (F) formed onto the same postsynaptic 
appendage (arrowheads). d, Electron micrograph of an unlabelled 
process (that is, not from the labelled neurone) with features of a 
presynaptic dendrite'®. Note the cluster of synaptic vesicles 
(asterisk; see also e), ribosomes (r), microtubules (mt) and the site 
of a synaptic input (arrowhead) to the dendrite (den; other synaptic 
inputs are evident in adjacent sections). e, Section next to d, 
indicating symmetrical synapse from the presynaptic dendrite 
(arrowhead) to another unlabelled, medium-sized dendrite. Such 
dendro-dendritic contacts have been described previously for the 
cat lateral geniculate nucleus’ and they clearly differ from those 
formed by the labelled neurone reported here. Scale bars, 1.0 um. 


Furthermore, the relatively common F2 terminals are mor- 
phologically distinct from another type of quite rare dendro- 


s 
~d 


dendritic synapse previously documented for the cat's lateral — ss 
geniculate nucleus'®. For these other dendro-dendritic contacts, 


the presynaptic element is a vesicle-filled dendritic shaft that 
contacts other dendritic shafts in simple synaptic arrangements 
(Fig. 2d, e). 
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Fig. 3 Electron micrographs of synapses involving the local cir- 
cuit neurone. a, Triadic synaptic arrangement involving a retinal 
terminal (RLP), an unlabelled dendritic appendage (app), and a 
labelled dendritic terminal (asterisk). The retinal terminal forms 
synapses on both the labelled dendritic terminal and an adjacent 
unlabelled dendritic appendage (arrowheads). This is the most 
common form of retinal input to the local circuit neurone. The 
labelled terminal contacts the appendage with a symmetrical 
synapse (arrowhead) and is thus equivalent to the F2 component 
of a synaptic triad (see text). b, Retinal terminal (RLP) forming a 
synapse (arrowhead) directly onto the soma of the local circuit 
neurone. This synapse plus three retinal inputs to spine-like pro- 
trusions from the soma (not illustrated) represent the only examples 
to date of retinal inputs contacting the local circuit neurone in a 
region other than a dendritic terminal. c-e, Other examples of 
synaptic inputs (arrowheads) to labelled dendritic terminals. Each 
is less common than retinal input (for example, in a) and are 
shown in descending relative frequency, from F terminals (c, most 
commonly from the Fl variety), RSD terminals (d) and RLD 
terminals (e). Scale bars, 1.0 pm. 


The postsynaptic targets of the labelled dendritic terminals 
(for example, Fig. 4c) are almost certainly X relay cells rather 
than Y relay cells or other local circuit neurones. X relay cells 
have many dendritic appendages that receive many inhibitory 
(F) and retinal (RLP) inputs, whereas Y relay cells do not exhibit 
such features*'*, Also, synaptic triads and innervation from F2 
terminals are common to X relay cells and rare for Y relay cells’. 
Finally, the dendritic morphology and pattern of synaptic inputs 
of the postsynaptic cells differ markedly from such features of 
the labelled cell. 

The labelled dendritic terminals are connected to one another 
and to dendritic shafts by long, slender processes (Figs 2a, b; 
4). Processes from the dendritic shafts are 0.08-0.25 um in 
diameter and extend for 1.0-7.4 um before arborizing into the 
terminal clusters. Processes connecting the terminals are 0.03- 
0.33 um in diameter and extend up to 4 pm. Moreover, portions 
of the dendritic shafts between clustered terminals are also quite 
long and slender. Because of the expected high impedance of 
such connecting processes, the synaptic circuits of dendritic 
terminals may be electrically isolated from one another and 
from the dendritic shaft. As postsynaptic potentials derive from 
conductance changes in the postsynaptic membrane, the high 
impedance of the terminal and its connecting processes would 
severely restrict the amount of synaptic current flowing through 
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Fig. 4 Three-dimensional reconstructions from serial electron 
micrographs of a labelled cluster of dendritic terminals, including 
the stem dendrite and the single unlabelled group of dendritic 
appendages postsynaptic to these terminals. a, Labelled processes 
from the local circuit neurone. A small dendrite (d) from the 
labelled neurone emits a fine process (open arrow) that arborizes 
into 12 swellings, which are the dendritic terminals. The terminals 
receive inputs from RLP terminals (circles), unlabelled F terminals 
(triangles) and an RSD terminal (star); the labelled terminals also 
form nine synaptic outputs (closed arrows). b, Combined recon- 
struction of the labelled presynaptic processes (from a; stippled) 
and unlabelled postsynaptic dendritic appendages (from c; open). 
The synapses from the terminals (closed arrows as in a) are formed 
onto five appendages from a single unlabelled neurone presumed 
to be an X relay cell (see text). c, Unlabelled postsynaptic dendrite 
(d) with its eight appendages. These dendritic structures receive 
nine synapses from RLP terminals (circles), nine from labelled F 
terminals (stippled triangles; these correspond to arrows in a and 
b), 40 from unlabelled F terminals (filled triangles) and three from 
RSD terminals (stars). Triadic synapses (n = 16; see text) are 
indicated by overlapping pairs of symbols for RLP and F synapses. 
Scale bars, 1.0 um. 


the terminals'’. The limitation of current flow and the attenuat- 
ing properties of the connecting processes would dramatically 
limit the amplitude of the postsynaptic potentials conducted to 
the dendritic shaft and soma. Calculations based on our mor- 
phometric measurements and a passive electrical model of the 
postsynaptic membranes suggest that activation of an excitatory 
synapse located on a dendritic terminal would produce a post- 
synaptic potential seen at the dendritic shaft and soma that 
would be 10-100 times smaller than one produced from activity 
of an equivalent synapse located on a nearby dendritic shaft"’. 
Such electrical isolation implies that the clusters of dendritic 
terminals operate in very local microcircuits. It is thus interesting 
that the cell exhibits action potentials. An action potential could 
passively depolarize the entire dendritic arbor, including the 
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dendritic terminals, thereby changing the gain of transmission 
through these terminals in response to their synaptic inputs. 
Hence, the firing rate of the parent.cell could control the state 
of these microcircuits. 

_ However, electrical isolation of the dendritic terminal clusters 
is difficult to reconcile with certain properties of the labelled 
cell. We reconstructed the pattern of retinal inputs onto two- 
thirds of the labelled soma and on two of its three primary 
dendrites plus their daughter branches up to 60 um from the 
soma. This represents the most dense region of retinal synapses 
found on relay cells*. All but four of the retinal synapses contact 
the labelled dendritic terminals as described above. The excep- 
tions include one retinal synapse formed directly onto the soma 
(Fig.3b) and three retinal synapses on short spine-like 
extensions of the soma (data not shown). Such somatic sites of 
retinal synapses are extremely rare in geniculate neurones (refs 
3, 4; our unpublished observations). This pattern of retinal 
inputs contrasts sharply with that seen on X relay cells, for 
which hundreds of retinal synapses are formed proximally on 
dendritic shafts and short appendages*. Despite the presumed 
electrical isolation of the vast majority of retinal inputs to the 
labelled cell, it responded vigorously to visual stimulation and 
optic chiasm shock, much like an X relay cell. 

That the labelled ceil and identified X relay cells exhibit such 
striking morphological differences despite similar response 
properties seems particularly interesting and deserves further 
investigation. We suggest at least three explanations: (1) Many 
retinal synapses may be located on unreconstructed regions of 
the labelled neurone. (2) The few somatic inputs, particularly 
those on spine-like processes, may activate the cell effectively. 
Miller et al.’ recently suggested that active processes in spines 
may significantly amplify postsynaptic potentials, so that a few 
retinal synapses strategically located-on somatic spines might 
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effectively discharge the postsynaptic neurone. (3) The dendritic . 


terminals may not be isolated from each other, because our 
assumption that dendrites and their processes have passive 
electrical properties is invalid. 

Here, we have described.some aspects of intrinsic circuitry 
for the X pathway. The response properties of the labelled local 
Circuit neurone indicate that it is innervated and vigorously 
driven by retinal X axons. The labelled dendritic terminals are 
F2 terminals and the profiles postsynaptic to them seem to derive 
from X relay cells. In the synaptic triads, the local circuit neurone 
and X relay cells are innervated by some of the same retinal X 
axons. This is a plausible morphological substrate of feed- 
forward inhibition, for which there is physiological evidence*~’. 
Because of other synaptic inputs found on clusters of labelled 
dendritic terminals, we further conclude that the feed-forward 
circuit is partially under the control of cortical (RSD), other 
inhibitory (F) and other relay cell (RLD) inputs. Important 
features that remain to be determined include a comparison of 
the dendritic and axonal synaptic outputs of the cell, the extent 
to which clusters of dendritic terminals from the same local 
circuit neurone are electrically isolated and the effect of action 
potentials in the parent cell on transmission in the dendritic 
terminals. Similar circuitry for the Y pathway has not yet been 
described, and it may be qualitatively different. Inhibitory inputs 
to Y relay cells are predominantly associated with F1 terminals’, 
which may derive from extrinsic sources, such as the perigenicu- 
late nucleus”. j 

We thank C. Koch for help in deducing the amplitude of 
postsynaptic potentials from the morphological data, and J. 
Sommermeyer for artwork in Fig. 4. This study was supported 
by USPHS grants EY03604 and EY05688. 
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Presynaptic control of synaptic 
channel kinetics in sympathetic neurones 


Lawrence M. Marshall 


Department of Physiology, University of North Carolina School of 
Medicine, Chapel Hill, North Carolina 27514, USA 


The kinetic properties of synaptically activated ion channels are 
an important determinant of the duration of the synaptic currents 
that produce postsynaptic potentials in autonomic neurones’ and 
skeletal muscle*~. In the two types of principal neurones in frog 
sympathetic: ganglia, B and C cells, a twofold difference in the 
mean open time of the nicotinic acetylcholine (ACh-gated) ion 
channels accounts for the twofold difference in the decay rate of 
their fast excitatory postsynaptic currents (e.p.s.cs)’. The B and 
C cells are selectively innervated by two distinct classes of choliner- 
gic preganglionic axons called B and C fibres, respectively’. The 
present study examined the influence of the preganglionic nerve 
on the expression of synaptic ion channel properties in sympathetic 
neurones. B cells were denervated surgically and allowed to become 
innervated solely by preganglionic C fibres. These B cells, 
innervated by C fibres, acquired slowly decaying e.p.s.cs and long 
channel open times, characteristics normally seen in C cells only. 


_These findings provide the first evidence that the kinetic properties 


of postsynaptic channels can be determined by the particular class 
of axon innervating a neurone. 

Adult bullfrogs (Rana catesbeiana) were anaesthetized by 
immersion in a 0.1% solution of tricaine for 1h. A 1-2-mm 
section of the interganglionic trunk between the 6th and 7th 
paravertebral ganglia was removed bilaterally. This surgery 
interrupted only the preganglionic B axons because the pregang- 
lionic C axons enter the sympathetic chain at the more distal 
7th and 8th spinal .segments’*. For electrophysiological 
examination, the 7th-10th sympathetic ganglia and associated 
spinal nerves were removed and pinned in a recording chamber 
filled with Ringer’s solution’. Suction electrodes were applied 
to the 7th and 8th spinal nerves to stimulate preganglionic C 
fibres, to the sympathetic chain above the 7th ganglion to stimu- 
late the preganglionic B fibres, and to the sciatic nerve for 
antidromic stimulation of ganglion cell axons. Nerve conduction 
velocity was estimated by the ratio of the nerve length to the 
response latency (time between stimulus and response). To 
ensure accurate identification of neurones, experiments were 
limited to cells possessing antidromic conduction velocities 
exceeding 1 ms7' for B cells and less than 0.25 ms! for C cells. 
This avoided the possibility of confusing some more slowly 
conducting B cells with C cells’. 

Neurones in the 9th and 10th ganglia of operated and normal 
frogs were impaled with two microelectrodes under visual con- 
trol, and voltage clamped? at —50 mV. In the traces shown in 
Fig. 1, an antidromic shock for cell identification is followed 
70 ms later by an orthodromic stimulus. Figure 1a shows rep- 
resentative anti- and orthodromic responses recorded from a 
normal B cell; a short-latency antidromic response is followed 
by a short-latency orthodromic e.p.s.c. evoked by stimulating 
the fast-conducting preganglionic B fibres. A typical recording 
from a C cell (Fig. 1b) is easily distinguished from that of a B 
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Fig. 1 Examples of antidromic and orthodromic responses of a 
normal B cell (a), a normal C cell (b) and a B cell innervated by 
a preganglionic C axon (c). The first response in each digitized 
trace is the antidromic impulse current evoked by stimulation at 
A to identify the ganglion cells; the antidromic response latency 
is short for B cells (a, c) and long for C cells (b). The second 
response in each trace is the fast e.p.s.c. evoked by stimulation of 
the appropriate preganglionic nerves at 0. The latency of the e.p.s.c. 
indicates the type of innervating preganglionic axon; a short latency 
for B fibres (a) and a long latency for C fibres (b, c). Twenty-one 
days after surgery the B cell (c) receives C fibre input and has a 
slowly decaying e.p.s.c. similar to that of a normal C cell (b). 
Neurones were voltage-clamped at —50 mV, 21-23 °C. 


cell by the longer latencies of both the ortho- and antidromic 
responses, and by the more slowly decaying phase of the e.p.s.c. 

Three weeks after transection of preganglionic B axons, B 
ganglion cells were identified.by antidromic conduction velocity 


(>1ms™') and found to be innervated only by preganglionic 


C fibres, apparently from axon sprouting’®. Figure 1c shows a 
typical response of a B cell (short antidromic latency) to ortho- 
dromic stimulation of C fibres (long orthodromic latency); the 
B cells now have slowly decaying e.p.s.cs which are indistin- 
guishable from those of normal C cells’ (Fig. 3). Semilogarithmic 
plots in Fig. 2 show this clear change in the exponential decay 
time constant of the e.p.s.c, when a B cell is innervated by a 
preganglionic C fibre. 

One explanation is that this change in the time course of the 
€.p.s.c. is caused by denervation and subsequent reinnervation, 
regardless of the type of preganglionic axon. To test this possibil- 
ity, ganglia were totally denervated by cutting the B fibres as 
usual, and also severing the rami communicantes of the 7th and 
8th ganglia which carry all the preganglionic C axons. Within 
7-14 days, the B cells were reinnervated solely by B fibres, 
probably because the B axons are larger and grow much faster 
than the C axons. In this case, the B cells had a mean e.p.s.c. 
decay time constant that was not significantly different from 
that of normal B cells (Fig. 3). This finding indicates that the 
slower e.p.s.c. decay is a specific, response to innervation by 
axons of preganglionic C neurones. 

It is also possible that the kinetics of the e.p.s.c. in C fibre- 
innervated B cells are changed only transiently and will in time 
become normal. To maintain C fibre innervation of B cells, the 
operation was repeated in four frogs after 4-6 weeks to prevent 
the return of the preganglionic B axons?”. All 45 B cells examined 
90-110 days after the initial denervation had maintained the 
slow e.p.s.c. decay time normally seen in C neurones only. 
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Fig. 2 Exponential decay of e.p.s.cs from a normal B cell (a), a 
normal C cell (b) and a B cell with synaptic input from a C fibre 
(c). The amplitudes of e.p.s.cs from the traces in Fig. 1 are plotted 
on a semilogarithmic scale as a function of time after the peak 
and fitted to a least-squares regression line (continuous line). The 
decay time constants, calculated as the inverse slope of the 
regression line, are: a, 5.1 ms; b,9 5 ms; c,9 9 ms. Plot c is displaced 
2.5 ms along the time axis for clarity. 


E.p.s.c. decay time constant (ms) 





Fig. 3 Summary bar graph of mean e.p.s.c. decay time constants. 
When B cells are reinnervated by the native B fibres (B-B), the 
e.p.s.c. decay is not significantly different (P > 0.05) from that of 
B cells from normal (control) ganglia (B). Twenty-one days after 
the preganglionic B fibres have been severed, the B cells are 
innervated by C fibres (C-B) and have e.p.s.c. decay time constants 
that are not significantly different (P > 0.05) from those of normal 
C’celis (C). Error bars represent +1.0s.d. The number of cells 
examined are: a, 46; b, 14; c, 23, d, 28. Statistics are from Student’s 
t-test. 


This slower e.p.s.c. decay could be a result of the longer mean 
open time of the nicotinic ACh-gated channels as seen in normal 
C cells*. Mean channel open time was estimated by spectral 
analysis of membrane current fluctuations produced by a steady 
iontophoretic application of ACh from a micropipette posi- 
tioned 30-40 um above the neuronal surface*. Activation of 
muscarinic ACh receptors was blocked by 0.5 uM atropine 
sulphate present in the Ringer’s solution'’. Estimates of single 
channel conductance were similar for normal B cells, normal C 
cells and C fibre-innervated B cells (Table 1). The mean channel 
open time of C fibre-innervated B cells was not significantly 
different from that of normal C cells and nearly twice as long 
as that of normal B cells (Table 1). The close agreement between 
the mean channel open time of 9.5+1.8 ms (+s.d., 8 cells) and 
the e.p.s.c. decay time of 9.2+2.1 (+s.d., 23 cells) suggests that 
the synaptic current follows the relaxation of channels opened 
by a very brief exposure to ACh’. Preliminary results (L.M.M., 
unpublished) show no increase in the mean channel open time 
when B cells are totally denervated. Thus, the change to longer 
channel open time seen here probably occurs after innervation 
by preganglionic C axons. 
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to follow the temporal sequence of changes in channel properties 
that occur during reinnervation of these sympathetic neurones. 
Future studies of frog sympathetic ganglia may provide impor- 
tant insights into the mechanisms by which neurones interact 





Table 1 Channel properties obtained from spectral analysis? of 
ACh-induced membrane current fluctuations at —50 mV, 21-23 °C 





Open time Conductance* 


(ms) (pS) . 
mean +s.d. mean+ts.d. No. cells 
Normal B cells ` 5.2+0.9 173433 22 
Normal C cells 9.8 + 2.0 16.9427 15 
B cells with C fibre input 9.5+1.8 17.5+3.1 8 





* Single-channel conductance values are not significantly different 
(P>0.3; Student’s t-test). . 


Taken together, these results argue strongly that the expression 
of specific channel kinetics at synaptic contacts on sympathetic 
neurones depends on the type of innervating axon. Such a neural 
control of channel kinetics may be similar to the situation during 
the formation of the neuromuscular junction, where innervation 
by motor axons is accompanied by a reduction in the open time 
of ACh-gated channels'*-'*.- Experiments are in progress to 
examine the effects of electrical activity on channel kinetics and 





A crucial epileptogenic site 
in the deep prepiriform cortex 


Salvatore Piredda & Karen Gale 


Department of Pharmacology, Schools of Medicine and Dentistry, 
Washington, DC 20007, USA 


Antagonists of -y-aminobutyric acid (GABA)- or glycine-mediated 
neurotransmission, muscarinic cholinergic agonists, and excitatory 
amino acids and their analogues are all considered to be potent 
chemoconvulsant agents. However, although systemic injections of 
these agents have been used to create experimental models of 
generalized epilepsy, there has been no identification of a.specific 
locus at which any of these drugs act to initiate generalized seizures. 
We recently located a forebrain region from which seizures can 
be elicited.by the GABA antagonist bicuculline’, and now report 
that manipulations of excitatory amino acid transmission and 
cholinergic transmission can also elicit seizures from .this site. 
Bilateral clonic seizures can be elicited after unilateral application 
of picomole amounts of bicuculline, kainic acid or carbachol and 
micromole amounts of glutamate. Local application of the GABA 
agonist muscimol prevents the appearance of seizures on sub- 
sequent microinjection of all convulsant agents examined, whereas 
local application of the muscarinic antagonist, atropine, only 
prevents seizures induced by carbachol. This region is therefore a 
site of action for the epileptogenic effects of neuroactive agents 
with diverse mechanisms of action; it may also represent a site at 
which GABA agonists could function therapeutically to control 
epileptogenesis. v 
-Although certain brain regions such as hippocampus and 
amygdala are especially sensitive to the seizure-inducing actions 
of some epileptogenic agents as evidenced electrographically*~* 
or metabolically** experiments in which a single application of 
a low dose of a chemoconvulsant is placed directly into these 
and other brain regions have generally failed to elicit bilateral 
motor seizures. Intrahippocampal or intraamygdala application 
of relatively high doses of bicuculline or carbachol do not 
produce clinical seizure activity, despite the appearance of elec- 
trographic signs of seizure discharge under certain conditions* ’. 
Intracerebral application of nanomole amounts. of kainic acid 
can produce strong and long-lasting bilateral motor seizures®” 
but this effect is not anatomically selective, as it can be elicited 
from many injection sites in the forebrain’®. Although high doses 
of strychnine and bicuculline have been reported to evoke 
contralateral focal clonus after application to motor cortex, 
bilateral seizures did not occur with these treatments’*?*. We 
mt herefore investigated the effects of the application of chemocon- 





to specify the functional properties of synapses. 
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Fig. 1 Electrographic recording of generalized seizures elicited 
from deep prepiriform cortex by bicuculline (a), carbachol (b) 
and kainic acid (c). The cortical leads (Plastic Product Company, 
Roanoke, Virginia) were connected to screws implanted over the 
two frontal and the two parietal regions, and with an indifferent 
electrode screwed over the cerebellar region. Abbreviations: R, 
right; L, left; F, frontal; P, parietal; Ref, reference. The behavioural, 
correlate of these EEG traces are rearing and clonus of both 
forelimbs. The seizures started 2-3 min after the end of drug 

- injection. 6 
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vulsant agents into forebrain regions not previously examined 
in this context. 

Male Sprague-Dawley rats weighing 360-380 g were surgi- 
cally prepared under Equithesin anaesthesia at least a day before 
the experiments; screw electrodes for electroencephalogram 
(EEG) recording were connected to the skull and 22-gauge 
stainless steel guide cannulae were stereotaxically implanted. 
Bicuculline methiodide, kainic acid and carbachol were dis- 
solved in saline at 100 ng pi~}, strychnine sulphate and sodium 
glutamate were dissolved in distilled water at a concentration 
of 150 and 147 ng I~’, respectively. The drugs were then injec- 
ted (0.125 ul min™') via 28-gauge injection cannulae which 
extended at least 1 mm below the tip of the guide cannulae. The 
most consistently effective site for obtaining seizures with each 
of the drugs tested, with the exception of strychnine, corresponds 
to the following stereotaxic coordinates when the incisor bar is 
5 mm above the interaural line: 4 mm anterior to bregma, 3.0 mm 
lateral to midline and 6.5 mm below dura (see Fig. 2). 

All animals injected with bicuculline (49 pmol) or kainic acid 
(117 pmol) and 8 of 13 injected with carbachol (136 pmol) into 
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Fig. 2 Schematic diagram of coronal sections 
of rat brain based on the atlas of Pellegrino and 
Cushman'®. Large numbers on the right side of — 
the figures indicate rostrocaudal! level of section 
in mm anterior to bregma. See text for coordin- 
ates for deep prepiriform cortex. The locations 
of the tips of the injection cannula tracts were 
determined histologically in 50-um coronal sec- 
tions stained with neutral red. Circles indicate 
positions of cannula tips in rats treated respec- 
tively with bicuculline, carbachol or kainic acid. 
Where injection sites for kainic acid or car- 
bachol did not overlap with sites for bicuculline, 
these are denoted with triangles (kainic acid) 
or squares (carbachol). Different symbols are 
used for different levels of seizure score and/or 
for seizure latency. (measured from beginning 
of infusion). @, W, A, Maximal responses, score 
4-5 and latency <7 min; ©, partial or delayed 
response, score 4-5 and latency >7 min or score 
2-3; ©, weak or barely perceptible response, 
score 1; O, O, no response. AC, Anterior com- 
missure; C, claustrum; CC, corpus callosum; 
CP, caudate-putamen; NA, nucleus accum- 
bens; OT, lateral olfactory tract; PC, piriform 
cortex. 


this region showed bilateral clonic seizures before or within 
3min after the end of the infusion (Table 1). Strychnine 
infusions did not induce seizures even at high doses (450 pmol). 
The seizures induced by the focal injections of kainic ‘acid, 
bicuculline and carbachol usually began with myoclonic jerks 
which rapidly progressed to clonic movements of the forelimb 
contralateral to the injected side. Occasionally, mouth and facial 
clonus were observed. In most cases, seizures developed within 
a few minutes to a stage in which both forelimbs showed clonus, 
with rearing and falling occurring (stages 4 and 5). The duration 
of each clonic seizure ranged from 5 to 30s. In all rats, more 
than one seizure was observed during the 30 min following the 
infusion of the drug and in- some cases seizures. induced -by 
kainic acid recurred continually for 6-8 h. Although injections 
were always unilateral, the EEG showed bilateral single spikes 
or sharp waves concomitantly with each myoclonic jerk, and 
prolonged bilaterally synchronous spiking activity during the 
clonic seizures (see Fig. 1). Recordings made with depth elec- 
trodes in other rats revealed that the epileptiform activity started 
in the form of single spikes near the injection site; these spikes 


~ 


Table 1 Anticonvulsant effect of-atropine and muscimol against bilateral motor seizures elicited from deep prepiriform cortex (DPC) by bicuculline, 
carbachol and kainic acid : 


Muscimol Atropine 

Control 39 pmol 79 pmol 143 pmol 20 nmol 
Bicuculline Incidence of clonus 11/11 0/3 3/3 3/3 
49 pmol Seizure score 4.1+0.1 o* 4.040 4.7+0.3 
Carbachol Incidence of clonus 8/13 0/6 1/10 
136 pmol Seizure score 2.70.6 o* 0.4+0.1* 
Kainic acid Incidence of clonus 5/5 3/3 2/6 3/3 , 3/3 
117 pmol Seizure score 4.0+0.3 4.3+0.3 1.3+0.8* 4.3+0.3 4.3+0.3 





Bicuculline (49 pmol), carbachol (136 pmol) or kainic acid (117 pmol) were infused over a period of 2 min into DPC. Atropine (143 pmol or 
20 nmol) or muscimol (39 or 79 pmol) were microinjected 5 min before convulsant infusions. Rats were observed for 30 min after the injection of 
convulsants and the seizure score and the latency of seizure were recorded using a five-point seizure score scale. (1) myoclonic jerks of the 
contralateral forelimb; (2) mild forelimb clonus (+mouth and facial movements—clonus of jaw and vibrissae and head nodding) lasting at least 
5 s; (3) severe forelimb clonus lasting more than 15 s; (4) reading in addition to severe forelimb clonus, (5) rearing and falling ın addition to severe 
forelimb clonus. A score of zero was assigned if there was no evidence of convulsive activity. Scores 4 and 5 are defined in the same way as 
originally described by Racine for kindled seizures’®; some investigators classify seizures of this severity as generalized motor seizures'?-”*. 

* Significantly different from the-control group (Mann-Whitney U-test for non-parametric grouped data, P< 0.05). 
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diffused cortically and subcortically to all regions explored. 
During this period, there were usually no clinical seizure corre- 
lates. Within 2-5 min, ictal activity, associated with clonic 
seizures, appeared with bilaterally synchronous onset in all 
cortical and subcortical structures explored. Infusions of saline 
in the same site were without effects on motor or EEG activity. 

To determine site specificity, we evaluated the effect of 
infusions of bicuculline, carbachol or kainic acid placed 1.0- 
2.0 mm from the ‘active’ site described above: in most cases, no 
seizure activity was obtained (Fig. 2). In those cases in which 
seizures were observed, they occurred only after a significant 
delay (more than 7 min) and were consistently less severe than 
those obtained from the active site (Fig. 2). 

The GABA ‘receptor agonist muscimol (39 pmol; 0.25 wl; 
2min), prevented both bicuculline and carbachol-induced 
seizures. A higher dose of muscimol (79 pmol; 0.25 wl; 2 min) 
was required to prevent kainic acid-induced seizures (Table 1). 
Blockade of muscarinic cholinergic receptors with atropine sul- 
phate (143 pmol; 0.25 wl; 2 min) prevented seizures induced by 
carbachol, but was ineffective against seizures induced by the 
other chemoconvulsants, even when atropine was injected at a 
dose (20 nmol; 0.5 ul; 4min) >100 times greater than that 
required to block carbachol seizures (Table 1). These data, taken 
together with the absence of an effect of strychnine, indicate 
that specific receptor mechanisms mediate seizure responses at 
this forebrain site, and suggest that GABA receptors exert inhibi- 
tory control over neurones in this region that may be responsive 
to multiple excitatory influences. 

As seizures induced by blockade of GABA inhibition (by 
bicuculline) are not prevented by atropine, it seems that the 
cholinergic system in this area is not necessary for seizure 
initiation; at least one other source of excitatory drive must 
function in this capacity. The excitatory amino acids are-likely 
candidates, so we examined the effect of glutamate injections 
(1 pmol; 1 wl; 8 min) in this area. Of 5 rats tested, 3 showed 
generalized clonic seizures in response to injection of 1.0 pmol 
glutamate. This is consistent with the possibility that glutamate 
or another excitatory amino-acid transmitter, such as aspartate, 
could be responsible for initiating seizures from this site. More 
extensive pharmacological studies will determine whether acti- 
vation of receptors for excitatory amino acids is actually required 
for the seizures. 

The doses of convulsants effective for producing seizures 
following our focal injections are considerably lower than have 
been previously applied to other forebrain areas in attempts to 
produce seizures. Even in doses more than 20 times higher than 
the doses we used, neither bicuculline nor carbachol caused 
seizures when placed in amygdala or hippocampus®’*’°; when 
placed in the cortex, these high doses have produced, at most, 
only focal seizure activity'*. Injections of kainic acid in doses 
30-40 times higher than the dose we used are required to induce 
bilateral motor seizures from forebrain sites such as hippocam- 
pus’, amygdala® or striatum'®. It is therefore possible that 
seizures obtained following high doses of convulsants placed 
elsewhere in the forebrain may, in fact, be caused by diffusion 
of small amounts of drug to the region we have identified. 

Some of the chemoconvulsants that we have examined have 
been previously shown to elicit convulsions on repeated focal 
injections in sites such as amygdala or neocortex. In particular, 
kindied seizures are obtained with repeated injections of 
bicuculline (nanomole amounts) but not carbachol into cortex®, 
or with repeated injections of carbachol (nanomole amounts), 
but not bicuculline, into amygdala*'*. It is apparent that the 
site from which we have elicited seizures is distinct from these 
sites in three important ways: (1) it is considerably more sensitive 
(seizures are elicited with lower doses of chemoconvulsants than 
required to evoke seizures in the kindled animals); (2) it does 
not require repeated stimulation in order to elicit bilateral motor 
seizures; and (3) it is responsive to chemoconvulsants with a 
variety of mechanisms of action. On the other hand, there is 
marked similarity between the motor seizures induced by kind- 
ling’® and those elicited by our focal injections, raising the 
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possibility that development of kindled seizures might depend 
on a progressive facilitation of activity in a neuronal circuit 
involving the site that we have identified. In an analogous 
fashion it is possible that, following systemic injection of 
chemoconvulsants, the early signs of seizure activity observed 
electrographically in areas such as hippocampus and amygdala 
may be a secondary consequence of activation of neurones in 
the vicinity of our focal injection site. 

The fact that bilaterally synchronous seizure activity con- 
sistently and rapidly occurred following unilateral application 
of the chemoconvulsants into the deep prepiriform cortex sug- 
gests that this area may be a source of excitatory drive to limbic 
and cortical structures of both hemispheres. Anatomical studies 
have demonstrated significant commissural projections from this 
area, as well as homolateral projections to entorhinal cortex”. 
Clearly, it will now be important to characterize the functional 
interconnections between the site that we have identified and 
other limbic areas thought to play a significant role in chemocon- 
vulsant seizures. As this site in the deep prepiriform cortex seems 
able to trigger bilateral motor seizures in response to manipula- 
tions of cholinergic, GABAergic and excitatory amino acid- 
receptors, it could represent a common denominator for seizure 
models previously thought to be. generated via distinct neural 
circuits. 
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Inverse relationship of the durations 
of adjacent open and shut 
intervals for Cl and K channels 


O. B. McManus, A. L. Blatz & K. L. Magleby 


Department of Physiology, University of Miami School of Medicine, 
Miami, Florida 33101, USA 


Ion channels in cell membranes, whether voltage-dependent or 
activated by ligands, make repeated transitions among open and 
shut states during activity’’. Information about the number of 
states and the transitional pathways between them can be obtained 
from the durations of open and shut intervals, as transitions to 
states of different lifetimes result in intervals of different mean 
durations’. If there is only one open conformation, or state, then 
the durations of open intervals would be independent of the dur- 
ations of adjacent shut intervals. On the other hand, if a channel 
has two or more open states with different mean lifetimes, and if 
each open state is entered directly from a different shut state with 
a different mean lifetime, then the open intervals should be related 
to the adjacent shut intervals. We now report that the durations 
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of adjacent open aid shut intervals for both a Cl channel and a 
large conductance Ca-activated K channel in skeletal muscle are 
inversely related; shorter open intervals are adjacent to longer 
shut intervals. These findings indicate that two or more shut states 
make direct transitions to two or: more open states, and suggest 
that the lifetimes of atyeceat open and shut states are inversely 
related. 

Figure la shows dagiscchadtel currents’ through a large 
conductance Ca-activated K. channel! (BK channel)*’ and a C1 
channel with fast kinetics active at resting membrane potentials’. 
Closing and opening of the channels is clearly indicated by the 
abrupt steps in current level. Both channels display bursts of 
openings and have widely varying durations of open and shut 
intervals, suggesting multiple open and shut states. . 

Figure 1b presents the relationship between adjacent open 
and shut intervals for the BK channel. The mean duration of 
all open intervals adjacent to shut intervals within a specified 
range of durations is plotted against the mean duration of the 
specified shut intervals. As the specified shut intervals became 
longer, the mean durations of the adjacent open intervals became 
shorter. Similar results were obtained for the Cl channel 
(Fig. 1c). Because the lifetitnes of the different states of a channel 
are exponentially distributed, it is impossible to determine which 
state produces any given interval. However, intervals from states 
with shorter lifetimes would be, on average, shorter than inter- 
vals from states with longer lifetimes. Thus, the results in Fig. 1 
suggest that open states with shorter lifetimes are adjacent to 
shut states with longer lifetimes. _ 

A similar inverse relationship between the durations of adja- 
cent open and shut intervals was found when the mean shut 
intervals adjacent to specified ranges of open intervals were 
determined (Fig. 2). Results similar to those shown in Figs 1 
and 2 were obtained in six out of seven ‘membrane patches 
containing either a single BK or Cl channel. In the one experi- 
ment with atypical results (Cl channel), the durations of adjacent 
open and shut intervals appeared relatively independent, rather 
than inversely related. 

Because of the necessarily limited time resolution of single- 
channel data, brief intervals are not detected, leading to an 
increase in the observed duration of open and shut intervals*®” 
We have also analysed data that were corrected for missed brief 
intervals (manuscripts in preparation) and found an inverse 
relationship between the lifetimes of adjacent open and shut 
states for the models examined, although the magnitude of the 
effect was less. . 

The findings in Figs 1 and 2 exclude models for the BK and 
Cl channels in which there is only one transition pathway 
between the open and shut states: 


CeCeCe0e0 (1) 


where C represents closed states and O open states. Models 
with only one transition pathway between open and shut states 
require that the mean durations of adjacent open and shut 
intervals be independent. 

The findings in Figs 1 and 2 are consistent with ‘models in 
which two or more shut states make direct transitions to two or 
more open states. A general case for such a model is presented 
in scheme 2 


Cie C, 6 C,eC,.. C, 


a a a a (2) 
0,@0,<0,¢0,...0, 


where C, is the shut state of longest lifetime and O, is the open 
state of shortest lifetime. A decrease in the lifetimes of shut 
states from C, to C, and an increase in the lifetimes of open 
states from O, to O, would give rise to an inverse relationship 
between durations of adjacent open or shut intervals (Figs 1, 
2). The number of states would depend on the channel. Some 
states may be too brief to detect or may be entered infrequently, 
such as O, and O,, and some of.the transition rates between 
the states may be insignificant. 
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Fig. 1 Single-channel data used to determine the relationship 
between adjacent open and shut intervals: a, Records of currents 
through a single large conductance Ca-activated K channel (BK 
channel, upper trace) and a single Cl channel (lower trace) Arrows 
indicate close-channel current level. Vertical and ‘horizontal bars 
are 9pA and 3.8 ms, respectively, for the BK channel and 5pA 
and 10 ms for the Cl channel. b, c, Relationship between the dur- 
ations of specified shut intervals and adjacent open intervals for 
BK. channel (b) and Cl channel (c). The range of specified shut 
intervals for each plotted point is indicated by the vertical lines 
along the logarithmic abscissa. We analysed 64,000 intervals for 
the BK channel arid 85,000 for the CI channel. The inverse relation- 
ship between adjacent open and shut intervals shown here and in 
Fig. 2 is not caused by false events resulting from baseline noise 
because the filtering was sufficient to reduce baseline noise below 
the threshold level for detection of channel opening and closing 
Methods. a, The patch-clamp technique* was used to record cur- 
rents through single channels in inside-out patches of membrane 
excised from primary cultures of rat muscle cells'’ For the BK 
channel the solution at the intracellular side of the membrane 
contained, in mM: 145 KCI, 2 TES buffer, 1 EGTA and 0.9 Ca** 
(free Ca** = 0.7 pM), pH 7.2. The extracellular solution was similar 
but contained no added Ca**. The membrane potential was held 
at +30 mV, intracellular side positive. Low-pass active filtering at 
5 kHz (—3 dB), 24 dB per octave. Temperature, 22 °C. For the Cl 
channel the intracellular solution contained, in mM: 1,000 KCI, 
5 TES, 0.5 EGTA, pH 7.2. The extracellular solution contained, in 
mM: 140 KCl, 5 TES, 0.5 EGTA and 57 pM added Ca?* (free Ca?* 

107~® M). Membrane potential, —40 mV; 3.1-kHz (—3 dB) low-pass 
filtering; temperature, 7.6°C. b,c, Durations of open and shut 
intervals from membrane patches containing a single channel were 
measured by computer (PDP 11/23) and stored in sequential order. 
Channel opening and closing was taken to occur at the time the 
current crossed a threshold, typically set midway between the open 
and shut current levels. The stored sequential data were searched 
for shut intervals whose durations fell in a series of specified ranges 
and the mean duration of the open intervals that occurred immedi- 
ately before and after the shut intervals ın each range was calcu- 
lated. Mean open intervals were then plotted against the mean of 
the shut intervals in each specified range. Correcting brief intervals 
for underestimation of duration introduced by the threshold- 
crossing measurement technique’ had negligible effects on the 
results: the corrected data were essentially unchanged from the 
uncorrected plotted data except for a slight shift of about one 
symbol diameter to the right for the first plotted symbol The 

correction was even less for Fig. 2. 


Scheme 2 is consistent with models for the BK and acetylcho. 
line receptor channels that have been derived in different man. 
ners from dose-response curves; distributions of open and shu 
intervals and correlation of open or shut intervals'®"'*. In thes 
models the binding of acetylcholine to the acetylcholine recepto: 
channel or of Ca to the BK channel drives the reaction schemi 
to the right and down towards the longest open state. Schemi 
2 also has some features in common with allosteric models tha 
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> Fig.2 Relationship between the durations of specified open inter- 
vals and adjacent shut intervals in: a, the BK channel and b, the 
-. Cl channel. Experiments are the same as in Fig. 1, but the data 
: -were analysed to find the mean of the shut intervals adjacent to 
i open intervals of specified duration. For the Cl channel, all shut 
intervals > 50 ms (~100 out of 42,500 intervals) were set equal to 
CO. §0.ms to reduce excessive variation in the durations of the mean 

_- shut intervals that would result from the few long shut intervals. 
The same general relationship, but with greater mean shut interval 
duration and more variation between adjacent points was observed 

when this condition was not set. 





~~ have been proposed for the binding of oxygen by haemoglobin'® 
-= Thus, scheme 2 may represent a general model for at least three 
types of channels as well as some other types of allosteric 
proteins. 
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<` Resting T lymphocytes may be activated either physiologically, by 
the specific recognition of antigen in association with molecules 
encoded by the major histocompatibility complex (MHQ), or 
~ non-physiologically using mitogens such as concanavalin A (Con 
A). The former activation process is difficult to analyse because 
resting precursor T cells specific for a particular antigen-MHC 


















_ combination can only be isolated in the presence of a large excess 
of bys: ander cells of eee specificity ; clonal populations of. 









uniform specificity a are snot useful for studying the activa 
naive T cells because there is no reason to believe that such 
cells ever return to the state of resting precursors. Mitogen m 
activate a large fraction of resting T cells, but analysis is ag: 
complicated because the target molecule(s) of most mitogel 
unknown and the relationship of this kind of activation to physic 
logical induction by antigen plus MHC molecules remains uncle 
By using a monoclonal antibody specific for the antigen recept: 
on ~25% of all T cells of both Lyt 2* and Lyt 2” subset: 
have studied the induction of lymphokine responsiveness in 
normal T cells, This antibody, immobilized on Sepharose 
is sufficient to activate Lyt 2* T cells, but not Lyt 2~ T cell 
clonal expansion in the presence of a mixture of lymphok 
(10% rat spleen Con A supernatant). We report here that: 
growth of the T cells obeys single-hit kinetics in limiting-dilut 
microcultures, suggesting that a single cell type is limiting. 
conclude that cytotoxic T-lymphocyte (T.) precursors require 
ligation of the antigen receptor before they become responsive 
lymphokines, whereas helper T-lymphocyte (T,,) precursors requir 
additional signals. : 
The monoclonal antibody F23.1 recognizes the T-cell antige 1 
receptor on ~25% of T cells in most mouse strains’. Intact 
F23.1 antibody in the presence of accessory cells, and either 
intact antibody or F(ab’), fragments coupled to Sepharose 
beads, are mitogenic in bulk cultures for resting T cells in the 
presence of rat spleen Con A supernatant (ConASN). Further: 
more, the majority of viable cells in such cultures are Lyt 2* T 
cells (U.D.S. and M.J.B., manuscript in preparation). To study 
the distribution of the F23.1 determinant on T cells of both Lyt 
2* and Lyt 2” subsets, BALB.B (C.B) lymph-node T cells were 
stained with the monoclonal antibodies GK1.5 (anti-L3T4), 
53.6.72 (anti-Lyt 2}. and F23.1, then with a second layer of 
fluorescein-coupled goat anti-mouse immunoglobulin. By 
fluorescence-activated cell sorting (FACS) analysis, unseparated 
T cells were 70.0% L3T4", 18.0% Lyt 2°, and 23.0% carried 
the F23.1 determinant (Fig. la, b). Cells pre-killed with the 
anti-Lyt 2 antibody plus complement were 95.5% L3T4*, no 
cells were scored as Lyt 2” on restaining, and 20.9% were F23.17 
(Fig. 1c, d). Thus, both L3T4* T, precursors and Lyt2* T. 
precursors express the F23.1 determinant. This is not surprising 
as available evidence suggests that the two subsets of T cells. 
use the same structural units in their antigen receptor, both 
express the allotypic determinant defined by monoclonal anti- 
body KJ16-133 (ref. 2), and both rearrange and transcribe the 
same a- and -chain genes’. : 
The induction of lymphokine responsiveness in T cells by th 
F23.1 anti-receptor antibody immobilized on Sepharose beads 
was examined by culturing limiting numbers of C.B lymph-nod 
T cells in the presence of approximately 1,000 such beads pe 
half-area microwell. Bovine y-globulin (BGG)-conjugate 
beads were used as a negative control. ConASN at a saturati 
final concentration of 10%, with residual Con A neutralized b 
addition of a-methyl. marinoside, was used to provide ly 
phokines including interleukin-2 (IL-2) (ConASN at 5% wa 
suboptimal, but higher concentrations up to 40% produced 
greater effect). After 7 days of incubation, cultures were scor 
for clonal expansion by either measurement of `H- thymidi 
(-H-TdR) incorporation or direct inspection. Similar numb 
of positive cultures were detected by the two techniques. Posit 
cultures contained one or several clusters of typically 50-1,00 
activated cells that were adhering to the F23.1-Sepharose bead 
(Fig. 2). Cultures with BGG-Sepharose beads never contain 
any such clusters. The frequencies of responding precursor cell 
were calculated using the Poisson distribution’. 
Among unselected lymph-node T cells, 1 in 55 generated 
clone under these conditions (range 1/55 to 1/96; 6 expe 
ments). However, when Lyt 2* T cells were eliminated by prio 
treatment of T cells with the anti-Lyt 2 monoclonal antibod 
AD.415 plus rabbit complement, clonal precursors were eiti 
drastically reduced in- frequency (other experiments) or abol 
ished completely (Fig. 3a). To verify that the preparation p re 
cedure did not t severely compromise the ° ability of iy 2 T cel 
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Fig. 1 Distribution of the F23.1 determinant on Lyt 2* and Lyt 27 
T cells. Lymph-node cells of BALB.B adult female mice were 
treated with J1ld° B cell-specific monoclonal antibody (ascites 
fluid diluted 1:24) in a and b or with Jlld plus AD415 (ref. 10) 
anti-Lyt 2 monoclonal antibody (ascites, 1:50) in c d, followed 
by rabbit serum (1:20) as a source of complement. Surviving cells 
were recovered by Ficoll centrifugation and stained at 37 °C for 
20 min with either the anti-L3T4 rat monoclonal antibody GK1.5 
(ref. 11) (ascites, 1:20) in a, c, or the monoclonal antibodies 53.6.72 
(ref. 12) (rat anti-Lyt 2; ascites, 1:50) or F23.1 (mouse anti-T-cell 
receptor allotype; ascites, 1: 100) in b, d; this was followed after 
two washes by incubation with fluorescein isothiocyanate (FITC)- 
conjugated goat anti-mouse immunoglobulin for 20 min at room 
temperature. Cells were analysed for fluorescence on a Becton- 
Dickinson FACS IV. B-cell-depleted lymph-node cells were 70.0% 
L3T4*, 18.0% Lyt 27, 23.0% F23.1*. Such cells, additionally de- 
pleted of Lyt 2° T cells, were 95.5% L3T4™, 20.9% F23.1° and 
none was Lyt 2°. Thus, F23.1 reacts with Lyt 27 as well as Lyt 2* 
T cells. 


_ to respond under any circumstances, unselected and Lyt2° T 


cells were stimulated in small-scale cultures with either F23.1- 


Sepharose beads or Con A in the presence of syngeneic spleen 


cells. The response of 5,000 Lyt 2~ T cells to Con A (4,337 c.p.m.) 
was about one-third of the response of unselected T cells 


(11,884 c.p.m.), whereas the response to F23.1 represented only 
1% of that of unselected T cells (375 c.p.m. versus 35,638 c.p.m.). 


This result argues that the Lyt 2° T cells, which were unrespon- 


_ sive to F23.1-Sepharose, were nevertheless viable and functional 
under appropriate activation conditions. Lyt 2* T cells were 
clearly necessary for the growth of clones in response to the 
immobilized anti-receptor antibody plus ConASN. To show that 


_ T cells of this subset were also sufficient to act as clonal precur- 


‘sors, purified Lyt 2* cells were prepared by positive selection 


using tissue culture dishes coated with the anti-Lyt 2 monoclonal 
antibody 3.168. The T cells adhering to such dishes, recovered 


by vigorous pipetting, comprised 2.0% B cells, 95.9% Lyt 2° 


and 0.7% L3T4* on restaining and FACS analysis. These 
positively selected Lyt 2* T cells were diluted in limiting numbers 
into microcultures containing F23.1-Sepharose beads and 
ConASN. Positive selection resulted in an increase in clonal 
precursor frequency from 1 in 96 (unselected) to 1 in 20 (posi- 
tively selected); see Fig. 3b. As the frequency of responding cells 
(5.0% ) exceeds the FACS frequency of B cells, T, precursors 
or unstained non-B, non-T cells, none of these cell types can 
possibly be limiting in the culture system used here. 

These studies show that Lyt 2* T, precursors are directly 
stimulated by F23.1 antibody immobilized on Sepharose beads, 
and become responsive to soluble mediators present in ConASN 


t 


‘us 
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Fig. 2 Growth of T lymphocytes stimulated with F23.1 antibody 
coupled to Sepharose 4B beads. A 7-day culture was photographed 
using a Nikon Diaphot inverted microscope with a low-power (4) 
objective. The field shows a cluster of activated cells adhering to 
antibody-coated beads. Culture conditions as in Fig. 3 legend. 


which support their clonal expansion. Lyt 2”, L3T4* T, precur- 
sors, in contrast, are inert in this assay despite the fact that their 
antigen receptors carry the F23.1 determinant. In the experi- 
ments described so far, we used F23.1 antibody conjugated to 
beads at very high density (2.8 mg ml‘ in the coupling solution) 
and it is very difficult to imagine that greater ligand density is 
required to trigger L3T4* precursor T cells. However, to test 
the possibility that L3T4* T cells were unresponsive because of 
a non-physiological excess of receptor ligand, Sepharose beads 
were prepared with mixtures of F23.1 and bovine albumin to 
give a total protein concentration of 2.0 mg ml in the coupling 
reaction, and a 1,000-fold range of F23.1 concentration (from 
2mg ml" to 2y4.g ml in 10-fold steps). Unseparated T cells 
were responsive to beads coupled to 2.0 and 0.2 mg ml™' F23.1, 
but to no lower concentration. Lyt 2” T cells remained unrespon- 
sive at any concentration of F23.1 tested. At first sight, this 
absolute distinction is difficult to reconcile with findings in 
F23.1-activated bulk cultures, where a small proportion of viable 
L3T4* T blasts are reproducibly present after 4 days of culture 
(U.D.S. and M.J.B., in preparation); the precursors of such cells 
must either represent a rare Lyt 2” population (because they. 
are undetectable in microcultures where T cells are limiting) or 
must instead carry Lyt 2 as well as the potential to express L3T4. 
It is possible that these cells represent T, precursors that are 
already activated in vivo and which are present in small numbers 
among resting T-cell preparations. 

It is well known that T, precursors may be induced to respond 
to helper signals following stimulation by a wide variety of cell 
types, which may be either viable or metabolically inactivated, 
whereas T, precursors are triggered only by viable macrophage- 
like MHC class II-positive cells, known collectively as accessory 
cells. T cells of the Lyt 2* subset, but not of the L3T4* subset, 
may also be activated in bulk cultures by soluble Con A in the 
apparent absence of accessory cells*. Such activated Lyt 2* T 
cells express the IL-2 receptor® and respond (by proliferation) 
to partially purified murine® or pure recombinant human IL-2 
(ref. 7). However, mitogenic lectins might activate T cells 
through pathways which do not involve the antigen receptor. 
For example, the mitogen phytohaemagglutinin (PHA) induces 
a rapid increase in intracellular Ca** concentration in human 
T cells, and this increase is inhibited by pretreatment of the T 
cells with antibody against the T11 molecule, suggesting that 
PHA activates T cells by binding to T11 (ref. 8). In addition, 
even purified Lyt 2* T cells in small-scale cultures could present 
Con A to each other and thereby deliver structural and soluble 
signals which are difficult to define. 
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3 Fig. 3. a, Lymph-node ‘T cells from a single 6-week-old female 
_ BALB.B mouse (@), or such cells depleted of Lyt 2* T cells (I8), 
‘were prepared using monoclonal antibodies as described in Fig. 1 
BOs < legend {such T cells are not highly purified with respect to 
macrophage contamination). Various mean numbers of cells from 
~~ 10 to 100 were cultured in groups of 24 in half-area flat-bottomed 
‘microwells (Costar 3696) with 100 pl of RPMI 1640 medium con- 
taining. 10% (v/v) fetal calf serum (FCS; Flow Laboratories), 
3x 107° M 2-mercaptoethanol and glutamine, penicillin and strep- 
~-tomycin, plus 10% supernatant from rat spleen cells stimulated 
c for 40h with 2 ug ml7' Con A. Residual Con A was neutralized 
-by the addition of 50mM _ a-methyl mannoside. Microwells con- 
tained ~ 1,000 Sepharose 4B beads (Pharmacia) CnBr-conjugated 
with F23.1 monoclonal antibody (2.8 mg ml™ in coupling buffer) 
_~. or BGG (2.7 mg mI“) as a control. After 7 days of culture at 37°C 
ina $% CO, incubator, microwells were either pulsed with 0.5 pCi 
 “H-TdR and harvested after 18 h (miniMASH, M.A. Bioproducts) 
. for liquid scintillation counting (Tri-Carb 300, Packard), or scored 
for clonal growth by direct inspection using an inverted phase- 
contrast microscope (Diaphot, Nikon), as in this experiment. The 
figure shows least-squares regression lines of the natural logarithm 
of the fraction of microcultures that were negative (In Fy) on the 
average number of semi-purified T cells or Lyt 2-depleted T cells 
= = per- culture. Precursor frequency (f) estimation is described in 
 ref.4, b, Semi-purified lymph-node T cells were prepared as 
described in Fig. 1 legend. Positively selected Lyt 2* purified T 
eels were prepared by additional treatment with GK1.5 anti-L3T4 
¿monoclonal antibody before the complement step, followed by 
-> panning’? on Falcon 1005 Petri dishes pre-coated by a 1-h incuba- 
<- tion at room temperature with monoclonal antibody 3.168 (ref. 14) 
>. (anti-Lyt 2; ascites, 1:100). Non-adherent cells were removed by 
_-10-cycles of washing by indirect pipetting with Hank's balanced 
oe salt solution (HBSS) containing 5% FCS, then adherent cells were 
collected (with ~75% recovery) by repeated direct pipetting. Such 
. cells, stained for FACS analysis as described in Fig. 1 legend, were 
95.9% Lyt 2* T cells, 0.7% L3T4* T cells, 2.0% B cells, with 1.4% 
‘not accounted for. Unselected semi-purified T cells or positively 
elected Lyt 2* cells were cultured in limiting dilution with F23.1- 
Sepharose 4B beads and ConASN as described for a, and scored 
| for clonal growth at 7 days. 










` By activating resting T cells using a ligand of the antigen 
_ receptor immobilized on Sepharose beads, these difficulties have 
been avoided. Thus, we conclude that cells bearing antigens 
plus MHC class I molecules need deliver no physica} activation 
ignal to resting T, precursors beyond ligation of the antigen 
eceptor; thereafter, they require only soluble mediators for 
lonal expansion. In contrast, T, precursors require additional 
mundefined) signals as well as antigen receptor ligation. As the 
‘23.1 antibody recognizes the antigen receptors of both T-cell 
- ubsets, the different and more exacting activation requirements 
resting T, precursors cannot be explained by their possession 
different specificity repertoire which is only engaged by 
tigens presented by MHC class Usporaye Re a cells, 
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The pathogenesis of Epstein-Barr (EB) virus-positive Burkitt’s 
lymphoma (BL) appears to involve the combined actions of a) 
virus-induced B-cell proliferation, and (2) a rare chromosomal | 
translocation juxtaposing c-myc and immunoglobulin gene loci in 
a single B cell; holoendemic malarial infection in some way 
facilitates the oncogenic process’. Qutgrowth of the EB 
virus-positive tumour suggests either breakdown or evasion of 
those immune controls, in particular cytotoxic T-cell responses _ 
against the virus-induced lymphocyte-detected membrane antigen 
LYDMA, which limit virus-infected B-cell numbers in healthy 
virus carriers“. Immunosuppression, such as that which malarial | 
infection may induce*®, cannot itself be a sufficient explanation 
in this regard since our studies have identified a number of BL : 
patients who retain detectable LYDMA-specific T-cell surveill- 
ance’, The present work shows that in many cases of virus-associ- 
ated BL, the emerging malignant clone is insensitive to such 
surveillance. Several EB virus-positive BL cell lines, recently estab- 
lished in vitro and expressing the class I histocompatibility locus 
antigens (HLAs) which restrict cytotoxic T-cell function, were no 
killed by HLA-matched LYDMA-speci tions | 
assays where the EB virus-positive lymphoblastoid cell line (LCL 
derived from normal B cells of the same patient, sustained: high 
levels of lysis. 

Table 1 gives details of the BL/LCL paired lines established 
for the purpose of this study either from endemic. (high 
incidence, holoendemic | malaria-associated) or from sporad 
cases of EB virus-positive BL. Tumour cell lines arose by direct 
outgrowth from BL biopsies, whereas LCLs were obtained from 
normal B cells either spontaneously or by infection in vitro with 
the B95-8 strain of EB virus®; all lines were positive for the EB 
virus-coded nuclear antigen EBNA. In each case the BL ce 
line could be pein a from its corresponding LCL. by th 
presence of a specific t(8, 14) chromosomal translocation an 
by a characteristic pattern. of reactivity with a selected pa 
monoclonal antibodies against B-cell-associated surfac 
gens’. In the present. experiments, the target cells in- 
















































































Fig. 1 Levels of class | HLA antigen expression on a, Ous BL 
and LCL cells, and b, Lat BL and LCL cells. Viable cells taken 
_ from exponentially growing cultures of the relevant cell line were 
-” exposed to the mouse 1gG2a monoclonal antibody W6/32 (Seralab; 
: 1:200 dilution of ascitic fluid) binding a common framework 
determinant on all class I HLA molecules. After incubation for 
1h at 4°C, the cells were washed twice in phosphate-buffered 
-saline containing 5% normal goat serum (PBS-NGS) and exposed 
for a further 1h.at 4°C to a fluorescein isothiocyanate (FITC)- 
conjugated goat anti-mouse IgG (Sigma; 1:100 dilution). After 
‘wo further washes in PBS-NGS, the cells were resuspended in 
ture medium and the fluorescence labelling profile analysed 
ing a fluorescence-activated cell sorter, cell number (vertical 
axis) being plotted against fluorescence intensity (horizontal axis). 
The level of background fluorescence, shown by cells exposed to 
the FITC conjugate alone, is in each case indicated by a dotted line. 








varticularly since some BL cell lines could progress in vitro to 
a more ‘lymphoblastoid’ phenotype without losing the karyo- 
ypic marker of tumour origin” (see Table 1). 

HLA typing, by standard serological tests, not only confirmed 
vat each BL/LCL pair was indeed derived from a single patient 
Table 1) but also made it clear that BL cells do express the 
class I HLA antigens which restrict target cell recognition by 
LYDMA-specific cytotoxic T cells*. Quantitative analysis of 
immunofluorescence labelling with the monoclonal antibody 
'W6/32, specific for a framework determinant on all class I HLA 
molecules’, showed that most BL cell lines in the present panel 
‘were comparable to the corresponding LCL in their level of 
HLA antigen expression, a representative result from the Ous 
BL/LCL pair is shown in Fig. la. One exception was the Lat 
BL line, where expression was reduced compared with the paired 
LCL (Fig. 16), but even in this case the BL cells remained clearly 
HLA antigen-positive and indeed were shown to be susceptible 
to allospecific cytotoxic T cells directed against class I HLA 
determinants”. 

These observations are important to bear in mind in consider- 
ing the results of the main body of experiments where BL and 
LCL cells were compared for their sensitivity to EB virus-specific 
eytolysis. The effector cells used in these assays were polyclonal 
sopulations derived from healthy virus-immune donors by cul- 
uring peripheral blood mononuclear cells with appropriate 
umbers of autologous X-irradiated LCL cells, followed by 
hort-term expansion of the T-cell response in interleukin-2- 

















Table 1 Characteristics of EB virus genome-positive BL/LCL paired lines 


Cell no. 











Qus LCL Lat LCL 









Fluorescence intensity 


conditioned medium; the EB virus-specific nature of this in vitro- 
response is well documented*”. Only effector cell preparations © 
displaying characteristic HLA-A and -B antigen-restricted lysis 
of LCL targets, and low lysis of EB virus-negative natural | 
killer-sensitive targets such as the HSB2 and K562 cell lines'?, . 
were selected for use in these experiments. {i 
Figure 2 presents the results of one particular chromium 
release assay which illustrate a pattern seen on many occasions. 
throughout this study. An EB virus-specific cytotoxic T-cell. 
preparation from the virus-immune donor S.G. (possessing. a- 
strong All-restricted component) clearly recognized the LCL 
targets from the All-positive patients Wew 1 and Ous; as- 
expected, such specific recognition could be blocked if the 
monoclonal antibody W6/32 was added at a concentration 
sufficient to pre-saturate class I HLA antigens on the target cell 
surface’*, In the same assay, there was no significant lysis of 
the corresponding EB virus-positive BL cell lines Wew 1 
(whether in early or late passage, the latter having progressed 
to a more ‘lymphoblastoid’ cell surface phenotype) and Ous. 
Table 2 summarizes the cumulative data obtained from this 
type of experiment for all the BL/LCL pairs, many individual 
effector/target combinations having been tested on several: 
occasions and always with concordant results. All three endemic 
and two of four sporadic BL cell lines were clearly insensitive 
to LYDMA-specific cytolysis by several different effector popu- 
lations, each restricted through one or more of the HLA antigens 
on the BL cell surface. Significant lysis of the corresponding | 




























1 Ji i Country of Form 







Cell line 
atient.. origin of BL type” Karyotype 
Sheps Kenya Endemic BL t(8; 14) 
i po Ga LCL diploid 
Kenya Endemic BL (8; 14) 
LCL diploid 
New Guinea Endemic BL t(8; 14) 
7. LCL diploid 
La Réunion Sporadic BL t(8; 14) 
ae LCL diploid 
Algeria Sporadic BL t(8; 14) 
. LCL diploid 
Algeria Sporadic BL t(&; 14) 
Abe Bs . LCL diploid 
Algeria. = Sporadic BL t(8; 14) 
eg ee LCL diploid 



















cell lines were established by direct outgrowth from tumour biopsies whilst LCLs were established from normal B cells in blood samples either by spontancou: 
h (in the case of Ous LCL) or by experimental infection with the B95-8 strain of EB virus in vitro. Culture medium was RPMI 1640 supplemented with 2mM 
ine; 100 1U mi™’ penicillin, 100 pg ml~' streptomycin and 15% fetal calf serum from pre-selected batches. cote ee 
+ All BL cell lines were characterized within the first 10 in vitro passages and during subsequent (up to 100) passages for their cell-surface phenotype using a pane 
monoclonal antibodies previously shown to be capable of revealing phenotypic differences between individual BL cell lines”, The antibodies were J5 (ref. 15) directed 
gainst the common acute lymphoblastic leukaemia antigen, 38.13 (ref. 16) directed against a ‘BL-associated’ antigen, and MHM6, AC2 (ref. 17), Ki-t (ref. 18); 
-24 {ref. 19), all directed against different ‘lymphoblastoid’ antigens consistently expressed on all LCLs. The cell-surface phenotype of BL cell lines was classifie 
ccording to the following patterns of antibody binding: group 1, binding J5 and 38.13 only, group H, binding J5, 38.13 and one or more of the other antibodies; grou: 
, binding MHM6, AC2, Ki-1 and Ki-24 only. As recently described’, all endemic BL cell lines display a group I phenotype in early passage, although certain lines 
subsequently progress into group. IL or, rarely, into group IH. Most sporadic BL cell lines (EB virus genome-positive) begin growth with a group H phenotype ange 
y subsequently progress to group HI. All LCLs display a group Hl-like phenotype. ag 


BL surface 


phenotype 
HLA antigen type groupt 
A2, A3; B7; Cw7; DR3, DRS I 
A2, A3; B7; Cw7; DR3, DRS 
A2, Aw23; B7, Bw22; ; DR3, DR7 loll 
A2, Aw23; B7, Bw22; ; DR3, DR7 


All, Aw24; B27, Bw62; Cw2, Cw4; DR2 l>Tio ll. 
All, Aw24; B27, Bw62; Cw2, Cw4,; DR2 

Aw28, Aw30; B18, Bw22; Cw2, Cw5; DR5, DR6 i>i 
Aw28, Aw30; BI8, Bw22; Cw2, Cw5; DRS, DR6 

All, Aw28; B27, Bw45; ; DR1, DR4 H 

All, Aw28; B27, Bw45; ; DR1, DR4 





A2, Aw24; Bw44; Cw4, Cw5; DR1, DR7 HIH 
A2, Aw24; Bw44; Cw4, Cw5; DR1, DR7 j: 
Aw31; B14, Bw44, Cw4, CwS, DRI, DR6 H-H > a 


Aw31; B14, Bw44, CW4, Cw5; DR1, DR6 
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Fig. 2 Sensitivity of BL/LCL paired lines to EB or 
totoxic T cells. Results of a 5-h chromium release assay using 
effector cells from an EB virus-specific cytotoxic T-cell preparation 
"generated in vitro from the virus-immune donor S.G. Target cells 
included (1) the autologous LCL from donor S. G, (2) the LCL 
-and BL cell lines from patient Wew 1, the BL-line being tested as 
-both early(ep)- and late(ip)-passage cultures: with- group I and 
group HI cell-surface phenotypes respectively (see Table 1), (3) 
the LCL and BL cell lines from patient. O Ous, (4) the LCL, EB 
< virus-negative BL cell line and the virus genome-converted BL cell 
> fine (generated by experimental infection with B95-8-derived virus) 
ot from a non-virus-associated sporadic BL: patient Bon, and (5) the 
“LCL from an HLA-mismatched donor C.E. The EB virus genome 
status of each target cell line and its degree of HLA-A and -B 
antigen matching with the effector T cells is as shown. Results are 
expressed as the percentage specific lysis observed. in a 5-h: 
chromium release assay at an effector/target ratio of 5:1, either 
->in normal medium (solid bars) or in the presence of the monoclonal 

- antibody W6/32 (hatched bars) at a 1:200 dilution of an ascetic 
fluid preparation, this antibody concentration is sufficient to sig- 
nificantly block class I HLA antigen-restricted cytolysis through 

binding to class I HLA antigens on the target cell surface. 












o “LCL provided an essential positive control in these assays, 
_ indicating that effector/target combinations were indeed HLA 
 - antigen-matched; this was important since some BL patients 
_ were found to express variant HLA antigens which were 
_ serologically indistinguishable from the common equivalent in 
< Caucasian populations but which had distinct T-cell restricting 
_ determinants (data not shown; compare ref.14). 

‘Phe inability of LYDMA-specific T cells to lyse the BL targets 
a was not due to any inherent resistance of these targets to cytolysis 
_ per se''; indeed, adding a lectin (phytohaemagglutinin) to cir- 
| cumvent the requirement for LYDMA-specific recognition in 
the above assays produced strong lysis of BL cells (data not 
shown). Nor do we feel that antigenic. variation between the 
B95-8 laboratory strain of EB virus and strains naturally infect- 
ing.the BL patients can adequately explain these. findings, par- 
ticularly since differential lysis of the LCL target was still 
observed in the one instance (Ous) where a spontaneously 
derived, rather than a B95-8 virus-transformed, LCL was avail- 

























genome-positive BL, 
YDMA, as this antigen is currently defined. | oe 

~The BL cell phenotype itself does not appear to preclude 
LYDMA expression since two of seven BL cell lines were found 
© tobe positive for the antigen (Table 2) and an EB virus-negative 
> BL line Bon (derived from a non-virus-associated sporadic case 
-of BL) became LYDMA-positive following experimental infec- 
tion with the virus in vitro (Fig. 2). In many cases, therefore, it 
seems that in vivo selection of a LYDMA-negative clone may 
_ well form a necessary additional step in the already complex 
‘pathogenesis of EB virus-associated BL. To what extent virus 





_ one of several intriguing questions raised by this work. 
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able for comparison with the BL line. Rather, we. favour the 
interpretation that in some, perhaps most, cases of EB virus — 
the malignant cells do not express 


10. Barnstable, C. J. et al Cell 14; 9-20{1978}. - 


gene expression might be altered in such a clone remains Just 
‘This work was supported by the Leukaemia Research. Fund | 
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* EB -vieus-epecific effector T-cell Sidparations were gunenaied from health 
virus-immune donors by a 10-day co-cultivation of peripheral blood mononucle 
cells with X-irradiated cells of the autologous B95-8 virus-transformed LCL 
{responder/ stimulator ratio. 40:1) followed by short-term expansion of the reactive 
T-ceil pepulation in interleukin-2-conditioned medium. Full details of these px 
cedures are described elsewhere'*. Effector T-cell preparations were selected. for 
these experiments only if they fulfilled all of the following criteria: (1) showing 
a class I HLA-restricted pattern of lysis against a panel of allogeneic LCL targets, 
(2) showing low levels of lysis against a panel of EB virus genome-negative; natural 
killer cell-sensitive target cell lines’? and (3) ) being matched. with one or more af 
the BL patients in Table 1 through: at least one class I HLA antigen. 

+ Summary of chromium release assay results obtained when EB vinus-spéeitie 
effector T-cell preparations were tested against paired BL/LCL target lines: where 
effector and target cells shared the class. 1 HLA antigens shown. In most cases, 
the particular effector/target combinations were tested on several occasions either 
using the same effector. T-cell: preparation or new preparations from the same 
virus-immune donor, and always with concordant results. To combine the results 
of successive assays, the level of target cell lysis observed was on each occasion 
expressed as a percentage of the lysis recorded in the same assay for the autologous 
LCL/effector T-cell combination tested atthe same effector/target ratio (usually 
5:1 or 10:1). Overall results. for any one target could then be expressed.. as a 
relative percentage lysis in the following way: +++ > 80%, +++ 60-80%, + 
40-60% , + 20-40%; ~ <10% of the level-of autologous LCL lysis. in. the sam 
assay. Absolute values of autologous LCL lysis. varied between 40 and 80% speci! 
chromium release. 
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rve growth factor (NGF) is essential for the survival and 
rentiation of a number of neural crest derivatives, including 
athetic and sensory neurones’, While early studies suggested 
it NGF might also have a mitogenic effect on these neurones”, 
sequent work has favoured the interpretation that NGF pro- 
otes cell survival or differentiation rather than proliferation” 

Ve have addressed the issue of a mitogenic effect of NGF using 
drenal chromaffin cells, which are endocrine cells derived from 
the neural crest, and are closely related to sympathetic neurones. 
Adrenal chromaffin cells respond to NGF in vitro by expressing 
neuronal traits’. We now report that NGF elicits a mitotic 
response in cultured chromaffin cells from young rats, and that 
this response is blocked by an antiserum to 2.5S NGF. The 
chromaffin cells that divide in response to NGF can subsequently 
become neuronal in the continued presence of NGF. 

Unlike sympathetic neurones, adrenal chromaffin cells from 
rodents continue to exhibit significant mitotic activity after 
birth Y, Mitotic activity can also be observed in vitro. We 
grew chromaffin cells from 1-week-old rats as dissociated cells 
in the presence or absence of NGF for 1 week; at the end of 
this period in vitro, 1-2% of the chromaffin cells grown in the 
absence of NGF incorporated *H-thymidine (*H-Thy) during a 
24-h incubation (Figs 1, 24,6), whereas 10-20% of the 
chromaffin cells in NGF-treated cultures incorporated *H-Thy 
(Figs 1, 2c, d). 

To confirm the identity of the labelled cells, we stained °H- 
‘Thy-labelled cultures with an antiserum to tyrosine hydroxylase 
(TH). (Fig. 2i,j) to selectively label chromaffin or chromaffin- 
related cells rather than fibroblasts or glial cells (Fig. 2g, h). 
After 1 week in NGF, 10-15% of the TH-positive cells also had 
*“H-Thy-labelled nuclei (Fig. 2i, j). To verify that chromaffin cells 
het. had incorporated *H-Thy also went trout cell division, 



















































































NGF-treated cultures were given.a 6-h pulse of *H-Thy; some 
were fixed immediately and some were fixed after various times 
of growth in unlabelled medium. The number of labelled 
chromaffin cells doubled by 24-48 h, indicatin ng that most cells 
went on to divide following incorporation of “H-Thy. At 24 h, 
45% of the labelled cells appeared as doublets or quadruplets 
(Fig. 2e,f); by 48h this proportion had increased to 60%, 
further indicating that the *H-Thy incorporation reflects cell 
division. 

NGF itself, rather than a contaminant in the NGF, appeared | 
to be responsible for the stimulation of cell division. First, when 
we treated the cultures with NGF in the presence of an antiserum. — 
to 2.5S NGF, labelling of chromaffin cells was significantly 
reduced (Fig. 1). Second, dexamethasone, a synthetic glicocor- ` 
ticoid which antagonizes NGF-dependent neuritic out- 
growth®’'°, also antagonized the NGF-dependent enhancement — 
of chromaffin cell division (Fig. 1). In addition, epidermal | 
growth factor (EGF) failed to cause a comparable increase in 

H-Thy incorporation as would have been expected if EGF, as — 
a contaminant of the NGF, caused the mitotic effect. 2 

NGF appears to act as a mitogen, rather than simply permit- _ 
ting the survival of an actively dividing subpopulation of- 
chromaffin cells that were NGF-dependent and would have died 
without it. Cultures were grown without NGF for 1 week (which 
resulted in a loss of 40-60% of the cells, compared with cultures 
treated with NGF), and were then- switched to growth medium | 
containing NGF. Only 1-2% of the chromaffin cells incorpor- — 
ated °H-Thy in the control cultures. However, the proportion — 
of °>H-Thy-labelled chromaffin cells still increased after the 
switch to NGF (Fig. 3). This indicates that ceils competent to 
divide remained in the control cultures but did not divide until 
NGF was added. Similar effects were observed when NGF was 
added to cultures after 2 weeks of NGF deprivation. 

What was the fate of the chromaffin cells that divided under 
the influence of NGF? It is well established that chromaffin 
cells can respond to NGF in vitro by extending neurites®; with 
prolonged exposure to NGF, these cells develop many charac- 
teristics of mature sympathetic neurones such as large spherical 
cell bodiés and clusters of small vesicles’"''. To determine 
whether the chromaffin cells that divide in NGF-treated cultures 
can also develop these characteristics, we exposed 1-week-old 
NGF-treated cultures to *H-Thy for 24 h, then maintained them 
in unlabelled medium with NGF for 3 more weeks. We found 


: Fig. L Effect of NGF on the incorporation of *H-thymidine C H-Thy) in cultures of rat adrenal 
chromaffin cells. Cultures were grown in either control medium or medium containing NGF 
“(100 ng mi”! 7S: NGF) for 6 days. During the final 24 h, cultures were also exposed to “H-Thy. 
Labelled cells were counted in wholemounts of cultures processed for autoradiography. Many 
“more labelled chromaffin cells were present in cultures exposed to NGF than in control cultures 
-{P <0.005). This effect of NGF was blocked by an antiserum (Ab) to 2.58 NGF (P <90.005), 
and by 107° M dexamethasone (P < 0.005). (Significance calculated using Student's t-test.) 
Methods. Cultures of chromaffin cells were obtained from the adrenal medullae of 8-day-old 
Sprague-Dawley rats. (King). Medullae were dissected free of cortical tissue, dissociated 
sequentially with 0.2% collagenase (Sigma type II) and 0.125% trypsin (Gibco) and grown 
Medium: 199 {Gibco} supplemented with 20% charcoal-stripped fetal calf serum (FCS; 
erile Systems or Gibco), 0.6% glucose and 100 pg m7! gentamicin (Elkins-Sinn). The number 
‘nion-chromaffin cells was reduced by differential plating: cells were grown initially in 35-mm 
collagen-coated plastic tissue culture dishes for ~20 h, after which the chromaffin cells could 
be gently pipetted off the dish, leaving behind the more tightly adherent non-chromaffin cells. 
purified chromaffin cells were then replated onto collagen-coated glass or plastic coversli 

‘into the bottom of tissue culture dishes to form a shallow well ~1 cm in damer. 
10,000- 15,000 cells were plated into each well. Over 90% of the cells in these cultures exhibited $ 
ecific catecholamine histofluorescence or TH-immunoreactivity, even after 2 weeks in vitro. Of these, only 2-3 neurone-like cells per dish 
ere observed during | the first few days in vitro. The rest of the cells comprised primarily fibroblasts, which were readily distinguishable from 
romaffin cells, and a few fusiform, phase-dark satellite cells’. Only characteristic chromaffin cells were counted. After 1 day in vitro, some 
tures were exposed to NGF (100 ng ml~' 7S NGF; Collaborative Research), NGF plus 10`% M dexamethasone (Hexadrol; Organon) or 
NGF plus an antiserum to 2.55 NGF (1:200 dilution, LAREF SA, Cadempino, Switzerland). After 5 more days in vitro’in these conditions, - 
cultures were exposed to °H-Thy (0.2-2 pCi mi7', 2 Ci mmol”'; NEN) for 24 h, rinsed for 0.5-1 h in growth medium, fixed in 4% formaldehyde 
and 0.5% glutaraldehyde in 0.1 M phosphate buffer, pH7, and air-dried. In some cases cultures were exposed to °H-Thy for only 6 h before 
being re-fed or fixed. Coverslips were coated with photographic emulsion (Kodak NTB2, diluted 1:1), exposed for 4-10 days at 4°C, and 
developed i in D-19 (Kodak). The proportion of 7H-Thy-labelled chromaffin cells (+s.e. of triplicate cultures) was determined by counting cells 
in two orthogonal strips in each culture dish (~8% of the total area of the well), using a Leitz inverted microscope with phase contrast and 
brightfield optics. Only heavily labelled chromaffin cells (see Fig. 2) having: silver r concentrated over nuclei were considered to be labelled. 
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Fig. 2 a-d, Chromaffin cells from 
8-day-old rats, after 1 week in vitro. 
Some have become labelled with °H- 
Thy during the final 24h of culture 
after 1 week in control conditions (a, 
phase contrast; b, brightfield) or in 
NGF (c, phase contrast; d, 
brightfield). e, f, NGF-treated cul- 
tures were pulsed with *H-Thy for 
6h after 6 days in vitro, then rinsed, 
re-fed and fixed 48h after the initi- 
ation of *H-Thy exposure. Approxi- 
mately 60% of the labelled cells 
appear in doublets or quadruplets (e, 
phase contrast; f, brightfield). g, 
Phase contrast, and h-j, brightfield 
images of NGF-treated cultures 
Stained with an anti-TH antiserum. 
The chromaffin cells are TH-positive 
while fibroblast-like cells, visible in 
-~ g (arrow) are TH-negative (h). In i 
and j, cultures were exposed to *H- 
Thy for 24h before staining with 
anti-TH. Of the TH-positive cells, 
10-15% also have *H-Thy-labelled 
nuclei. The arrowhead in j indicates 
a *H-Thy-labelled fibroblast that is 
TH-negative. Scale bar in b equals 


501m and applies to a-f, i and j; that in g equals 50 um and applies to h also. 

Methods. For TH immunocytochemistry, cultures were fixed in 4% paraformaldehyde, rinsed, permeabilized with 0.3% Triton X-100 and 
incubated overnight at 4°C with a rabbit antiserum to TH (1:500), supplied by T. H. Joh and G. N. Teitelman. Cultures were rinsed, then 
incubated with goat anti-rabbit IgG (1:50; Cappel: Cooper Biomedical, Inc., Malvern, Pennsylvania) and PAP (peroxidase-anti-peroxidase, 
1:50; Polysciences Inc., Warrington, Pennsylvania). Peroxidase was developed with diaminobenzidine (40 mg per 100 ml; Sigma) for 4-6 min. 


Cultures were rinsed, air-dried and mounted in mineral oil. Some cultures were processed for autoradiography after drying (see Fig. 1 legend). 


Fig. 3. NGF enhances the proportion of *H-Thy-labelled cells 
even in cultures that have been grown without NGF for 1 week. 
Cultures were grown in the absence of NGF (control medium) for 
a week, resulting in a loss of 40-60% of the cells compared with 
cultures grown in NGF. They were then switched to medium 
containing NGF. The proportion of cells that incorporated *H-Thy 
during a 24-h pulse was assessed at 1, 3, 5 and 7 days following 
the switch (a), as was the proportion of chromaffin cells that had 
formed neurites (b). Both responses increased, roughly in parallel, 
after addition of NGF. Bars represent s.e.m. 


that 10-15% of the neurone-like cells in the 4-week-old cultures 
had labelled nuclei (Fig. 4), indicating that many of the cells 
that divided in vitro in response to NGF were indeed chromaffin 
_ cells that went on to differentiate into sympathetic neurone-like 
cells. k 

The results presented here indicate that NGF acts as a mitogen 
for cultured adrenal chromaffin cells from young rats. The 
mitotic response of these cells to NGF parallels their morpho- 
_ logical response to NGF in several respects, suggesting that the 
enhancement of cell division is indeed an effect of NGF: (1) 
both responses to NGF are blocked by an antiserum to 2.5S 
NGF; (2) both responses are antagonized by dexamethasone’? 
at concentrations that are comparable to endogenous glucor- 
ticoid levels in the adrenal gland*; (3) the maximal mitogenic 
effect occurs at the same concentration of NGF that maximally 
stimulates the formation of neurites in vitro (our unpublished 
observation); (4) the effect of NGF on cell division occurs with 
about the same delay, 2-3 days, as its effect on the formation 
of neurites'* (Fig. 3); and (5) neither response is mimicked by 
EGF, which is a mitogen for phaeochromocytoma (PC12) 
cells'*'*, a tumour cell line related to the sympatho-adrenal 


system. 


cml A 


° Sn a~ 








b 

2 e] 
3 z {f 14 
p Po 
Ey 3 3 510 
E $ 
3 Şe | 
3 T = zs 
o S-S 3s Kir 
5 =< O 
. g8. 0 #* E 

= >] 





1 3 5 7 


Days after switch 


NGF has generally been reported to promote the differenti- 


ation of transformed cell lines of presumed neural crest origin, — 
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but there are some instances in which NGF has also been — 


reported to enhance cell number or cell division among these - 


cells. These effects were seen in variant clones of PCI2**? $ 


neuroblastoma’* or melanoma cell lines (M. Bothwell, personal _ 
communication), and in most cases were observed only at low — 
concentrations of serum (that is, 1-2% rather than 15-20% 
serum; ref. 12 and M. Bothwell, personal communication) or _ 
only transiently following administration of NGF". In our 


primary cultures of chromaffin cells the effect of NGF on cell 


division persisted for more than a week, even in the presence 
of 20% serum. In another study, NGF-treated PC12 cells were 
reported to incorporate *H-Thy into DNA without necessarily 


. 


r 


undergoing cell division, so that many became polyploid’, We | 


verified that the chromaffin cells in these primary cultures do | 


in fact go on to divide following incorporation of *H-Thy. 


It is perhaps surprising that a direct mitogenic effect of NGF 


has not been observed before, in primary cultures or in vivo. 


For example, while adrenal chromaffin cells can respond to 


exogenous NGF in vivo by expressing neuronal characteristics”, 


a mitogenic effect of NGF on these cells has not been reported. — “2 
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Fig. 4 Chromaffin cells that divide 
in response to NGF can go on to 
differentiate into neurone-like cells. 
NGF-treated cultures were exposed 
to *H-Thy for 24 h on day 6 in vitro, 
when ~ 15% of the cells incorporated 
_ 3H-Thy, and were then grown for 
another 3 weeks in unlabelled 
_ medium in the presence of NGF 
~ before being fixed and processed for 
autoradiography. At 4 weeks, 90% 
of the cells are indistinguishable 

~ from sympathetic neurones; in addi- 
tion to the formation of neurites seen 
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early during NGF treatment, they now also have large spherical cell bodies and clusters of synaptic vesicles, and they have become postmitotic. 


Scale bar, 50 um. 










































_ In view of the present results, it seems possible that NGF also 
acts as a mitogen for other neural crest derivatives at early stages 
- of their development. In fact, chromaffin cells from young rats 
- appear to have retained some of the characteristics one might 
= attribute to a sympatho-adrenal precursor cell, although they 
already express a chromaffin cell phenotype: they are develop- 
mentally pluripotent, in that they can still express either a 
neuronal or a chromaffin phenotype, and they are not yet post- 
mitotic. The mitotic response of chromaffin cells to NGF in vitro 
may thus reflect a potential mitogenic effect of NGF on precursor 
cells of the sympatho-adrenal lineage in vivo. 

=- We thank T. H. Joh and G. N. Teitelman for providing the 
= specific antiserum to tyrosine hydroxylase, G. A. Davis, J. A. 
= Hirsch, I. Parada, D. R. Sonneborn and A. O. W. Stretton for 
= their comments and J. M. Kinney, M. H. Schatz, A. Bhat- 
 tacharyya and M. T. Tran for help in preparing the manuscript. 
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_ The first hint of segmentation in the Drosophila embryo is the 
ay ance of shallow transverse grooves that divide the main part 
of the germ band into 14 uniform domains’. These grooves are 
conspicuous in the 5-7-h-old embryo when viewed in the scanning 
electron microscope” and can also be seen in longitudinal sections. 
Since their discovery in 1950, the domains delineated by the grooves 
have been thought to be segments'*, but now several lines of 
-~ evidence suggest that are ‘parasegments’—units consisting of 
a posterior com of one segment and an anterior compart- 
ment of the next**. If this is the case, the posterior compartments 
_ would lie in the anterior parts of the domains delineated by the 
grooves. By using the engrailed gene product as a marker, we have 
pow mapped the posterior compartments and report here that they 
are indeed located in the anterior quarter of the domains and that 
_ their anterior borders coincide with the grooves, establishing that 
the domains are parasegments. 

= In the ectoderm each segment consists of one anterior plus 
one posterior compartment™® and only the cells of posterior 
= compartments require the engrailed gene for normal pattern 
~ formation’~"'; transcription of the engrailed gene is therefore a 
marker for cells belonging to posterior compartments. Specific 
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10-15% of these neurone-like cells are labelled as a result of exposure to 3H-Thy on day 6 in vitro. a, c, Phase contrast; b, d, brightfield optics. 
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probes for engrailed transcripts have now been made'™>™? and 


in situ hybridization has shown that engrailed expression is 
limited to posterior cells in sections of 8-13-h embryos’ and 
in whole mounts of imaginal disks'’. For embryos, this method 
relies on frozen sections and unfortunately these nearly obliter- 
ate the grooves. Here we have used material embedded in 
paraffin wax'*? to study the position of the posterior compart- 
ments in relation to the grooves and other landmarks. 

Figure 1 shows that engrailed transcription is confined to the 
anterior-most quarter of the metamere defined by the grooves. 
The metameres are therefore parasegments and will be referred 
to as such throughout. Anterior to the midpoint of the paraseg- 
ment and lateral in the embryo, there are tracheal pits which 
were thought by Keilin to arise at the segment boundaries’®. If 
this were the case, one would expect the anterior half of the pit 
to express engrailed and the posterior half not to; this is indeed 
what we observe (Fig. 1b, c). 

There are more than 14 regions of engrailed transcription 
Anterior to the first parasegment (which corresponds to the 
posterior mandibular compartment’) but posterior to the 
stomodaeum, there is another band, which may correspond to 
part of the premandibular segment'®'’. Anterior to the 
stomodaeum is a further band that is located in the labrum. 
Posterior to the 14th parasegmental stripe (corresponding to the 
posterior compartment of A8; ref. 4) there is a band near the 
anus; additionally, the dorsal part of the hindgut and portions 
of the malpighian tubules are labelled (not the midgut, as stated 
in refs 12, 13) (see Figs 1, 2). 

When the germ band shortens between 9 and 11 h, the epider- 
mis is thrown into deep folds; in situ hybridizations at this stage 
show that these folds define segments, the deepest point of the 
infolding being within 1-2 cells of the segment boundary. When 
seen in longitudinal sections, each segment is ~12-16 cells 
across and of these cells, 3-4 express transcripts homologous 
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Fig. 1 Localization of engrailed 
transcripts at the extended germ- 
band stage of embryogenesis. Sec- 
tions are oriented with their dorsal 
side uppermost and anterior to the 
left. a, A medial longitudinal sec- 
tion (see c for illustration of the 
plane of section) of the posterior 
region of the embryo, showing the 
ectodermal grooves (indicated by 
black dots) which delineate the 
parasegments. The grains are 
associated with about one-quarter 
of the cells located in the anterior 
part of each parasegment (this is 
particularly clear in parasegment 7 
of this specimen). The anterior- 
most cell that is expressing 
engrailed is very close to the centre 
of the groove. Scale bar, 20 uM. b, 
A lateral longitudinal section 
through an embryo at a similar 
stage to that shown in a. This plane 
of section passes through the 
tracheal pits (p) (see c). The loca- 
tion of grains indicates that cells 
which contribute to the anterior 
(but not the posterior) wall of each 
pit express engrailed. Scale bar, 
20 uM. c, Schematic representation 
of part of an extended germ-band- 
Stage embryo, illustrating the 
planes of section shown in a and 
b and their relationship to the 
ectodermal grooves and tracheal 
pits. The shaded regions indicate 
the predicted localization of 
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engrailed transcripts in the posterior but not the anterior (A) compartments, based on the assumption that the grooves correspond to 
parasegmental boundaries. This distribution corresponds closely to that observed in a and b. If the regions demarcated by the grooves were 
equivalent to segments, the regions of engrailed expression would have been located posteriorly within each unit, and remote from the tracheal 
pits. d, Dark-field image of a medial longitudinal section through an embryo similar to that shown in a. In addition to the 14 stripes of label 
in parasegments 1-14, there are two more anterior and two more posterior regions of engrailed expression. The most anterior region is located 
in the labrum (1); between this and parasegment 1 is a region which probably corresponds to the intercalary or premandibular segment (m). 
Posterior to parasegment 14, engrailed is expressed in the anal region (a) and hindgut (h). Scale bar, 100 uM. 

Methods. Embryos were fixed in formaldehyde (4% ) and embedded in paraffin wax. Sections (6 uM) were hybridized and washed essentially 
as described previously'***"’°. The probe was **S-labelled single-stranded RNA synthesized in the SP6 system from a 0,9-kilobase engrailed 
genomic EcoRI fragment derived from the clone pF7036 (ref. 12); although this includes sequences homologous to the homoeo box and to 
the engrailed-related gene”, the pattern of transcription it detects in early embryos is identical to that revealed by a probe derived from 
sequences in the engrailed complementary DNA‘*">. Slides were developed after a 14-day exposure at 4 °C. 


Fig.2 In situ hybridization of the engrailed probe to the shortened 
germ band. a, Detail of the ventral region of a 10-h embryo in 
which the epidermis is thrown into deep folds that are approxi- 
mately segmental; 3-4 cells bind the engrailed probe in the pos- 
terior part of each segment (~12-16 cells). Arrowheads indicate 
the limits of engrailed expression and therefore the boundaries 
between the anterior and posterior compartments. Scale bar, 
20 uM. b, Medial longitudinal section of a 10-h embryo, showing 
the same labelled zones as shown in Fig. 1d (same abbreviations). 
Scale bar, 100 uM. Hybridization conditions were as described in 
Fig. 1 legend, except that the probe in a was labelled with `H. 
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Post-transcriptional control of myc and 


. Fig3 Expression of engrailed in the CNS. Medial longitudinal p53 expression during differentiation 
a section of a 12-h embryo, showing reiterated zones of hybridization of the embryonal carcinoma cell line F9 
— in part of the ventral nerve cord. Connectives can be seen in 
! cross-section; connectives labelled a and c (ref. 23 and M. Bate, 
unpublished) are close together, separated by only a single row of Carola Dony, Michael Kessel & Peter Gruss 
neuronal cell bodies. Between c and a there are more cell bodies, 
* some of which express transcripts which hybridize to the engrailed Zentrum fiir Molekulare Biologie der Universitat Heidelberg 


aA probe and therefore appear to belong to posterior compartments. ZMBH). Im N heimer Feld 282. D-6900 Heidelberg, FRG 
Fists paan of latsclinig segueats Gat tie shgronnt boundaries lis | 7H). Am: Neveenelnes Ta aa idelberg, 


near to a line drawn halfway between c and a (arrows), which is 
in agreement with, and provides independent support for, previous 





x conclusions (ref. 23 and M. Bate, unpublished). Scale bar, 20 pM. Teratocarcinoma cells provide us with a model system for the study 
| The probe and hybridization conditions were as described in of differentiation and development’. One of the best character- 
Fig. 1 legend. ized cell lines, the embryonal carcinoma stem cell line F9, 


differentiates after treatment with retinoic acid (RA) and dibutyryl 

cyclic AMP into parietal endoderm“. This differentiation process 
y is accompanied by the induction of several genes, for example, 
to the engrailed probe (Fig. 2). At early gastrulation, when each those encoding collagen IV, plasminogen activator and intermedi- 
segment is about 3-4 cells across'*, only one posterior cell ate filaments like laminin*®. In contrast, a marked reduction of 
-expresses engrailed'*. Lineage studies have estimated that all stable messenger RNA has been observed for the gene encoding 
epidermal cells divide about twice between the blastoderm stage p53 and for c-myc”. Both cellular oncogenes seem to be involved 
and 10h'*?°, which is in good agreement with these observa- in the regulation of cellular proliferation and neoplastic transfor- 
tions. mation*"*, For growth-arrested 3T3 fibroblasts, growth-factor- 
As the embryonic ectoderm generates epidermis and induced changes of myc RNA are controlled at the level of tran- 
neurones'', one would expect the epidermis and developing _ scription’. In contrast, F9 cells provide a differentiation system 
i central nervous system (CNS) to be compartmentalized concur- in which cells are able to change from a tumorigenic state into 
rently. It was therefore surprising when Kornberg et al.” repor- non-dividing, non-tumorigenic endodermal cells*. The latter pro- 
ted expression of engrailed” in the epidermis but not in the cess enabled us to study the regulation of myc and p53 genes in 

= CNS, particularly as a requirement for engrailed* in the CNS the same cells at different stages of growth, tumorigenicity and 
= has been reported”. The better preservation achieved in wax differentiation. Here we report that down-regulation of stable myc 
; sections here reveals clear expression of engrailed* in the CNS and p53 RNA during irreversible differentiation of F9 cells occurs 
‘ (Fig. 3), and provides an independent mark for the position of at the post-transcriptional level. Using an in vitro nuclear tran- 
the segment boundary that confirms earlier estimates (ref. 23 scription assay'*, we found that the polymerase II density on both 
and M. Bate, unpublished). genes remains constant during differentiation. In agreement with 
Expression of engrailed is detectable in the mesoderm soon this interpretation, we detected myc RNA as stable transcripts in 
after gastrulation but it fades away rapidly'*'’. For several differentiated F9 cells after treatment of the cells with cyclo- 
reasons, discussed elsewhere, we do not consider the  heximide. The post-transcriptional regulatory mechanisms con- 
_ mesodermal parasegments to be divided into anterior and pos- trolling p53 and myc stability follow different kinetics. Whereas 
= terior compartments and therefore suspect that the fleeting the down-regulation of myc seems to be an early event of F® 
engrailed transcription makes no contribution to the genetic differentiation occurring within the first 24 h, the post-transcrip- 





address of the mesoderm. tional regulation of p53 occurs at a later stage (two to three days), 
We thank Anders Fjose and Walter Gehring for providing possibly as a consequence of cell cycle changes. 

the engrailed clones in a convenient form, and David Ish- In order to analyse whether control is exerted at the transcrip- 

Horowicz for advice. tional level during F9 differentiation, we measured the transcrip- 








tion rate of myc and p53 mRNA in isolated nuclei at various} 
times after RA and cAMP addition by the nuclear run-on tran- 
scription method. In this assay, transcripts that are initiated im 
a + Bs Poite, D. F. in The Biology of Drosophila (ed. Demerec, M.) 168-274 (Wiley, New York, vivo are faithfully elongated in vitro using **P-labelled ribonu- 

ie. Tumer, F R. & Mahowald, A. P. Devl Biol, $7, 403-416 (1977). cleotide triphosphate. The hybridization of labelled RNA tc 


"| 3. Garcia-Bellido, A., Ripoll, P. & Morata, G. Nature new Biol. 24S, 251-253 (1973). complementary DNA immobilized on nitrocellulose filter papes 
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ee ee cei reveals a measure of the level of transcription at the time of cel! 
6. Lawrence, P. A. Cell 26, 3-10 (1981). lysis, because new RNA transcripts are not initiated in vitro'*-'° 
A e O. a Lana © A. Deol Mak 7; 055 571:(0979) Analysis of the results of the nuclear run-on assay at various 
et 9. Kornberg, T. Proc. natn. Acad. Sci. U.S.A. 78, 1095-1099 (1981). times shows that the rates of transcription of myc and p53 dc 
4 m — 5 ret sak “if ee ae tas axa Gina not change during the differentiation of F9 cells (Fig. 1). Ir 
F. 12. Fiose, A.. McGinnis, W. J. & Gehring, W. J. Nature 313, 284-289 (1985). control experiments the -actin transcription rate was also con 


13. Kornberg, T., Siden, 1., O'Farrell, P. & Simon, M. Cell 40, 45-53 (1985). stant while the gene for a-fetoprotein, which is typical of viscera 
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Fig. 1 Transcriptional analysis of p53, the genes c-myc and for B-actin, 
collagen IV and a-fetoprotein (AFP) during the differentiation of F9 cells 
into parietal endoderm. a, Autoradiograms of the hybridization of **P- 
labelled run-on transcripts to cDNA clones of p53, c-myc, B-actin, collagen 
IV and AFP bound to nitrocellulose. Nuclei were isolated from F9 stem 
cells (day 0) and from F9 cells at different times (1, 2,3 and 6 days) after 
induction with RA and cAMP. b, The relative levels of p53 and c-myc MRNA 
in comparison to those for B-actin, collagen IV and AFP at various times 
after induction with RA and cAMP. The relative amount of labelled nuclear 
run-on transcripts hybridized to p53 and c-myc DNA was determined by 
quantitative densitometric scanning of autoradiographs (a). B-actin was 
used as the denominator and AFP as a negative control. 

Methods. For cell culture, F9 cells (provided by S. Strickland) were grown 
in gelatinized 150-cm° tissue culture flasks in Dulbecco's modified Eagle’s 
medium (DMEM) containing 10% serum. For induction, cells were exposed 
to 5x10°-’M RNA and 107° M cAMP as described by Strickland et al’, 
For the nuclear run-on transcription assay, nuclei were prepared for in vitro 
transcription as described by Schibler er al”, but with variations. Three 
confluent 150-cm? tissue culture flasks of F9 cells were rinsed with ice-cold 
phosphate-buffered saline, scraped into the same buffer and pelleted at 
1,500 r.p.m. The cell pellet was resuspended in 10 ml of lysis buffer” contain- 
ing 0.05% Nonidet P-40 and lysed by repipetting the cell suspension 10-15 
times with a 10-ml plastic pipette. Nuclei were pelleted at 1,500 r.p.m. for 
4 min and resuspended in 10 ml of lysis buffer containing 10 pg ml’ RNase 
A**, After 30 min on ice the nuclei were centrifuged (1,500 r.p.m., 10 min) 
through a 3.5-ml cushion of 30% (w/w) sucrose in lysis buffer. The pellet 
was resuspended in 0.2 mi nuclei storage buffer” at a concentration of 10° 
nuclei ml~' and stored at —70°C until use. Nuclei (2x 10") were thawed 
for the run-on transcription assay and incubated for 25 min at 26 °C in 0.2 ml 
of 70mM KCI, 5 mM MgCl), 2.5 mM dithiothreitol (DTT), 0.1 mM EDTA, 
0.4 mM each of ATP, GTP and CTP, 0.03 mM UTP and 200 pCi [ a- P]UTP 
(600 Ci mmol” '; NEN). Purification of labelled RNA was done as described 
elsewhere by Groudine et al.'*. $ x 10° c.p.m. of labelled RNA was hybridized 
for 4 days to cDNA clones immobilized on nitrocellulose filters (10 ug 
plasmid DNA per slot) as described by Maniatis et al”. Filters were 
washed twice in 2x SSc (1 M NaCl, 0.03 M tri-sodium citrate) at 60°C and 
treated for 30 min at room temperature with RNase A (10 yg ml‘ in 2x 
SSC). Then the filters were washed again at room temperature in 0.1 SSC 
for 30 min. Plasmids were provided by M. Oren (p 53; ref. 31), R. Müller 
(c-myc; ref. 32). S. Strickland (collagen IV; ref. 33), B. Paterson (8-actin) 

and S. Tilghman (AFP; ref. 34). 


"endoderm, remained inactive throughout parietal endoderm 
differentiation. In contrast, the transcription rate of the collagen 
-V gene, which is active in parietal endoderm cells, was stimu- 
ated approximately 10-fold during the differentiation of F9 
sells, as shown previously by Gudas et al.'’. Treatment with a 
g concentration of a-amanitin abolished detectable transcrip- 
on in the nuclear run-on assay (data not shown), demonstrating 
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120 h after treatment with RA (5x 10~’ M) and cAMP (107° M) was hybrid- 
ized with **P-labelled c-myc RNA by Northern blotting. b, Hybridization 
of poly(A)” RNA isolated from F9 cells at 0, 6, 24, 52, 72 and 120h after 
induction, hybridized to a _ nick-translated probe of p53 DNA. 
Autoradiograms of control hybridizations of the Northern blots (a and b) 
with B-actin DNA are shown at the bottom. 

Methods. F9 cells were grown and induced for differentiation as described 
in Fig. 1 legend. RNA was isolated by the guanidinium thiocyanate method 
described by Chirgwin er al™*. Poly(A)” RNA was selected by chromatogra- 
phy over oligo(dT)-cellulose. RNA (6 ug) was gel-electrophoresed, blotted 
onto Gene Screen plus (NEN) and hybridized to nick-translated plasmids 
containing p53 or c-myc sequences. Control hybridization was with a 8-actin 
probe. For hybridization, Northern blots were incubated for 24h with 
nick-translated probes in 50% formamide, 1.0M NaCl, 1% SDS and 
100 pg ml‘ denatured salmon sperm DNA. Blots were washed twice in 2x 
SSC at room temperature anc twice in 2x SSC and 1% SDS at 60°C, with 

constant agitation. 


that transcription is carried out by polymerase II. In a parallel 
set of experiments, run-on transcription was analysed in 
digitonin-permeabilized whole cells'*. The data corroborated 
the results obtained with isolated nuclei (not shown). 

The apparent transcription of both p53 and myc with equal 
efficiency throughout F9 differentiation led us to study the 
amount of the respective stable transcripts at various times after 
induction. For this purpose the time course of expression of 
stable transcripts was determined by Northern blot analysis of 
F9 RNA isolated at different times after induction with 
RA/cAMP. The differentiation-associated down-regulations of 
c-myc and p53 follow different kinetics (Fig. 2). Reduction of 
myc RNA is a very early event in the differentiation process. 
Just 6h after induction, stable myc RNA is significantly 
decreased, with only a minute amount detectable after 24 h. In 
contrast, a reduction of p53 RNA can be detected after only 
72h of differentiation and a visible amount of RNA is still 
present after 120 h. 

The apparent discrepancy between the data obtained by run- 
on and Northern analyses can be resolved if, during the process 
of differentiation, myc and p53 expression is not regulated at 
the level of initiation but rather by a post-transcriptional 
mechanism, possibly by a mechanism affecting the half-life of 
the transcripts. We treated F9 cells at different stages of — 
differentiation with actinomycin and cycloheximide. After inhi- 
bition of RNA synthesis with actinomycin for 2 h, the level of 
stable myc RNA in F9 stem cells was significantly decreased 
(Fig. 3a). This observation agrees with previous data’? which | 
indicate that the half-life of myc RNA is less than 2 h. Pretreat- 
ment for 30 min with an inhibitor of protein synthesis (cyclo- 
heximide), followed by addition of actinomycin for 2 h, preven- 
ted this effect (Fig. 3a). In other words, addition of cyclo- 
heximide prevents degradation of MRNA by extending its half- 












Fig.3 Transcription of c-myc and p53-specific RNA 
in F9 stem cells and differentiated F9 cells after treat- 
ment with actinomycin and cycloheximide. a, North- 
' ern blot of poly(A)” RNA from F9 cells hybridized a 
my to a nick-translated probe of c-myc DNA. Lane 1, 
K RNA from untreated F9 cells; Lane 2, RNA from 
>, actinomycin-treated stem cells; lane 3, cells treated 
T. with actinomycin and cycloheximide; 4, RNA from 
i F9 cells induced with RA/cAMP for 96h; 5, RNA 
4 from the same cells as in lane 4, treated with cyclo- 
P heximide. An autoradiogram of a control hybridiz- 
ation of the same blot with B-actin DNA is shown 
À also. b, Hybridization of nick-translated p53 DNA to 
i F9 cellular A* RNA. RNA was isolated from F9 cells 
treated in the following way: lane 1, F9 stem cells; 
lane 2, F9 cells after actinomycin chase; lane 3, F9 
. cells after actinomycin and cycloheximide treatment, 
t- 4, F9 cells induced with RA/cAMP for 48 h; 5, the 
] same cells as shown in lane 4, after actinomycin chase; 
5, the same cells as shown in lane 4, after actinomycin 
chase; 6, F9 cells differentiated for 96 h after induction 
with RA/cAMP, 7, the same cells as in lane 6, after 
cycloheximide treatment. 
. Methods. F9 cells were grown as for Fig. 1. For the 
ka actinomycin chase, cells were grown for 2h with 5 pg 
zi actinomycin D per ml of medium. Cycloheximide oe) is 
treatment was for 2 h, at 10 ug per ml of medium. For 
combined treatment, cycloheximide was added 30 min 
before actinomycin. After isolation of total RNA by 
J the guanidinium thiocyanate method**, poly(A) 
. RNA was selected by oligo(dT)-cellulose chroma- 


p53 E 4 i i 
aah 5 
5 eee 
7 Sees - 2.6 
SY een 
ae _1.4 
shi ae AE | -1.1 
A 
| -0.6 
-0.6 


a e 


- 48h 48h96h 96h RA/CAMP 





96h 96h RA/CAMP E 
Actinomycin a + = = = = Actinomycin 


Cycloheximide - = + =- + ~ + Cycloheximide 


B-actin m . 
oth ardi He 


tography. For Northern analysis, 6 pg of A* RNA —— 


separated on an agarose gel was transferred to Gene 
Screen-plus and hybridized to nick-translated DNA 
probes. Hybridization and washing as for Fig. 2. 


life. Cycloheximide treatment of differentiating F9 cells also 
resulted in reappearance of stable myc RNA, as analysed by 
the Northern technique (Fig. 3a), Thus use of a different experi- 
mental approach confirmed the results obtained by nuclear 
run-on analysis. It seems reasonable to conclude that the primary 
transcripts detected by run-on analysis can be stabilized by 
protein synthesis inhibitors, resulting in an increase of stable 
i myc transcripts which now become detectable in the differ- 
entiated cell. 
In contrast to myc RNA, the amount of p53 transcripts 
= remains constant after treatment with actinomycin or cyclo- 
heximide (Fig. 3b). Even after 6 h of treatment with actinomycin, 
= the amount of stable p53 RNA was not significantly decreased 
(data not shown). Therefore p53 RNA seems to have a longer 
half-life than mye RNA. 
In addition to the F9 system, a down-regulation of stable myc 
mRNA has been previously described for HL 60 cells after 
~ treatment with vitamin D metabolite” and for Daudi cells after 
interferon treatment*’. These chemicals inhibit cellular mitosis, 
resulting in a reduction of growth activity. The opposite reaction, 
mitogenic stimulation, has been demonstrated to induce myc 
and p53 expression*""®. All these results lead to the hypothesis 
that myc and p53 are proliferation-associated genes. Although 
for Daudi cells reduction of myc expression, which is due to a 
Ne Go/G, arrest, has been reported to be transcriptionally regu- 
= lated“, evidence from other groups points to a post-transcrip- 
tional mechanism”. No reason for this apparent discrepancy is 
= yet known. Another transcript, tubulin mRNA is also down- 
= regulated at the post-transcriptional level during differenti- 
= ation™*. Our results with the F9 differentiation system indicate 
= that cells which enter the differentiated state of parietal 
endoderm regulate the proliferation-associated genes p53 and 
= myc at the post-transcriptional level. These processes may 
_ belong to common phenomena essential for the maintenance of 
= restricted growth in normal cells. 
Furthermore, the regulation of proliferation in F9 cells during 
_ the change from a tumorigenic state to a parietal endodermal 
i cell seems to be a multi-step event. Post-transcriptional regula- 
È tion of myc affecting the half-life of primary transcripts is an 
early event in F9 differentiation. It precedes morphological 
differentiation and changes in cell cycle known to occur approxi- 
mately 72h after induction™. Our studies using cycloheximide 



















as an inhibitor of protein synthesis indicate that synthesis of a 
short-lived protein, probably an RNase, is responsible for the 
relatively short half-life of myc RNA in undifferentiated F9 cells 
but also for the extremely short half-life of the differentiated 
cell. Whether this is the result of increased synthesis of one 
putative RNase or due to the synthesis of a different RNase 
remains to be determined. A protein controlling the level of 
stable myc RNA in 3T3 fibroblasts was suggested previously by 
Leder et al.'*. In contrast to myc RNA, the down-regulation of 
p53 RNA occurs much later during the differentiation process. 
This reduction of stable p53 RNA coincides with an alteration 
of morphology and changes in the cell cycle**. One might 
speculate, therefore, that the post-transcriptionally regulated 
reduction of p53 RNA—in contrast to the myc down-regula- 
tion—is a secondary event that can result from cell cycle changes. 
We thank Sabine Quick for technical assistance and Rosemary 
Franklin for help in preparing the manuscript. This work was 
supported by DFG grant Ba 384/ 18-4. 
Note added in proof: Jeanteur and colleagues have shown that 
the reduced level of c-myc RNA in Friend cells induced to 
differentiate by Me2SO is also due to a post-transcriptional 
control mechanism”. 
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_ Carcinoma of the human uterine cervix has been associated with 
several infectious agents" including papillomaviruses Z Papil- 
_ lomavirus group-specific antigen (GSA)*” and viral particles”? 
have been demonstrated in human condylomata acuminata (CA) 
_ and flat warts of the uterine cervix. Cell alterations consisting of 
: nuclear enlargement, hyperchromasia, irregularity, binucleation 
and cytoplasmic clearing (koilocytosis) are often interpreted as 
-mild to moderate dysplasia''. Present evidence that human papil- 
x lomavirus (HPV) is responsible for the development of these lesions 
_ relies on the association of GSA’ and virus particles” in the affected 
_ tissue, fulfilling the first two of Koch’s postulates'*. Direct proof 
_ of an aetiological relationship, however, requires induction of the 
-CA change in normal, human uterine cervix after exposure to 
papillomavirus. Infecting human subjects with HPV is ethically 
unacceptable and no satisfactory alternative systems have been 
defined. Also, human cell cultures do not support growth or trans- 
formation by HPV. Here we report the first demonstration of the 
morphological transformation of human tissues with a human 
9 papillomavirus under controlled, experimental conditions. ‘Trans- 
_ formation’ is used here in its literal sense to refer to a heritable 
morphological alteration in the appearance of the cells. The use 
this term does not indicate that the changes described are 
oplastic, but they are identical to the dysplastic changes found 
n biopsies of uterine cervical CA. Our results demonstrate the 
irect involvement of CA virus in dysplastic change of human 
rvical tissue and indicate that the experimental system described 
aay be useful in elucidating the contribution of human papil- 
_ lomaviruses to the pathogenesis of human cervical cancer. 
We have described previously the neoplastic transformation 
“by. Shope papillomavirus of normal rabbit skin grafts placed on 
athymic mice"; this provided an environment suitable for the 
irect neoplastic transformation of xenogeneic tissues by papil- 
omavirus. We used this system to test the hypothesis that human 
‘A extracts can alter the morphology of normal human cervix 
o that associated with papillomavirus infections?! 
_Athymic mice (nu/nu on a BALB/c background; Harlan 
iprague-Dawley, Inc., Madison, Wisconsin) were housed in 
Asolators supplied with sterile air, water and chow. Cervical 
tissue was obtained from four patients who underwent hyster- 
: ctomy. Grafts ere ome) were cut from the squamo- 




















columnar junction, and were held in medium with gentamicin. 
They were then rinsed and incubated for 1h at 37°C in a 
phosphate-buffered saline (PBS) extract of human CA, with 
inactivated herpes simplex type 2 virus (HSV; 1x10 plaque- 
forming units (PFU) ml™', irradiated for 12min with | 
46 erg mm~*s7'), with both viruses, or with PBS alone. The CA i 
(total 20 g from 15 female patients) were minced and disrup 
in 50 ml of PBS at 4° C with a Virtis homogenizer at 25,000 
for 30min. . Supernatants and pellets were separated 
sedimentation at 11. 000g. HSV was peace stored and ti t 
as described previously”*. ; 

The fragments of cervical tissue were then grafted bene 
the renal capsules of the athymic mice. The kidneys i 
delivered through dorsal incisions and the renal caps: 
nicked, and a cervical graft placed beneath it. The mici 
placed on supplemented (0.01 mg ml“! trimethoprim ar 
0.05 mg ml~' sulfamethoxazole) drinking water for the duration 
of the experiment, after which they were killed, the kidneys 
extracted and fixed in formalin; and haematoxylin-eosin seco. 
tions obtained. The presence of GSA was demonstrated with | 
commercial reagents (Dakopatts, Accurate Chemical & Scien: . 
tific Corp., Westbury, New York)*”. a 

About one-half of the cervical grafts persisted and formed — 
cysts beneath the renal capsule. Grafts which were untreated or 
exposed to HSV alone were identical in appearance and com- | 
prised cysts (>1mm in diameter), lined by a thin stratified 
squamous epithelium (Fig. 1a). In contrast, most of the grafts. 
which had been infected with the CA virus were much larger 
and were lined with an epithelium often about 20-30 cells thick. = 
The typical features of CA, including koilocytosis and accom: — 
panying nuclear hyperchromasia and binucleation, were — 
observed (Fig. 1b,c). The morphological transformation des- 
cribed here was identical to that usually seen in cervical CA 
biopsies®™!!, Table 1 shows that the frequency, of CA trans- 
formation in grafts treated with CA extract (7/22) was-sig- 
nificantly greater ( P < 0.025, Fisher’s exact probability test) than 
in grafts treated with PBS alone (0/13). Similarly, treatment — 
with CA extract and HSV increased (P < 0.006) the incidence 
of transformation (8/14) compared with grafts treated with HSV 
alone (0/9). The difference between the incidence of CA trans: 
formation in pooled data of all grafts treated with CA extract 
(15/36) and that in comparable pooled data of grafts not exposed 
to CA extract (0/22) is highly significant (P < 0.0002). 

Strong and specific GSA reactions were found in the nuclei. 
of the cells of the CA epithelium (Fig. 1c). Positive nuclei were ; 
focally distributed only in cells of the maturing and parakeratotic — 
epithelial layers®’. GSA was detected in transformed grafts from 
three of the four patients. studied and was not found in controls 
that had not been exposed to CA extract. 

‘Dot-blot’ hybridizations using labelled HPV DNA probes 
were done on both the original CA supernatant and pellet which _ 





Table 1 Morphological transformation by condylomata acuminata . 
virus of human uterine cervical grafts transplanted beneath the renal : 
apanle of athymic mice 





Duration Treatment group 
of grafts $ aaa 
Cervical in mice : CA+ 
Patient pathology (days) None CA HSV HSV 
A None 86 0/2* 3/6 ee ameer 
B None 70 0/4 1/5 _ oe 
C Chronic 62 0/3 3/3 0/5 4/4 
inflammation | 
D — Chronic 60 0/4 0/8 0/4 4/10- 
inflammation bee 
Totals 0/13 7/22 0/9 8/14 





CA, cand yloniaes acuminata extract; HSV, herpes simplex type 2 
virus suspension. l 
* Number of grafts with. mopaologial transformation/ total number : 
of grafts. . 7 
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Fig. 1 a, Section of a cyst which developed from a control, untreated graft of human cervix, examined 2 months after placement beneath 
the renal capsule of an athymic mouse. Stratified squamous epithelium lines a cystic space. Haematoxylin-cosin stain. x113. b, Section of 
papillomatous epithelium which developed 2 months after grafting of cervical epithelium infected with CA extract. The epithelium is highly 
hyperplastic compared with the control (a) and there are extensive koilocytotic changes consisting of nuclear wrinkling, binucleation and 
perinuclear halos. Haematoxylin-eosin stain. x245. c, Section of papillomatous epithelium from a CA virus-infected graft which has been 
stained using the immunoperoxidase technique to demonstrate the presence of papillomavirus antigen. Maturing epithelial layers contain 
black nuclei which are strongly reactive with the antibody. The immature cells in the lower layers do not contain antigen. No counterstain. x216. 


were the source of infectious virus (Fig. 2), and on DNAs 
extracted from the cervical grafts retrieved from the athymic 
mice (Fig. 3). CA supernatant, pellet, and DNA derived from 
the pellet, strongly bound the HPV-11 probe (Fig. 2); less intense 
binding was observed with the HPV-6 probe. Probes containing 
HPV-16, HPV-18 or pBR322 vector alone did not bind. DNA 
samples from four uninfected cervical grafts and from four 
cervical grafts (same human donor) experimentally infected with 
the CA extract were spotted onto nitrocellulose paper in varying 
amounts and hybridized with the labelled probes. The HPV-11 
probe (Fig. 3) hybridized strongly to DNA from grafts infected 
with CA extract; HPV-6 DNA hybridized to a lesser extent, and 
HPV-16 and -18 DNAs showed no hybridization. Similar probe 
binding was seen in the other three CA graft samples, but not 
in the normal, uninfected cervical grafts. 

The results presented here demonstrate that koilocytotic trans- 
formation of human cervical tissue may be induced with papil- 


Fig. 2 HPV DNA content of the naturally occurring human vulvar 
condyloma tissue pellet and supernatant. Dot-blot hybridization was 
done using *’P-nick-translated probes consisting of DNA from HPV-6, 
-11,-16 or -18 in a plasmid vector. Tissue pellet (50 ul of a 1:1 suspension 
in buffer), DNA extracts of tissue pellet (5 pl), or low-speed supernatant 
(50 wl) were spotted onto nitrocellulose. All probes were labelled to 
approximately the same specific activity. Filters were exposed to X-ray 
film for identical times. Vector (pBR322 without HPV DNA) was used 
as a control probe. 

Methods. Cloned DNAs of HPV-6, -11, -16 and -18 were provided by 
Drs P. Howley (Bethesda, Maryland) and H. zur Hausen (Freiburg, 
FRG). Escherichia coli (strain HB101)'* recombinant DNA constructs 
were grown in bulk and plasmids amplified with chloramphenicol. 
Plasmid DNA was extracted with lysozyme and Triton X-100 and 
purified on CsCl/ethidium bromide equilibrium gradients. Plasmid 
identities were verified by restriction endonuclease cleavage and agarose 
gel electrophoresis. Plasmids were **P-nick-translated to 1 x 10° c.p.m. 
per g DNA (Amersham, Arlington Heights, Illinois). DNA of high 
relative molecular mass was obtained by phenol and phenol/ chloroform 
extraction of the pellet of the homogenized CA pool used for preparation 
of the CA extract. After ethanol precipitation, re-solubilized DNA 
samples were bound to nitrocellulose filters and hybridized under strin- 
gent conditions (35.6% formamide, 10% dextran sulphate, 0.845 M 
Na‘, 46° C) with the **P-nick-translated HPV DNA probes. The filters 

were washed, dried, and autoradiographed at —70 °C. 


lomavirus extracted from human CA. The presumption of an 
aetiological relationship between the two has, until now, de- 
pended on the association of human wart virus markers with 
the cervical lesions. Our study fulfills the third of Koch’s postu- 
lates’? in supporting the causal relationship. It is extremely 
unlikely that an agent other than a papillomavirus could be 
responsible for our results as the morphological changes, and 
presence of GSA and HPV DNA, are diagnostic of papil- 
lomavirus infections. The use of labelled HPV-plasmid DNA 
probes demonstrated hybridization of both HPV-11 and -6 
DNAs to the CA extract and to the infected cervical tissue. Both 
HPV-6 and -11 are found in naturally occurring vulvar CA, 
although HPV-6 is more prevalent'®. As HPV-11 was pre- 
dominant in our CA extract, it is possible that one or a few CA 
in our pool were rich in HPV-11. HPV-6 and -11 are also 25% 
homologous to each other'*, so the hybridization reaction with 
HPV-6 DNA could represent cross-hybridization to HPV-11 or 
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~ Fig.3 HPV DNA content of normal and CA virus-infected human 

cervical grafts. Dot-blot hybridization was done using **P-nick- 

-translated probes consisting of DNA from HPV-6, -11, -16 or -18 

ina plasmid vector. DNAs were spotted onto nitrocellulose in 

‘volumes of 30, 15, 10 or Spl. Same probes and hybridization 
conditions as in Fig. 2. 
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a true minority population of HPV-6. The high reactivity of 
HPV-11 in the extract was reflected in the HPV content of the 
experimentally infected grafts. HPV-11 is commonly encoun- 
tered in both cervical CA and laryngeal papillomas'”. In con- 
trast, HPV-16 and -18 have been detected in cervical cancer'*!’, 
but are found infrequently in vulvar CA. Our results strongly 
support the conclusion that the CA change which we have 
induced in grafts of human cervical tissue was induced by 
‘HPV-11. 
Ultraviolet irradiation of HSV under the conditions which we 
© used destroys the cytolytic properties of the virus without sub- 
stantially reducing its ability to transform hamster cells in vitro" 
Ultraviolet light-inactivated HSV alone did not alter the appear- 
-< ance. of the cervical transplants nor did it affect the appearance 
or behaviour of CA virus-transformed tissue; this does not 
exclude the possibility of participation of herpes virus in the 
development of human cervical cancer nor does it preclude 
subsequent effects in our system, since the observation period 
was brief. 

Our report demonstrates a unique method which may be 

` useful in the analysis of transformation mechanisms for the 
_. other human papillomaviruses. The principles of this approach 
-can easily be extended to other tissues or other oncogenic agents 
= which are thought to be involved in the induction of human 
ieoplasia. More specifically, this system offers an unparalleled 
iPportunity to evaluate the relative contribution of human papil- 
naviruses and other possible co-factors to the induction of 
uman cervical cancer. 
We thank Sam Ward and Jean Hunt for transporting CA 
specimens between our laboratories; Janet Weber and Dean 
Stoesz for technical assistance; and Dr Bill White for the care 
= of the athymic mice used in these studies. This work was sup- 
- ported by the USPHS, P01-CA 27503, and the Jake Gittlen 
Memorial Golf Tournament. 
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Swimming bacteria reveal a simple mode of behaviour their 
flagella rotate clockwise or counterclockwise by turns and they 
respond to external stimuli by changing the duration of reversal 
intervals, thereby migrating in gradients towards attractants or 
away from repellents in a ‘biased three-dimensional random walk’. 
The molecular mechanism that regulates the directional change 
of flagellar rotation is unknown. The light-controlled behaviour 
of the archaebacterium Halobacterium halobium bears many 
similarities to chemotaxis in eubacteria’, and offers the advantage 
of studying the events with a better resolution in time. We have 
now found in H. halobium that the distribution of the interval 
length between reversals is log normal and not exponential, as ‘it : 
is in Escherichia coli. During the interval, the responsiveness of | 
the cells to attractant stimuli changes in a sawtooth-shaped man- _ 
ner. These results indicate that the intervals between reversals in 
this organism are regulated by an oscillator which is influenced — 
in opposite directions by attractant and repellent stimuli. 3 

Halobacteria are polarly flagellated and swim in either direc- 
tion of their long axis. About every 10-20 s, depending on the 
bacterial strain, the cells spontaneously reverse their swimming 
direction as a result of change of flagellar rotation from clock- | 
wise (CW) to counterclockwise (CCW) or vice versa’. Light: 
stimuli influence this behaviour through two retina-dependent © 
sensory photosystems*° which, according to their maximal spec- 
tral sensitivity, are called PS 370 and PS 565 (ref. 6). ; 

Single bacteria in a suspension from the stationary growth 
phase were observed through a microscope connected to a video” 
system. Their movements were followed by eye, and the intervals 
between reversals of the swimming direction were measured 
with an electronic stop-watch. Comparison of even- and odd- 
numbered intervals (t-test) indicated that subsequent intervals 
between spontaneous reversals measured in an individual cell 
did not differ significantly, that is, the bacteria have no preferred 
swimming direction. Variations of spontaneous interval lengths 
measured with single cells were similar to those from a popula- 
tion of cells, the standard deviations covering a range of 25-59% 
in both cases. Differences between individual cells, however, 
contributed slightly to the overall variation (anal ysis of variance, 
P =0.025). The shapes of the frequency distributions of spon- 
taneous reversal intervals obtained from single cells and from 
a population of cells were also similar (Fig. 1). l 

An increase of yellow-green light or a decrease of ultraviolet ; 
light prolonged the interval to the next reversal and was therefore - 
regarded as an attractant stimulus. An increase of ultraviolet 
light or a decrease of yellow-green light, on the other hand, 
shortened the interval to the next reversal and was considered 
to be a repellent stimulus’ (Fig. 1). We found that a stimulus 
changed one reversal interval only; the following interval was 
equal to the pre-stimulus (spontaneous) one. Also the respon- 
siveness to a stimulus was the same whether it was applied after 
a spontaneous reversal or after a stimulus-determined one (Table 
1). Thus, the cells quickly adapt to constant light conditions. - 
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Fig. I Frequency distributions of interval lengths Sclwees spon- 
taneous reversals {mean ts. d. = 12.27+5.13s, 443 intervals) and 
tervals obtained after a repellent stimulus (3.51 + 0.36 s, 491 inter- 
vals) or an attractant stimulus (26.59 +7.47, 525 intervals), Each 
histogram contains data from one culture (H. halobium, strain ws) 
“only. Frequencies were normalized with respect to the maxima. 
i Repellent stimulus: step-like light increase of 6x10° photons 
comm”? s”! at 370 nm. Attractant stimulus: step-like light decrease 
chof 6x 10" photons mm™ s~', 370nm. Stimuli were applied 2s 
after a spontaneous reversal had been observed. The interval length 
between the reversal before and after the stimulus was measured. 
Background light was white light, 250 uW mm. For technical 
details see ref. 1. Insert: distribution of spontaneous intervals from 
7 3 single cells, 20 events each. 





Table 1 Behaviour after a spontaneous or stimulus-determined reversal 





ist interval 2nd interval 


cap Interval Interval 
< Stimulus length (s) Stimulus length (s) 
. None 8.80.7 None 8.70.8 
 Attractant 17.4+0.6 None 8.7+0.7 
< Repellent 5340.4 None 8.7+0.8 
None 8.4+£0.4 Attractant 17.9+0.9 
 Attractant 17.7 1.2 Attractant 18.54 1.1 
Repellent §.$+0.2 Attractant 17.9+1.1 
“None 8.7+1.2 Repellent 5.1403 
AEE A 1711.3 “Repellent 5.4+0.3 


pepelent §.3+0.3 
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i Wo: successive é reversal aadi were measured i in an individual cell. 
tractant stimuli (light decrease of 6x 10'*. photons mm™*s"! at 
vam) or repellent. stimuli (light increase at 370 nm, same intensity 
ige) were applied during the first and/or second interval, 2s after 


versal. Each value i is the meanzts.e.m. of 30 measurements. 


shape © of he ioe frequency histograms (Fig z shores sym- 





nied rs E coli, Belg a and oo wanken! ° concluded that 
rsal induction * ‘was a poissonian process. In their ‘two-state 
re spol ntaneous transitions between CW and CCW rotation 
cour e with a constant probability per unit of time. The distribu- 








to assum hat the interval length in this organism is regulated. 

btain more information about the regulation of the 
esponse, ‘we stimulated bacteria at different times after a 
reversal. The effectiveness of a ‘light stimulus in biasing the 
probability of the time of the next reversal was not constant 
during an interval but depended strongly on the moment at 
- which the stimulus was delivered. The effectiveness of an attrac- 
tant stimulus, represented by the length of the reversal interval, 
first increased a to reach. a maximum at a delay of 
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Fig. 2 Effectiveness of attractant and repellent stimuli in the 
course of time between two reversals of the swimming direction. 
a, Experimental programme. Cells were stimulated at given delays 
after a spontaneous reversal. The shortest delay was 200 ms, due 
to the experimenter’s reaction ime. At, is the interval length between 
two spontaneous reversals, R,, and R, At, is the time between 
R,, and R, the reversal determined by an attractant stimulus. At, 
is the time between R, and R, the reversal on a repellent stimulus. 
b, Upper curve, the effect of attractant stimuli; lower curves, the 
effect of repellent stimuli. Open symbols, light intensity changes 
of 610’ photons mm™’s' at 370nm; filled circles, 10-fold 
intensity. The dotted lines show the interval length At minus delay. 
Background, white light, 250 uW mm’. Temperature, 22-24°C, 
Each point is the mean+s.e.m. of 30 measurements. At a delay of 
6s, less than 10% of the cells reversed before the stimulus was 
delivered and were therefore discarded. Similar curves were 
obtained when the cells were stimulated through PS 565. 


about 2s and then became weaker again (Fig. 2b, upper sees es 
Subtraction of the delay shows that the initial increase of the 
curve is not a result of the increasing delay (dotted curve)... 
Measurements of bacterial strains with different spontaneous _ 
reversal intervals up to 24 s showed that attractant stimuli always 
exert their maximal effect at a delay of ~ 1/5th of the spon- 
taneous interval length {not shown). E 

When repellent stimuli were applied shortly after a spon- Že 
taneous reversal, the cells did not respond at all''; even a 10-fold 
stimulus did not shorten the reversal interval (Fig. 2b, low 
part). This period of ‘absolute refractoriness’ lasted ~500- 
and was followed by a period during which the reversal interval 
gradually became shorter. With further delay, the interval length 
increased again and finally approached the pre-stimulus value. 
In the case of repellent. stimuli, the latter effect is, of course, a. 
consequence of the increasing delay. The response latency (At, 




















minus delay), which can be taken as a measure of responsiveness — 
to repellent stimuli, becomes shorter with increasing delay. The 
duration of absolute refractoriness did not depend on the length 
of the spontaneous interval; it also lasted for ~500 ms in cells _ 
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oe Fig. 3 Schematic drawing to explain response régulation on the 
basis of an oscillator. The heavy line, which reflects the time- 
. dependent change in responsiveness to attractant stimuli (see 
Fig. 2), represents the shape of self-sustained oscillation and is 
regarded as the ‘regulator’ concentration in the absence of stimuli. 
Light lines illustrate the hypothetical change of regulator level after 
“repellent or attractant stimuli applied at different times, t,~ 1, or 
ti -ti during an interval. R, Spontaneous reversals; R,, reversals 
after a repellent; R,, reversals after an attractant stimulus. Dashed 
~Jine; critical concentration (C,,;,) at which a reversal is induced. 
For further explanations see text. 


which spontaneously reversed ~every 20s. Similar curves to 
those seen in Fig, 2 were obtained when the stimulus was given 
after a stimulus-determined reversal instead of a spontaneous 
vone (not. shown). 
< The interval distributions shown in Fig. 1, together with the 
sawtooth shape of the attractant curve, indicates that an oscil- 
< Jator controls the behavioural pattern in H.-halobium. Figure 3 
_. shows our present hypothesis on the regulation of reversal 
intervals and sensory control in H. halobium. We assume that 
z the time-dependent change in the responsiveness to attractant 
stimuli (Fig. 2) reflects the time-dependent. change in the con- 
centration of a regulatory substance X. This substance, which 
_ is thought to have a similar function to the ‘response regulator’ 
_ proposed by Koshland”? for eubacteria, oscillates within a cer- 
_ tain concentration range and triggers a switch to change flagellar 
“rotation from CW to CCW or vice versa when a critical level is 
- teached, Sensory input signals should transiently influence the 
level of the regulatory substance and thereby shift the phase of 
_ the oscillator. The result is one altered interval, according to 
-the observations shown in Table 1, that is, only one period of 
oscillation is disturbed. As attractant and repellent stimuli have 
- opposite effects on the interval length, we assume that they alter 
_ the concentration of X in opposite directions. | 
Our model shows how the effectiveness of an attractant 
‘stimulus is greatest when the concentration of X is farthest from 
the critical value. It also explains how the response latency for 
a repellent stimulus (At, minus delay) in Fig. 2b progressively 
decreases while X rises towards the critical value. The shortest 
latency that we could measure between stimulus and first observ- 
able movement of the cell in the new direction was 1.5 s, perhaps 
because of time taken following the oscillator. A sawtooth shape 
for the repellent curve cannot be expected because of the refrac- 
tory period. Refractoriness may be an inherent property of the 
oscillator or should at least be closely linked to it or to adjacent 
~ steps in the signal-processing pathway. This is supported by the 
< fact that simultaneously applied attractant and repellent stimuli 
= cancel each other even during the refractory period (not shown), 
_ indicating that repellent stimuli are recognized during this period 
and that cellular signals are generated and integrated. We assume 
that the output of this integration link influences the concentra- 
tion ofthe regulatory substance X. i 
-Our results show that response regulation i in the Peers 
‘terium H. halobium is fundamentally different from that in E. 
coli or. almonella  phimurium. Mote that H. halobium modu- 





















iis. ase and 11 hexagonal lattice lines were measured. They. 





versa, while E. coli controls the direction of flagellar rotation 
and swims only when the flagella rotate CCW. | | 
We thank Drs Howard C. Berg, Hermann Kühn and Robert 
M. Macnab for their valuable comments on a previous draft of 
the manuscript, and Regina König for technical hel : 3 
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Porin channel triplets merge 
into single outlets 
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Previous observations on the structural’ and functional? proper- 


ties of porin, the matrix protein of Escherichia coli, have indicated _ 
that the channel-forming trimers span the outer membranes of the 
bacterial cell, forming a molecular sieve’. By using electron micro- 
scopy and image reconstruction, we demonstrate here that three 
channels on the outer surface of the cell merge into a single channel 
at the periplasmic face. Conductance measurements using condi-. 
tions under which single activated triplets could be observed ked 
us to conclude that the three individual consecutive closing steps 
reflect three channels within a single trimeric unit. Statistical 
analysis of conductance levels revealed that the first relaxation — 
step is distinctly smaller than the two subsequent channel closings. 
This functional observation can be explained if the channels of 
porin trimers coalesce. — 

Porin contains a large fraction of polar amino-acid residues 
and does not exhibit a single long hydrophobic stretch’. Itis- 
arranged predominantly in an anti-parallel B-pleated sheet 
structure’. Though different from hydrophobic membrane pro- 
teins such as bacteriorhodopsin, a transmembrane arrangement 
of porin may be envisaged by postulating extensive hydrogen- 
bonding networks among polar residues’. Such unusual proper- 
ties prompted further investigation of its function and structure. . 

We used membrane vesicles reconstituted from homogeneous | 
porin trimers and phospholipids at high? or low’ protein-to- _ 
lipid ratios, all other conditions being identical. High protein | 
concentration (final protein-to-lipid weight ratios of 6) yielded. 
two crystal forms, one rectangular (unit cell dimensions a= 
13.7 nm, b = 7.9 nm, see Fig. 1) and the other hexagonal (lattice 
constant a=7.9 nm). Projections of negatively stained. mem- 
branes were recorded over tilt angles of +60° for both rectangular _ 
and hexagonal crystals. and were used for three-dimensional | 
reconstructions as described elsewhere''*. Fourier terms of 16 
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extend to a resolution of 2.3 nm within the plane of the mem- 
brane and 2.8 nm perpendicular to it (Fig. 2). The smooth ampli- 
tude and phase curves, interpolated by a sin(x)/x function, 
show a distinct symmetry with respect to the membrane plane 
(Fig. 2b, c), which is due to a (crystallographic) stacking of two 
porin layers with trimers positioned face-to-face'*. Face-to-face 
dimers of porin trimers also appear to constitute the basic 
building block in porin crystallization to large three-dimensional 
crystals’. Contour maps of the two different crystal forms clearly 
show the transmembrane channels (Fig.3). Sectors of single 
membrane layers each contain two trimers corresponding to a 
protein relative molecular mass of 220,000 (220K) and lipids of 
35K. This 6:1 protein-to-lipid weight ratio appears to be the 
same in the small hexagonal and the rectangular lattices. 

The triplet stain indentations, which were previously tenta- 
tively designated as pore orifices™, can now be seen as con- 
tinuous, stain-penetrated channels (Figs. 2, 3). Their structures 
are strikingly similar in both polymorphic crystal variants. The 
triplet channels on one side of the membrane merge into a single 





. Fig. 1 Porin membranes obtained by reconstitution with dimyris- 
i toyl phosphatidylcholine. After freeze-drying and tungsten 
j shadowing a regular surface modulation becomes visible. Mem- 


branes are frequently broken along lattice lines. From shadow channel on the opposite membrane surface (Fig. 2a). In agree- 
, lengths and direction (arrow), and a shadowing angle of 30°, the ment with earlier results obtained from freeze-dried and 
| thickness of a single layer is estimated to be 5.5 nm. Scale bar, shadowed specimens'*, we conclude that three orifices are situ- 
’ 50 nm. ated on the cell surface, implying that the single outlet is located 


| Fig.2 Three-dimensional reconstruction of 
two-dimensional porin crystal lattices from pro- 
jections recorded over tilt angles of +60°. a, a 
Serial sections across a three-dimensional map 
of the rectangular crystal form sliced parallel 
to the membrane plane. The point of reference 
| of the calculated sections is near the inner sur- 
l! face of the membrane (at the left). Individual 
panels represent sections sampling the mem- 
\ brane at l-nm intervals. Contours divide the 
| density range of the three-dimensional map into 
| five equal levels. The figure illustrates the diver- 
gence of a single channel to a triplet channel 
(from left to right). b, Amplitude (left) and 
phase diagram (right) of the prominent 2,1 lat- 
tice line from the rectangular lattice. A distinct 
symmetry with respect to the membrane plane 
is evident. The overall phase residual was 17° 
or, if symmetry along the z* axis was enforced, 
16°. c, Amplitude and phase diagram of the 2,1 
lattice line from the small hexagonal lattice. 
The overall phase residual in this instance was 
12°, and 15° if symmetry along the z* axis was z'inM) ~’ 
enforced. 





180 





Fig. 3 Three-dimensional reconstruction of 
porin membranes. a, b, The small hexagonal 
crystal form. a, A view from the outer surfaces 
towards the inside; b, the opposite view. c, d, 
The two perspectives of the rectangular lattice 
in analogous sequence. In both crystal habits, 
two trimers are shown within an area of 13.7 x 
7.9 nm. In the hexagonal form, a central triplet 
channel is surrounded by four quarters of 
neighbouring trimers. In the rectangular form, 
the two triplets contained within the area shown 
are rotated by 180° around an axis perpen- 
dicular to the membrane plane (see Fig. 2a). 
Contours along the z-axis are 0.5 nm apart, with 
increasing brightness from back to front. The 
protein (and lipid) mass with a density of 
1.2K nm~, is shown as a grey body. 















= 
> 


} 
i 

hope 
BG mv 


No. of occurrences 
pond 


a 





-> Fig.4 Conductance levels of channel triplets. Single-step relaxa- 
< tion was observed consistently, with occasional rapid fluctuations 
_. between open and closed states. a, Four consecutive closures of a 
~ channel triplet. Switching the voltage on and off (180 mV; line at 
. the bottom of a) yields a representative series of voltage-dependent 
opening and closing events of one channel triplet. Planar mem- 
< branes were formed from soybean phospholipid and homogeneous 
porin trimers with undissociated glycolipids (lipopolysaccharides) 
_. ata protein-to-lipid weight ratio of 6x 107°. The average number 
<. of trimers per bilayer was 30 in all experiments. The voltage was 
_ slowly increased until a single trimer was activated; this occurred 
„at 180 mV in the trace shown. About 12 consecutive opening- 
closing cycles were observed with the first activated trimers before 
activation of multiple-channel triplets was recorded’. Solutions 
_ in the two-compartment cell were buffered with 20 mM HEPES, 
“> pH7.0, and contained 1M NaCl. b, Conductance steps (à) rep- 
-resent the closing of individual channels within a porin trimer. 
~ They are slightly but distinctly different. Differences were analysed 
-from recordings of 326 opening and closing cycles using 27 
independently activated channel triplets (of which that in a is one). 
In terms of conductance ratios (A;/A,, where subscripts 1-3 indicate 
conductances of the first, second and third closure step, respec- 
tively), the first step was 7% smaller than the second and third. 


on the periplasmic side. Attempts to confirm the orientation of 
these orifices by surface reconstruction of freeze-dried, 
shadowed cell envelopes are now in progress", 

In view of the observed channel morphology, a re-investiga- 
tion of previous functional findings”’® appeared necessary. 
Reconstitutions were performed with protein-to-lipid ratios 

-eight orders of magnitude smaller, allowing individual steps of 
channel closure to be observed within single triplets. Figure 4a 
_ shows a typical trace of repeated openings of a single channel 
triplet, and three consecutive closing events corresponding to 
_ individual channels within one triplet. Statistical analysis 
(Fig. 4b) shows that the peak of the conductance of the first 
- step is significantly smaller than that of the successive second 
and third steps, although the difference determined amounts to 
amere 7%. A qualitative explanation of this phenomenon would 
imply that the single orifice on one side constitutes the limiting 
- _ area for ion flux if all three channels are open. Once one of the 
channels is closed, the area of individual channels becomes 
“limiting. This can be inferred from the geometry of coalescent 
_ triplet channels (Fig. 3), in which the area of the common orifice 
is smaller than the sum of the areas of individual channels. 
The molecular mechanism of channel opening and closing, 
_ however, remains to be understood. Relatively small conforma- 
nal changes of subunits may occur, with effects comparable 
those of the allosteric changes seen in haemoglobin on its. 
“water-filled pore’, although more drastic changes might be 
-expected to occur in porin. Rotation and tilting of subunits, 
alogous to the conformational changes suggested to cause the 
opening and closing of gap junction channels’®, are also conceiv- 
< able. In any event, the correlation of functional properties with 
structural alterations seems possible. Attempts to visualize the 
-© open and closed states of the channels in three-dimensional 
-> reconstructions of stained or unstained preparations are in pro- 
= gress. In conjunction with the high-resolution X-ray structure?“ 
< and an improved understanding of the internal organization of 
._ porin’, the configuration of its water-filled channels across the 
bacterial outer membrane should be elucidated soon. 
_. We thank A. Hardmeyer and M. Regenass for their help, and 
c. Barber for secretarial assistance. Support from the Swiss NSF 
(grant 3.251.82 to A.E., 3.656.80 to J.P.R. and 3.303.82 to H.S.), 
‘and from the National Institute of General Medical Sciences 
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Physical and functional repetition 
in a bacterial ice nucleation gene 
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Nucleation of a physical process is distinct from catalysis, and as 
the function of a protein it is highly unusual. The ability to nucleate 
ice formation in supercooled water is a property of some members 
of the bacterial genera Erwinia, Pseudomonas and Xan- 


thomonas'~*, This property is implicated in the ability of bacteria 
to cause frost injury to plants. Orser et al.* have demonstrated 


that a single small region of DNA encodes this phenotype, and 
there is evidence that phosphatidylinositol is involved". Biological 


ice nuclei are also found in the haemolymph of certain freeze- 
tolerant insects“. It is thought that an ice nucleation site must 
bind water molecules in an orderly array resembling an ice crystal, 
We have now determined the sequence of an ice nucleation gene 


from Pseudomonas syringae. It predicts a translation product 
whose structure is consistent with the role of template, containing — 
122 imperfect repeats of the consensus octapeptide Ala-Gly-Tyr-. 
Gly-Ser-Thr-Leu-Thr, All the repeats are contiguous and higher- 
order periodicities are superimposed on the octapeptide pattern 
throughout. Deletion analysis showed that most regions of the 
repeating structure are not essential for function. Up to 68 octapep-_ 
tides could be deleted without abolishing ice nucleation, but all 


deletions showed reduced activity. This indicates that the repeated 


peptides contribute individually to the nucleation process, as expec: 


ted if they act as individual units of a water-binding array. , 
We cloned sequences conferring ice nucleation activity from 

P. syringae strain $203 (J. Lindemann, unpublished). Ice 

nucleation-active (INA~) clones of Escherichia coli were dete 





kilobase EcoRI/ BglII fragment conferring the INA* phenotype 
was subcloned into vector pUC8 (ref. 7). Its sequence was 
determined and is presented in Fig. 1. It contains a single lon 
open reading frame (which we designate inaZ), whose end 
points are indicated in the sequence. Through most of this 
reading frame, but nowhere outside it, there is a striking degree 
of sequence reiteration, with a 24-base periodicity. The con- 
sensus repeat (although not perfectly conserved in any position ) 
is GCCGGTTATGGCAGCACGCTGACC. The greatest varia- 
bility between repeats occurs at each codon’s third base, sugges 

ing that selection has operated on the translation product o 

this sequence. The sequence of the predicted translation product 
contains exactly 1,200 amino acids (Fig. 2a); its relative 
molecular mass would be 118,610. Exactly 122 contiguous 
repeats of the consensus octapeptide AGYGSTLT can be rec- 
ognized in it (residues 176-1,151). Two higher orders of peric 

dicity were detected by ¿ an algorithm which plots self -comparison 


















































ACGCCCGCCGCTATGACATT 
CACGTGTCAATTATGATCGG 
ACTTCCCAAGCGCGGTCTCT 
ATTTGATTAACAAAAAAAAT 
AGAAAAATCTTAATATTAAT 
GACATGGCAGTTGTCCTATA 
ACATGGCCGATCACTGCGGC 
GCGCTTTTCTAAGCGTGCAT 
TCGGCGACAGGATCAGCGCG 


CAAGTGTCACGTTACCGGTG 


CCGCCACTTACGGCAGCACG 
CCOGCCGGCTCCGACAGCTGG 
CGGCAGGGTACGGCAGCACC 
CGGCTCAGGAAGGCAGCAAT 
CCGCGGGCTACGGCAGTACG 
CCTCGGGAAGTGACAGCGCC 
TCGCCOGTTACGGCAGCACG 
CAGCAGGTGTCGACAGTTCG 
CGGCGGGCTACGGCAGCACT 
CTGCCCGTGAGGGCAGCACC 
CGGCAGGTTATGGCAGTACC 
CCGCAGGTCACGAGAGTTTC 
TTGCGGGCTATGGCAGTACG 
CCGCCAGAGAACACAGCGAC 
CCGCCGGTTACGGCAGTACC 
CGGCAGGCTACGAAAGCACG 
TCGCGGGTTACGGCAGTACG 
CCOCCGGCTATGCGAGCTCG 
CCACCGGGTACGGAAGTACC 
CCGCAGAGTATGGAASCTCA 
CGGCAGGCTATGGCAGTACG 
TTGCAAGTTACGGCAGCTCG 
TTGCCGGTGCGGGCAGTGTA 
CTGCCGGCGATAGAAGCAAA 
TTGGCAGTGAAGGCTCGACG 
ACATACCGTATTACGTGAAC 
GGCGCGTCGATGGAATTC 





AGATCTGTCGCGCGCGACGG ATCGATCAGCGTCTGGTGCT 


CATTACGGTCGGGTGCGCTT 
AAAGATCGGTTGATCGACTG 
GCCACCGTTAGTTCGCTGTT 
TAATGAGCATTATTCTATIG 
TAATGTTTGTTAATGGGGTG 
AAGCAATGCTTGATAAGTGC 
CTTATATGGCCCGCGTCCGG 
GCCGATGCTCGATGGATTGT 
TCACACTTCATTTCGGCACG 
GCCGAACAGGCCCGTCATGA 
TTGAGTGGCGACAATCACAG 
CTGGTCGCTGGCTATGGAAG 
GGCACGGCAGGCTCGGACAG 
CTCACCGCTGGGTATGGCAG 
CAGACGGCCCAGGAGGGCAG 
CTGACCGCAGGCTATGGCAG 
CARACCTCGGGCAGTGACAG 
TTGATCGCCGGATATGGCAG 
GGCACGGCAGGTGCCGACAG 
CTGACGGCCGGATATGGCAG 
CAGACCGCACAGCAGGGCAG 
ATCATTGCGGGTTATGGAAG 
GGAACCGCAGGCTCGGGCAG 
CTTGTCACAGGCTATGGCAG 
CAGACGGCACAGGAGCGCAC 
TTGACCGCCGGTTACGGCAG 
CAAACGGCAGGCTACGAGAG 
CTGATTGCGGGTTATGGCAG 
TCCACAGCCGGCTTTGCCAG 
CTCACTGCGGGCTACGGCAG 
CTGATCGCCGGACTTCGCAG 
TIGATTGCAGGCCATGAAAG 
CAACTGGCGGGTGATCGCAG 
CTGACCGGCGGGCATGACTG 
CTCTCGGCTGGAGAAGACTC 
GAAGATGACGATATTGTCGA 





GTATGTCGAGCACTACCTGA 
CGACATGGTCCCCACGGCGC 
TGACCTCGAATACTGGCGTC 
TTCTATAAATAAATACTCAT 
TTGCTGGCGGGGTGGCGTTA 
TGGTAGGTTTTTGGTGTGGA 
GOCTGCTTTTATTTAAAGGA 
CACGGTGGAATCCAGATACT 
CTGTGAAGTTGCCGTTGCAG 
TCAGGCCGACCCTGCGTCAA 
AGTGTTCGATGTCGCGTCGG 
TCGTCTGATTGCCGGTTATG 
CACCCAGACCGCCGGTGGGG 
TTCGCTGATCGCCGGTTACG 
CACCGGCACGGCAGGCTCGG 
CAATCTGACGGCGGGGTACG 
CACGCAAACGGCCCAGGAAG 
CTCGCTCACGGCGGGGTACG 
CACGCAGACCTCGGGAAGTG 
TICGTTGATCGCCGGATATG 
TACCGGAACAGCTGGCGCTG 
CGTACTCACATCAGGCTATG 
TACACAGACAGCGGGCCACA 
TTCGCTGATCGCAGGTTATG 
CACTTCAACGGCAGGGTCAA 
GAGCCTGGTCGCAGGCTACG 
TACGCAAACCGCTCAGGAAA 
CACGTTGACCGCCGGTTACG 
CACGCAGACTGCGGGTTATG 
CTCGCTGATCTCCGGTTATG 
CACTGCAACGGCCGGGCAGG 
CGTTTTGATCGCCGGTTATG 
CATTCAGGTCGCCGGAAATA 
CCGGTTGATTGCCGGTGCAG 
CACCCTGATGGCGGGAGACC 
CATACTTATTTTCAGGCTCT 
TAAACCCGACGAGGACGATG 








GACCGGAGTTGTTCCCCGGC 
TGCACAGCGAAGCAGCCGCT 
ATGATGCTATTCATGTGCGC 
TTTGTTGATAAGAATGTGTG 
AATTAGTTGGTTITTTTAATG 
AGGATAGGCGCTGTITAGTT 
TCTATGAGGATGCTGTAATG 
GGCAGTCAACCAGGCGGCAT 
ACATCATCAGTCTGGAAGAG 
CATCAACATCAACGTTAACG 
TCAGCGCGGCTGCCGCCCCA 
GCAGTAACGAGACCGCTGGC 
ACAGCGCGCTGACAGCGGGT 
GCAGTACTCAGACTTCGGGC 
ACAGCTCCTTGATCGCCGGT 
GCAGCACGGGTACAGCAGGT 
GCAGCAATCTCACTGCTGGG 
GCAGTACGCAGACGGCTCAG 
ACAGTGCGCTGACAGCGGGT 
GCAGCACGCAGACGTCAGGC 
ACAGCTCGCTGATCGCCGGT 
GCAGTACGCAAACGGCCGGG 
AAAGTATCCTGACCGCTGGT 
GCAGCACCCAGACCGCGAGT 
ACAGTTCGCTGATCGCCGGC 
GAAGCACGTCGACTGCGGGC 
ACAGCTCGCTCACCACAGGT 
GTAGTACGCAAACCGCGCAG 
AGAGCACGTTGACCGCCGCT 
GCAGTACGCAGACAGCCGGC 
ACAGTTCATTGATAGCCGGC 
GCAGTAGTCTTACATCGGGC 
AAAGCATGCTGATCGCCGGC 
ACAGTAATCAGACCGCGGGT 
AAAGCAGATTGACCGCTGGT 
GGGACGGGAAGAGGTACAGG 
ACTGGATAGAGGTAAAGTAG 








ATTCTCGAACACGACCTGAA 
GCACTGAAGGTTTCACTGGG 
GCAGAGGTGAACGGCGAATG 
CAATGTACAGCCTGTTTAAT 
GAATTTCCCAGAGTAATTGT 
GGTATTATTTGCACGATCGT 
AATCTCGACAAGGCGTTGGT 
GAGAATGGTCTGGTCGGTTT 
CCGGGAATGGTCAAGTTTCC 
CCAATGCCCACTGCCATACC 
GTAAACACCCTGCCGGTGAC 
AACCACAGTGATCTAATTGC 
TACGGCAGCACCCAGACCGC 
GGGGACAGCTCACTCACAGC 
TATGGCAGTACACAAACCTC 
GTCGACAGCTCTCTGATCGC 
TATGGCAGCACCGGCACGGC 
GAAGGCAGCATTCTGACGGC 
TACGGCAGCACGCAAACGGC 
AGCGAAAGTTCGCTTACCGC 
TACGGCAGCACGCAAACCTC 
GCTGCCAGTAACCTCACCAC 
TATGGCAGTACTCAGACGGC 
TACAGAAGCATGCTGACCGC 
TATGGAAGCACTCAGACGGC 
TATTCCAGTTCCTTGATCGC 
TACGGAAGTACTTCTACTGC 
GAGCGCAGTGATCTGGTGAC 
TACGGCAGCACGCAAACCGC 
TATAAAAGTACCCTCACGGC 
TATGGCAGCTCCCTGACCAG 
GTTCGCAGCACGTTGACTGC 
AAGGGCAGCTCGCAGACAGC 
GACCGCAGCAAACTGCTGGC 
AAGAACAGTGTCTTGACGGC 
CAACTGGTCGCCAGAACGGG 
CCCGCGTTATTCAAGCACTC 


CGAATCGCTCAGTGAACTCT 
TAGCCCGGGCCTGCGCATTG 
AATGCCGGTGTGGCAAACCC 
AGGTTTTGTGTAATGCATGC 
TCTAGTTTTCAGCGGATTTA 
TCCATGTTTGGATTAAGGCT 
GCTGCGTACCTGTGCAAATA 
ACTGTGGGGCGCTGGAACCA 
GCGGGCCGAGGTGGTTCATG 
CACGCCCATGCCTGCCGTAG 
GACGCCGCAGAATGTGCAGA 
CGGTTATGGAAGTACAGGCA 
CCGCGAAGGCAGCAACCTGA 
GGGTTACGGCAGCACGCAAA 
GGGAGGCGACAGTTCGCTGA 
GGGATACGGCAGCACGCAGA 
AGGTTCCGACAGCTCGCTGA 
GGGGTACGGCAGCACGGGTA 
CCAGGAAGGCAGCAACCTGA 
AGGCTATGGCAGTACCCAGA 
GGGCAGTGAAAGCTCGCTCA 
CGGTTACGGAAGTACAGGTA 
CAGGGACGGTAGCGACCTGA 
CGGTTATGGCAGTACCCAGA 
GGGCTTCAAAAGCATACTGA 
CGGCTATGGCAGCACGCAGA 
GGGCTATTCCAGCTCGCTCA 
AGGTTATGGAAGTACCTCCA 
ACAGGAAAACAGCTCGCTCA 
CGGTTACGGCAGTACTCAGA 
COGAATCAGAAGTTTTCTGA 
GGGTTATGGCAGTAACCAGA 
AGGTTTTCGCAGCACGCTGA 
CGGTAATAACAGTTATCTGA 
AGGCGCTCGTAGCAAACTGA 
TGAGAACGGTGTTCAGGCCG 
CACGACTGAATCATCGACAG 


Fig. 1 Nucleotide sequence of the genomic restriction fragment from P. syringae $203 which confers ice nucleation activity in E. coli. 
Nucleotides are numbered in the 5‘ to 3‘ direction. The following sites are underlined: 1-6, BglIl site, 787-790, putative ribosome binding 
=. site; 798-800, first methionine codon in the long open reading frame; 4,398-4,400, termination codon for the long open reading frame; — 
Er 4,453-4,458, EcoRI site. 
- Methods. Subsections of the Bg/l1/ EcoRI fragment were cloned into pUC8 and pUC9 (ref. 7). A range of restriction fragments was generated 
_ by partial digestion with Sau3A, Hpall or Taql, and complete digestion with EcoRI or HindIll. These fragments were cloned into the M13 
- p10 and mp11 vectors'®. Single-stranded DNA from M13 clones was 
oriented relative to one another'', and single-stranded DNAs were sequenced by the dideoxy termination method of Sanger et a . 
M13 universal primer'?. Gel electrophoresis was performed as described by Sanger and Coulson’’. All information is derived from readings 


prepared from individual plaques, the inserted DNA fragments were 


i’? using an 


of both strands. Each strand was read twice, and discrepancies corrected, before comparison with the other strand. 








natrices®, A 16-residue periodicity is present throughout the 
me region; the 16-letter ‘words’ in Fig. 2 emphasize this. In 
dition, a 48-residue periodicity is present in two regions, 
sidues 208-591 and 592-959. Each line in these regions corre- 
onds to a repeat of this order. 

ave the various orders of periodicity in inaZ arisen by 
mplification or by convergent evolution under selective press- 
re? The codon usage pattern for serine allows us to infer 
evidence for the former mechanism. Two mutations are 
© necessary to interconvert serine codons of the TCN and AGPy 
types, with the intermediate triplet encoding a different amino 
acid. Therefore, where serine is strongly conserved, its triplet 
will remain ‘trapped’ in one of the two codon types. By assuming 
minimum mutational distance, we calculated the most probable 
derivation of the consensus 48-residue repeats via amplification 
-of a basic octapeptide (Fig. 2b). This predicts a particular codon 

























usage pattern which is compared with the observed pattern to 
test the amplification hypothesis. Serines derived from the serine _ 
at position 5 in the ancestral octapeptide should all be encoded - 
by the same triplet type, though which one is not predicted. The 
same is independently true of the set of serines which occupy 
position 14 of the 16-mer, and of those which occupy positio: 
7 of the 48-mer. The predicted pattern of codon usage can be — 
seen with only one exception, in the very last octapeptide. All © 
but one of the serines at octapeptide position 5 are encoded by 
the AGY triplet type; those in other positions are encoded by ` 
TCN triplets. We also examined the codon usage patterns of 
other amino acids, but not surprisingly these were considerably 
more random. os 
On the basis of codon usage, therefore, we can judge that the © 
observed periodicities are unlikely to have evolved through — 
convergence. However, we cannot distinguish between - 














Fig. 2  Amino-acid sequence of the inaZ gene. Amino acids are 
abbreviated as follows: A, alanine; C, -eystei ; D, aspartate; E, 
amate; F, n G, Dahon x iine hh isoleucine; 
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Peis. serines oded byt the: Abas | pane are 
sented in lower case. a, Predicted translation product of the 
reading frame identified in Fig, 1. An arbitrary layout was 
chosen to emphasize certain features.of the periodic structure. 6, 
ypothetical derivation of the observed repeat. diversity during 
three rounds of amplification. Each dot denotes a single base 
change occurring between rounds of amplification, The final two 
-48-residue blocks correspond to two segments of the observed 
sequence, which consist of residues 208-591 and 592-959, respec- 
ively: 7 The scheme shown requires the minimum number of base 
changes. 













amplification and intragenic mismatch correction as possible 
causes for the current structure of inaZ. Both phenomena are 
related to recombination, and both seem likely to have been 

_. Involved in the evolution of this gene. 
-> What may be the function of the repeating elements of protein 
structure? It is attractive to hypothesize that each element may 
_. provide an individual unit for binding water molecule(s), Their 
-strictly conserved periodicity could provide (in at least one 
7 dimension) the regularity required for the water-binding array 
of an ice nucleus. A prediction of this hypothesis is that no 
particular part of the repeating structure will be essential for 
ice nucleation, although each will contribute individually to the 
nucleation process. To test the prediction, we isolated deletions 
running between Hpall sites in the inaZ gene. Most of these 
deletions did not cause frameshifts and did not. disrupt the 
8- amino-acid PE paa pelt sites occur mainly at 



























ATG... 
798 1900. 


ie: 3 Map of deletions ; in ‘inaZ. S, Salī site. 
Dot on stalk, Hpall site. Solid bars denote | 
deletions which do not change the reading | 
frame of downstream sequences. Striped bars 
denote frameshift deletions. The number of 
_ base pairs removed is shown next to each dele- 
tion. For a non-frameshift deletion, this is. 
shown as a multiple of the octapeptide-coding 
unit (24 base pairs; bp). Thus, A124 removes 
two octapeptides (=48 bp) and is therefore 
marked ‘(24).2 bp’. 
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a 1 MNLDKALVLRTCANNMADHCGL IWPASGTVESRYWOQS ' TRRHENGLYGLLW . 
$1 GAGTSAFLSVHADARWIVCEVAVADIIs LEEPGMVKFPRAEVVEVGDRI s 
101 ASHFISARQADPASTSTSTLTPMPTAIPTPMPAVASVTLPVARCARHEVF 
151 DVASVSARAAPUNT! LEVTTPONVOT 


176 ATYGSTLSGDNHSRLI AGYGSNETAGNHSDLI 207. 


208 AGYGSTGTAGSDSWLY AGYGsTQTAGGDSALT AGYGSTOTAREGSNLT JSS: 
256 AGYGSTGTAGSDSSLI AGYGSTQTSGGDSSLT AGYGsTOT at 
304 AGYGSTGTAGSDSSLI AGYGsTOTSGGNSSLT AGYGSTC 
352 AGYGSTGTAGVDSSLI AGYGsTOTSGsDSALT AGYG 
400 AGYGSTGTAGSDSSLI AGYGsaTOTSGsDSsSLT. AGI 

448 AGYGSTGTAGVDSSLI AGYGsTOQTSGSsDSALT AG} 
496 AGYGSTGTAGADSSLI AGYGsTQTSGsESSLT AGYG 
544 AGRGSTGTAGADSRLT NGYGOTOPRGRESELT AĞ 


592 A 
608 TGYGETGTAGHESFIT. AGYGaTOTAGHK: 
656 AGYGSTGTAGSGSSLI AGYGSTOTÄSYRSML 
704 TGYGSTSTÄGÄNSSLI AGYGSTOTAGPKS 
752 AGYGSTSTAGYSsSLI AGYGsTQ 

800 TGYGSTSTAGYSSSLI. AGYGSTOTAGYESTL: 
843 TGYGSTSTAGYASSLI. AGYGSTOTAGYESTLT AGYC 
896 TGYGSTSTAGFASSLI SGYGSTOTAGYKSTLT AGYG 
944 AGYGSTATAGODSSLI i eo 
































360 AGYGSSLTSGIRSFLT AGYGSTLIAGLRSVLI AGYGSSLTSGVRSTLT : 
1008 AGYGsNQIASYGsSLI AGHESIQVAGNKSMLI AGKGSSQTAGFRsTLI.. 
1356 AGAGSVQLAGDRSRLI AGADSNOTAGDRSKLL AGNNSYLTAGDRSELT — 
1104 GGHDCTLMAGDQSRLT AGKNSVLTAGARSKLI GsEGSTLSAGEDSILI 


1152 FRLWDGKRYROLVARTSENGVEAD I PYYVNEDDO I VDK PDEDDOWIEVK 


AGYGSTGTAGSOSSLI AGYGSTQTSGSDSSLT AGYGSTQTAQEGSNLT 0 


TGYGSTSTAGYGSSLI AGYGSTQTAGYESTLT AGYGsTOTAQEGSSLT .\ > 


AGYGSTGTAGYGSSLI AGYGSTQTAGYGSSLT AGYGSTOTAQEGSSLT 
AGYGSTOTAGYGSSLT 


AGYGSTLT 


the temperature at which nucleation frequency rises above 
undetectable levels. We measured this temperature by slowly 
cooling replicate culture aliquots, each containing ~3 x 10° cells, 
and recording the temperatures at which the aliquots froze. The - 
method was reproducible to within 0.3 °C and we calculated the 
mean ‘highest nucleation point’ for each deletion. The results _ 
in Table 1 (first column) show that every deletion causes a 
reduction in nucleation temperature, but that most of the non- 
frameshift deletions retain detectable. activity. The amount of _ 
the reduction varies over a range of more than 8°. How are such 
reductions related to the nature of the mutations? Deletions | 
close to 4124 appear to give particularly severe deficiencies, but 
our sample of deletions is too diverse to permit conclusions 
about the importance of each level.of periodicity to ice 
nucleation. However, it can be concluded from the results that 
most individual parts of the repeating structure contribute quat 
titatively to ice nucleation, but are qualitatively inessential. (1 
does not imply that all such parts could be deleted sim 
taneously.) This property would be predicted for a structu 
which repeats individually perform identical functions as uni 
of a water-binding array. 
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©. Table1 Ice nucleation characteristics of the deletions 


$ = jinaman naen narea aanerer 


Highest 
nucleation Nucleation frequencies per cell 
Allele point —§.0°C ~8.0°C 






















































—3.7 1.1 x107 70x107? 
~4.0 10x10 7.0 x107? 
-54 NT 97x10 
~6.0 NT 1.4x107° 
~4,J 14x10’ 6.3x107° 
9.7 NT NT 
-7.9 NT NT 
-9,1 NT NT 
~10.0 NT NT 
-~§9 NT 6.7x107° 
<—~— 43.0 NT NT 
<—~13.0 NT NT 
<— 13.0 NT NT 
6.5 NT 8.01077 
-12.2 NT NT 
<~—13.0 NT NT 
<~13.0 NT NT 
<~13.0 NT NT 
<13.0 NT NT 


< We show the warmest temperatures at which ice nucleation is detect- 

‘able in populations of bacteria carrying the appropriate deletions, and 
also the frequencies of nuclei at ~5 °C and at —8 °C in these populations. 
NT, not tested. Methods. The deletion-containing plasmids (all deriva- 
“tives of pRLG12), present in the E. coli K-12 A frecA-sr1)303 strain 
~-JC10291, were grown to stationary phase in 5-ml L-broth cultures at 
94°C with aeration. Cultures were incubated at 4°C for 1h before 
testing. Frequency measurements were performed using 10-yl droplets 
. from a dilution series as described by Orser et al”. Temperature measure- 
-ments were performed after diluting 100 pl of culture into 10 ml distilled 
: water at 0°C; the dilutions were then cooled under observation and 
‘their nucleation temperatures recorded. 


A For the deletion alleles which retained activity at sufficiently 
= warm temperatures, we measured the nucleation frequency of 
cultures carrying the deletion plasmids at two different tem- 
- peratures, -5°C and —8 °C. While the wild-type gene shows a 
-frequency difference of about one order of magnitude between 
“the two temperatures, for the deletions the difference is sig- 
-nificantly larger; in some cases no activity is detectable at the 
warmer temperature whereas activity is relatively high at the 
-cooler temperature (Table 1). This indicates that the deletions 
cause a change in the shape of the temperature-frequency 
profile, rather than a uniform reduction in frequency at all 
temperatures. Changes of this nature are predicted if the number 
of water-binding arrays is not altered, but the size of each is 
reduced, by deletion of octapeptides. 

It has not escaped our attention that the 48-residue periodicity 
orresponds to a sixfold repetition of the octapeptide building 
ock. From this one can readily construct models with symmetry 
o match the hexagonal structure of ice. It will be interesting to 
mn whether the ice nucleating protein of hornet haemolymph’, 
‘hich has a quite different amino-acid composition, possesses 
imilar organization of repeated domains. 

We thank Steven Lindow and co-workers for stimulating 
iscussions and our colleagues for encouragement and help. 


eceived 12 June; accepted 5 August 1985. 


Schnell, R. C. & Vali, C. Nature 236, 163-165 (1972). 
‘Maki, L. R. et.al. Appl, Microbiol. 28, 456-459 (1974). 
‘Lindow, S. È., Arty, D. C, & Upper, C. D. Phytopathology 68, 523-527 (1978). 
4. Orser, C. er al in Molecular Genetics of the Bacteria-Plant Interaction (ed. Puebler, A.) 
353.364 (Springer, New York, 1983). 
3, Kozloff, L. M., Late, M. & Westaway, D. Science 226, 845-846 (1984). 
6 Duman, J. G. & Horwath, K. L. A. Rev. Physiol. 48, 261-270 {1983}. 
7. Vieira, J. & Messing, J. Gene 19, 259-268 {1982}. 
8. Maizel, J. M. & Lenk, R. P. Proc, natn, Acad. Sei. U.S.A, 78, 7665-7669 (1984). 
_ 9 Daman, J. G, Morris, J. P. & Castellino, F. J. J. comp. Physiol. B434, 79-83 (1984). 
10, Messing, J. & Vieira, J. Gene 19, 269-276 (1982). 
it. Winter, G. & Fields, S. D. Nucleic Acids Res, 8, 1965-1974 (1980). 
12. Sanger, F, Nicklen, $. & Coulson, A. R. Proc, natn. Acad. Sci. LLS. A. TA 5463-5467 (1977). 
13, Sanger, F. & Coulson, A. R. FEBS Lett. 87, 107-110 (1978). 





Autoregulation of tubulin — 


synthesis in enucleated cells 


Joan M. Caront, Albert L. Jones, Leslie B. Rall* 
& M. W. Kirschner? 


Intestinal Immunology Research Center, Cell Biology Section, 151E, _ 
Veterans Administration Medical Center, 4150 Clement Street, 

San Francisco, California 94121 and Departments of 

Medicine, Anatomy and + Biochemistry, University of California, 

San Francisco 94143, USA a 5 

* Chiron Research Laboratories, Chiron Corporation, Emeryville, 
California 94608, USA po 


i á , $ 


The effects on tubulin messenger RNA levels and tubulin protein T 
synthesis of treating cells with microtubule-depolymerizing drugs 
or directly microinjecting cells with tubulin have suggested that 


non-polymerized tubulin depresses its own synthesis'~*. The precise 
level of this control is unclear. It has been shown that enucleated 
cells, termed cytoplasts, retain many properties of the original 
cell, including maintenance of cell shape, pinocytic activity and 
locomotion® as well as biosynthetic activities such as protein syn- 
thesis” and replication of. cytoplasmic viruses". Furthermore, 
cytoplasts retain most of the components of the cytoskeleton 
including the centrioles*’. If cytoplasmic activities alone are 
responsible for regulating tubulin biosynthesis, cytoplasts should. 
contain the necessary components. To distinguish between regula- 
tion which would occur in the nucleus, that is, alterations in mRNA 
synthesis or modifications of the mRNA, from alterations in mRNA 
stability and/or translatability which would take place in the 
cytoplasm, we examined the autoregulation of tubulin synthesis 
in enucleated cells, Here, we report that enucleated mouse fibro- 
blasts retain the ability to turn off tubulin protein synthesis in 
response to microtubule depolymerization, the reduction in tubulin 
synthesis being accompanied by a corresponding decrease in 
tubulin mRNA levels. Thus, transcription, processing and transport 
of tubulin mRNA from the nucleus are not likely to be the loci 
of regulation. Instead, tubulin must reduce, either directly or 
indirectly, the translatability of its own mRNA. 

We first examined the effect of anti-microtubule drugs on the 
cytoplast cytoskeleton. Cytoplasts were prepared as described 
previously” from mouse L929 cells and found to be 98+ 2% free 
of nuclei, retaining the extensive microtubule arrays found in 
whole cells (Fig. 1A). Microtubules in cytoplasts and in whole 
cells responded similarly to colcemid and reassembled quickly 


after washing out the drug. Microtubule arrays in cytoplasts 4h - 


after enucleation were indistinguishable from microtubule pat- 
terns in 8-h cytoplasts, suggesting that enucleation did not have 
detrimental effects on the morphology of the microtubule cytos- 





keleton up to 8 h. Therefore, treatment of cytoplasts as well as . 


whole cells with colcemid for 4h should increase dramatically | 


the size of the non-polymerized tubulin pool. T 

We next examined the ability of cytoplasts to regulate tubulin | 
protein synthesis: Figure 2a shows an immunoprecipitate of- 
tubulin from prelabelled cytoplasts and cells and demonstrates — 
that addition of colcemid caused a-marked inhibition of tubulin | 


synthesis within 2.5 h. In fact, the response of cytoplasts was.. 
faster than that of whole cells (Fig. 2c). There was no change- 


in overall levels of protein synthesis when colcemid was added. 
In 5 experiments with cytoplasts at 4h after addition of col. 
cemid, tubulin synthesis was inhibited 72+ 10%, very similar to 








the inhibition found in whole cells (70+ 13% in 7 experiments). 
Gel electrophoresis of total cellular extracts from cytoplasts and — 
whole cells did not reveal any major differences in newly synthe- _ 


sized proteins (Fig. 26). 


However, unlike whole cells, cytoplasts did not recover the 
ability to synthesize tubulin protein after removing the micro- 
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| | Relative % Of 
Expt 1 density controls 
Cytoplasts 
CON-4 99 100 
oe COL-4 34 34 
D < CON-6. 5 100 100 
= o COL-4/REC-2.5 o 34 34 
N Whole cells (cytochalasin B) 
i í 100 100 
38 38 
CON-6.5 — 63 100 
COL4/ REC-2.5 76 121 
Whole ‘cells ieee 
» CON-4 84 100 
ee COL-4 | 46 55 
oe CON-6.5 100 100 
 COL-4/REC-2.5 65 65 
edd Expt 2 
_ Cytoplasts 
CONS 46 100 
oe K, COL-4 10 22 
o CON-8 ` 118 100 
COL-4/REC-4 14 12 
Whole cells (cytochalasin B) 
CON-4 75 100 
COL-4 20 27 
CON-8 120 100 
COL-4/REC-4 65 54 
Whole cells (centrifuged) 
CON-4 145 100 
COL-4 31 21 
CON-8 145 100 
COL-4/REC-4 110 76 


Siida iniiai an 
z Cytoplasts were prepared as described in Fig. 1 legend in duplicate 
sets to determine % inhibition after addition of colcemid (first set) and 
recovery. on removal of the drug (second set). Following a 15-min 
_..post-enucleation convalescence, half the samples in both sets were 
| treated with 12 uM colcemid. After 4h, tubulin synthesis was measured 
- in the first set of cytoplasts by short-term labelling with °°S-methionine 
and immunoprecipitation of tubulin as described in Fig. 2 legend. In 
these experiments, immunoprecipitation was performed with the p- 
tubulin polyclonal antibody used in Fig. 1. After 4h of incubation with 
. colcemid, cytoplasts from the second set were washed four times with 
< fresh medium and incubated for an additional 2.5 (expt 1) or 4h (expt 
<- 2) in the absence of colcemid before lysis and ` immunoprecipitation. 
. Control cytoplasts were washed along with cytoplasts which had been 
< preincubated with colcemid. Whole cells were treated identically to 
ae cytoplasts except in one case where centrifugation was omitted and in 
the other case where cytochalasin B was omitted. Tubulin synthesis in 
whole cells was measured as described in Fig. 2 legend. Autoradiographs 
of newly synthesized tubulin protein were scanned (relative density) 
nd values for controls (expt 1: CON-4, CON-6:5; expt 2: CON-4, 
'ON-8) were set at 100%. Relative. levels-of tubulin synthesis after 
treatment with colcemid for 4h (COL+4) and after recovery in fresh 
medium on removal of colcemid (expt 1: COL-4/REC-2.5; expt 2: 
( ‘OL-4/ REC-4) were determined. 










tubule-depolymerizing drug, even though microtubules were 
_. greatly reassembled (Fig. 1A). The results of two experiments 
-_ are shown in Table 1. For both experiments, cytoplasts were 
plated in duplicate sets, The first set was used to measure per 
cent inhibition of tubulin synthesis after treatment with colcemid 
for 4h. The second set was used to measure the ability of 
cytoplasts pretreated with colcemid for 4h to resume tubulin 
synthesis on removal of the drug. Consistent with results from 
Fig. 2, tubulin synthesis in cytoplasts was greatly reduced after 
incubation with colcemid (66 and 78% ). However, tubulin syn- 















formation ol the Microtubule ys (66 and 1R); Two controls 





able explanation for the failure of enucleated cells to re 


_ has been reported to cause an increase in actin mRNA levels’? 


thesis remained inhibited after removal of the drug and re- — protein in bacteriophage T4 (refs 14, 15) and 









were included to test the possibility that cytoplasts did: 
recover the ability to synthesize tubulin because of the conditi 
of the enucleation process. Whole cells were either incubat 
with cytochalasin B or centrifuged. Although there was se 
variability between the experiments, in both cases whole cells 
increased the rate of tubulin synthesis once colcemid w 
removed. It has been shown previously that tubulin synthes 
inhibition is accompanied by a decrease in the level of tu 
mRNA. Regulation of the mRNA levels could provide ar 

















































the tubulin inhibition. To examine this possibility we an 
the levels of æ- and B-tubulin mRNA. 

We found that incubation of cytoplasts with colcemid 
resulted in a 47 and 62% decrease in a- and B-tubulin 
levels, respectively (Table 2a). A similar reduction was 
in whole cells (47 and 37%). However, the level of tubi 
mRNA in cytoplasts remained low after removal of the di 
whereas the level in whole cells increased significantly. Data 
described in Table 2a further indicate that the combined levels 
of a- and -tubulin mRNAs in cytoplasts treated with colcemid 
for 4h is ~20% lower than that found in whole cells. This is 
probably caused by continued tubulin mRN A synthesis in whole 
cells after microtubule depolymerization'®'' compared with the 
inability of enucleated cells to synthesize RNA. 

A second experiment using Northern blot analysis confirmed : 
the finding that treatment of cytoplasts with colcemid to de- 
polymerize microtubules causes a reduction in tubulin mRNA | 
levels (Table 26). Treatment of transvected cells with colchicine - 


but we have not observed such an effect. As demonstrated in 
Table 2b, normalization of tubulin mRNA levels against ribo- 
somal RNA and actin mRNA gives very similar decreases, 68 
and 60%, respectively, i in tubulin mRNA levels. Furthermore, 
tubulin mRNA levels in cytoplasts remained depressed 4h after - 
removal of the drug (Table 2a). As the action of colcemid on 
microtubule physiology is rapidly and fully reversible, any puta- 
tive effects on actin are also likely to be reversed quickly. = : 

Finally, note that over a 6.5-8-h period after enucleation, we 
found no decrease in the level of tubulin synthesis in control 
cytoplasts (Table 1). However, our preliminary experiments’? 
indicate that the half-life of tubulin mRNA in mouse 3T6 fibro- 
blasts is ~6h. The same half-life for tubulin mRNA in mouse 
L929 cells has been reported’*, therefore one should expecta 
decrease in the level of this mRNA and thus a decrease in 
tubulin synthesis in the control cytoplasts by 8h post- 
enucleation. The fact that we did not see such a decline indicates 
that enucleation stabilizes mRNAs, as previously suggested by 
Bruno and Lucas’. It is interesting that in conditions that can 
stabilize RNAs in general, the level of tubulin mRNA can still 
be autoregulated by increasing soluble tubulin levels. | 

In conclusion, our results demonstrate that enucleated and 
whole cells respond very similarly to microtubule depolymeriz 
ation by inhibiting tubulin synthesis. The similarity of th 
responses indicates that all the necessary components for suc 
translational control reside in the cytoplasm. These result 
eliminate transcription, processing and transport’ of tubuli 
mRNA from the nucleus as major sites of regulation. In addition, 
microtubule depolymerization in enucleated and whole cell 
causes a decrease in the level of tubulin mRNA. However, th 
decreases in tubulin synthesis and mRNA levels could be two: 
separate events. It remains to be determined whether increasing 
concentrations of soluble tubulin cause inhibition of translation 
of the mRNA and that untranslated tubulin mRNA is unstable, 
or whether nonpolymerized tubulin causes degradation of its 
mRNA which in turn reduces the level of tubulin synthesis. 
Either mechanism implicates tubulin in a specific translational. 
control as the synthesis of other proteins proceeds normally 
in the presence of microtubule-depolymerizing drugs. Auto- 
regulatory mechanisms for translational control of gene 
expression have been well documented in two cases: 


proteins in Escherichia ni 7 and yeast'®, Interes 
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Fig. 1 Immunofluorescence micro- 
graphs of microtubules in cytoplasts 
(A) and whole cells ( B). a, Controls 
(not drug-treated) 4h after enu- 
cleation (A) or mock enucleation 


( B); b, treated with 12 uM colcemid 
’ for 4h; c, controls 8h after enu- 
ti cleation (A) or mock enucleation 
& (B), d, incubated with 12 uM col- 
q cemid for 4 h, washed four times with 


medium to remove the drug and 
E incubated with drug-free medium for 
4a 4h. 

Methods. An established cell line 
= of mouse L929 fibroblasts was 

maintained in monolayer culture 
in Dulbecco’s modified Eagle's 
be medium supplemented with 10% 
fetal calf serum, 100 ug ml™' penicil- 
lin and 100 pgml™' streptomycin. 
Cytoplasts were prepared as de- 
scribed previously’. Briefly, glass 
coverslips (1.25 cm) were treated with concentrated sulphuric acid for 60 min at 60 °C, washed extensively with distilled water, rinsed in ethanol 


“~~ 
> and air-dried. Coverslips were placed in Falcon 24-well tissue culture plates and sterilized by ultraviolet radiation. Cells were plated at a 
= density which resulted in ~80% confluency after 48 h in culture. Cytoplasts were prepared by placing coverslips cell-side down in sterile 15-ml 


Corex tubes containing 2m! medium with 10 ug ml"! cytochalasin B (Sigma). After 30 min at 37°C, 5% CO, cells were centrifuged at 
4 10,000 r.p.m. for 60 min at 37 °C using a Beckman J221 centrifuge and JS13 rotor. After enucleation, cells were placed cell-side up in 24-well 
7 plates, rinsed five times with medium to remove the cytochalasin B and placed in a 37°C, 5% CO, incubator for 15 min before initiation of 
ys experiments by addition of colcemid (Gibco). Although the rate of protein synthesis in cytoplasts was about fivefold lower than that of whole 
cells as reported by others”, we found no change in the rate of protein synthesis from 15 min to 8 h after enucleation. Furthermore, by 15 min 
post-enucleation, cytoplasts were well spread on coverslips, resembling the morphology of nucleated cells. Therefore, a 15-min recovery time 
was chosen. Nucleated cells (whole cells) were plated in the same conditions as cells to be enucleated and treated indentically except that 
incubation with cytochalasin B and centrifugation were omitted. To determine the per cent enucleation, putative cytoplasts were incubated 
with the nuclear stain Hoechst (described in ref. 9). In seven experiments 98 + 2% of the cells had lost their nuclei by this enucleation procedure. 
4 Indirect immunofluorescence with an affinity-purified polyclonal rabbit anti-B-tubulin antibody? and rhodamine-labelled goat anti-rabbit 
a antibody (Cappel) was performed as described by Karsenti ef al.” 
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Table 2 Comparison of a- and B-tubulin mRNA levels in cytoplasts and whole cells after treatment and recovery from colcemid and after 


Ar normalization against ribosomal RNA and actin mRNA 
R EEE al 
Relative density % Of controls 
) a a-Tubulin B-tubulin Actin a-Tubulin B-Tubulin 
{i Cytoplasts 

CON-4 145 120 119 100 100 
COL-4 70 41 109 53 38 

P CON-8 60 74 35 100 100 

-S COL-4/REC-4 75 62 75 59 39 

N Whole cells 

a CON-4 142 183 136 100 100 

> COL-4 85 130 156 53 63 

b CON-8 137 150 135 100 100 

3 COL-4/REC-4 113 132 135 82 88 
b a-Tubulin/ a-Tubulin/ 
Cytoplasts a-Tubulin Ribosomal Actin ribosomal actin 
CON-4 395 150 306 100 100 
COL-4 210 250 410 32 40 


Oo me 
zs The following procedure was used for large-scale preparation of cytoplasts required for analysis of tubulin mRNA levels. Plastic strips (2.4 x 6.4 cm) 
were cut from the bottom sides of Falcon tissue culture flasks with a vertical band saw, washed several times in double-distilled water, rinsed in 
ethanol, air-dried and sterilized by ultraviolet radiation. Cells were plated on the plastic strips and used 48 h later when ~80% confluent. Cytoplasts 
were prepared by placing two strips back to back per 50-ml Sorval plastic centrifuge tube containing 45 ml of medium with 10 pg ml”! cytochalasin 
B, and following the procedure described for Fig. 1. After enucleation, strips containing monolayers of cytoplasts were washed five times with 
phosphate-buffered saline (PBS) to remove cytochalasin B and allowed to recuperate in fresh medium at 37 °C, 5% CO, for 15 min before initiation 
of experiments by addition of colcemid. Cytoplasts were incubated in the presence and absence (controls) of 12 uM colcemid for 4h and RNA 
was purified as described previously’. Briefly, cytoplasts were washed once in PBS and lysed with 4.0 M guanidine thiocyanate, 50 mM Na-citrate, 
pH 7.0, 0.5% sodium N-lauryl sarcosinate, 0.5% 8-mercaptoethanol. Combining quadruplicate strips of cytoplasts gave a final volume of 2.7 ml. 
Lysates were centrifuged through 2.0 ml of 5.7 M caesium chloride, 0.1 M EDTA at 35,000 r.p.m., 25 °C for 16h. Pelleted RNA was dissolved in 
sterile water, concentrated by ethanol precipitation, redissolved in sterile water and stored at —70°C. The concentration of RNA was determined 


~ by Ajo. Alternatively, cytoplasts incubated in the presence and absence of 12 yM colcemid for 4h were washed four times with PBS and incubated 
, in fresh medium (no colcemid) for an additional 4h before isolation of RNA. Nucleated cells were plated in duplicate 100-mm dishes (Falcon) 
4 and treated identically to cytoplasts except that incubation with cytochalasin B and centrifugation were omitted. a, Dot-blot analysis of RNA (0.5, 
E 1.0, 2.0 4g) from cytoplasts and whole cells was performed as described previously’. a- And £-tubulin complementary DNA” inserts and -actin 
p cDNA" insert were labelled with °*P-dCTP by nick-translation (Cooper Biochemical), Autoradiographs were scanned (relative density) and levels 


of a- and B-tubulin mRNA were normalized to actin mRNA levels. Controls (CON-4, CON-8) were set at 100% and relative levels after treatment 
with colcemid for 4h (COL-4) and after recovery for 4h (COL-4/REC-4) were determined. b, RNA (3.5 pg) was electrophoresed in gels of 1% 
agarose and 2.2M formaldehyde”, transferred to nitrocellulose**, and hybridized with **P_labelled probes. Alternatively, to visualize ribosomal 
RNA, gels were stained with ethidium bromide. Band intensities after autoradiography or staining with ethidium bromide were determined by 
scanning densitometry. 
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Fig. 2 Effect of microtubule depolymerization on tubulin synthesis in cytoplasts and whole cells. a, Autoradiograph of newly synthesized — 
tubulin protein in cytoplasts and whole cells at several time points after addition of colcemid. b, Autoradiograph of newly synthesized proteins 
in cytoplasts and whole cells. c, Comparison of inhibition of tubulin synthesis in cytoplasts (triangles) and whole cells (circles) after incubation 9 
with colcemid. Band intensities of autoradiographs shown in a were measured by scanning densitometry using a Zenith soft laser scanning 
densitometer (LKB). The level of control cytoplasts and whole cells was set at 100% and relative levels at time points after addition of colcemid 
were determined. i 
Methods. Cells were cultured and enucleated as described for Fig. 1. Duplicate coverslips for each time point were processed. To measure 
tubulin synthesis at the same post-enucleation time in all samples (no drug, 1h, 2.5 h, 4h with colcemid), the following protocol was used. 
Following a 15-min recovery time after enucleation, colcemid was added to a final concentration of 12 M to the 4-h samples. After 1.5 h, 
colcemid was added to the 2.5-h samples. Medium was removed from all samples 1.5 h later and replaced with methionine-free medium with 
or without 12 uM colcemid containing **S-methionine (Amersham; ~7 mCi **S-methionine was dried down using a Savant Speedvac evaporator, 
redissolved in 100 ul methionine-free medium and used at a final concentration of 400 wCi per 175 ul per coverslip). Cytoplasts were incubated 
for 1h before the radioactive medium was replaced with 55! per coverslip of lysis buffer: 25 mM Tris-HCl, pH 7.4, 04M NaCl, 0.1% 
deoxycholate, 1% Nonidet P-40 and 0.5% SDS. Duplicates were combined at this point. Extracts were boiled for 5 min, spun at 12,000g for 
3 min and the supernatant transferred to a new microfuge tube. B-Mercaptoethanol was added to 0.1% and extracts were boiled foran __ 
additional 3 min. The amount of newly synthesized tubulin protein in the extracts was determined by immunoprecipitation (150,000 tri- 
chloroacetic acid-precipitable c.p.m. per extract) as described previously*** with B-tubulin monoclonal antibody (Amersham). Immunoprecipi- 
tated proteins were analysed by SDS-gel electrophoresis on one-dimensional polyacrylamide gels*’ and fluorographed with En*Hance (NEN), 
dried and autoradiographed using Kodak X-Omat AR X-ray film at —70°C. Whole cells were treated identically to cytoplasts except that 
extracts were made with 220 yl lysis buffer before combining duplicates. The larger volume of lysis buffer used with whole cells was chosen 

to make it easier to discard DNA in the extracts as its presence greatly increased background during immunoprecipitation. 
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since Chatt and co-workers first reported that the protolysis of 
he dinitrogen complex cis-[W(N2).(PMe,Ph),] gives ammonia’, 


| H* 
cis-[W(N2)2(PMezPh),] —> 
| 2NH, + N, + degradation products (1) 


there has existed the engaging possibility that a cyclic conversion 
f molecular nitrogen to ammonia might be achieved at room 
temperature and pressure using mediators possessing an {MP,}- 
core, M = Mo or W. As a means of circumventing oxidative degra- 
dation of the core, coupling protonation with electronation is 
clearly attractive’. We describe here a system in which this has 
been achieved for the first time and which forms the basis of an 
ammonia producing cycle, scheme I in Fig. 1. 

_ The dinitrogen complex trans-[W(N,)2 (Ph2PCH,CH;PPh,),] 
reacts with tosylic acid p-CH,C,H,SO,H - H20, TsOH - H,0, in 
tetrahydrofuran (thf) to give the hydrazido(2-)-cation, trans- 
- [WE NNH,)TsO(Ph,PCH,CH,PPh,),]"(A) (see scheme I, reac- 
tion (i) in Fig. 1). The cation, A, was isolated and characterized 
as its TsO” and BPh; salts. 

_ Controlled-potential electrolysis of A in thf-0.2 M[NBu,]- 
_[BF,] saturated with gaseous dinitrogen (1 atm.), at a mercury- 
pool cathode (Eyooieq = —2.6 V versus ferrocinium/ferrocene, 
_Fe'/Fe), consumes 2 mol electrons per mol A, and gives free 
NH, (0.22-0.24 mol per mol A) and N2H, (0.01-0.02 mol per 
mol A) with the regeneration of the parent dinitrogen complex 
(0.85-0.95 mol per mol A; scheme I{(ii)). Electrolysis on 
platinum cathodes gives substantially lower yields of the 
_ dinitrogen complex (0.6-0.7 mol per mol A). 

_ Ammonia was identified and estimated by the indophenol 
test, its origination from A was established by electrolysis of 
the hydrazido (2-)-complex labelled with ' N and the subsequent 
_ detection of free "NH, in the catholyte by ÎN nuclear magnetic 
resonance (NMR) (8 = —315 parts per million (p.p.m.) relative 
to nitromethane). Electrolysis of A in thf containing 0.2M 
LiClO, at a mercury-pool cathode gave NH, (0.21 mol per mol 
A) and N H, (0.035 mol per mol A). 

-Following exhaustive electrolysis on mercury, trans- 
[WEN,)2(Ph,PCH,CH,PPh,),] was the only phosphorus- 
ntaining product (singlet, 6 = —94.8 p.p.m. against trimethyl- 
phosphite), and quantitative cyclic voltammetry was employed 
to determine the yield. 

The global stoichiometry of the reduction is best represented 
equation (2) in Table 1. This can be readily understood in 








‘Scheme I 


(i) 

TsOH-H,0 
(WON) g] NEL) TSO] 
thf t ~N, 


+ 







No. thf-electrolyte 
Hg~pool cathode, ~2.6V 


$ 
versus Fo /Fe 


Scheme II 
(w Vin Tso] ————> WT n) + Tso” 


twit (NNB) + BÝ ———» (w?%en)* + NH, 


Fig. 1 Scheme I shows a basis for an ammonia-producing cycle 

and scheme II shows the reductive steps involved in cleavage of 

the W-OTs bond of A. W is trans-{W(Ph,PCH,CH,PPh,),}; H* 
is derived from A. 


terms of a series `of electron- and proton-transfer reactions — 
encompassed by the partial stoichiometries represented by 
equations (3)-(10) (Table 1). The partial stoichiometries are 
supported by the following experimental data. 

Figure 2 shows the yield of NH; as a dimensionless function 
of the charge passed q (mol electrons per mol A). The yield of 
NH; reaches a plateau, dNH;/dq=0, near q=3/4. In the 
NH;-forming stage, dNH;/dq is 1/3. *'P['H]-NMR spectro- 
scopy and cyclic voltammetry show that ~dA/dq is 4/3 and 
that A>0 as q>3/4. Thus no NH; is formed after q = 3/4, 
when A is exhausted. The maximum theoretical yield of NH3, 
0.25 mol per mol A, is in reasonable accord with the experimental 
yields. 

Besides functioning as the primary electroactive species, A 
also serves as a proton source in the electrolysis. As with other 
related hydrazido (2-) complexes we find that A is deprotonated 
by bases’, including NH. Thus when the catholyte is purged 
continuously with a stream of dinitrogen and the issuing gas 
passed through an acid-trap (0.1 M aqueous HCI), then little 
NHj is detectable in the trap before the discharge of A; it 
remains in the catholyte (compare equation (5) in Table 1). The. 
converse is true at the end of electrolysis, NH, is purged into 
the trap as the intrinsic acidity of the catholyte falls. 

Ramp-clamp voltammetry on a solution of A shows that 
intermediates are produced which have oxidation potentials — 
appropriate to trans-[W(N,H)TsO(Ph,PCH,CH,PPh,).] and. 


Table 1 The reactions involved in the electrosynthesis 





be + TsOW'YNNH# +7H* +N, -» 2NHi + TsOW"N,H 
: . 1 TsOW'YNNH3 = H* +TsOW'N3H 


be + 8TsOW'YNNH; — 2NH; + 8TsOW''N2H 


: i TsOW"N,H + thf = TsO + (thf)W"'N,H* 
| (thf) W"NjH* = H* + (thf)W°(N2) 
(thf}W°(N,) + N, st (Na) W (Na) + thf 
NHj = NH, + H* 
e+H* == H- 


l6e+8TsOW'’ NNH? +9N, — 2NH,+8W(N2).+8TsO™ + 5(H;) 


dNH,/dq = 1/3 gps 


dNH,/dA = 1/4, -dA/dq =4.3;, A0 
dNH;/dq->0 when q 3/4 


Intermediates detected 





cell current>0 as q>2 {2) 


W is trans-{W(Ph,PCH,CH,PPh,),}. 
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Fig.2 The yield of NH; as a dimensionless function of the charge 
passed, q Solid lines represent theoretical yields. 


unstable trans-[ W(N,)(thf)(Ph,PCH,CH,PPh,).] (ref. 4). These 
same intermediates are generated when A is treated with a base 
in thf under argon. Under dinitrogen the thf intermediate is 
suppressed and complete deprotonation gives trans- 
[WCN,).(Ph,.PCH,CH,PPh,),] quantitatively. A major inter- 
mediate is detected during the course of the electrolysis by 
*1P{'H}-NMR and N-NMR spectroscopy and by cyclic vol- 
tammetry. The spectral data and the oxidation potential of this 
intermediate suggest that it is the cationic diazenido complex 
trans-[W(N2H)(thf)(Ph,PCH,CH,PPh,).]*. This species pre- 
sumably arises by dissociation of TsO” from the diazenido 
intermediate or by protonation of trans-[W(N,)(thf)- 

(Ph PCH CH2PPh3)2] by A as it migrates from the Nz- and 
proton-deficient diffusion layer into the bulk of the solution. 

In the final phase of electrolysis the system is driven 
towards the products, free NH; and _ trans-[W(N.)2- 
(Ph,PCH,CH,PPh,).], by removal of -protons. Electrolysis of 
*H-labelled A, trans-[W(NND.)TsO(Ph,PCH,CH,PPh,)2]* 
gave no D, HD or H, which could be detected in the gas phase 
above the catholyte by mass spectroscopy. The absence of dihy- 
drogen formation in non-aqueous media is not unfamiliar; for 
example, Holm and co-workers have shown that the cluster 
[Fe,S,(SPh),]° reacts in non-aqueous solvents with weak acids 
to give [Fe,S,(SPh),]’" quantitatively, but no H, was detectable: 
the fate of H is unknown’. In our system reduction of protonated 
thf could give rise to products other than dihydrogen: gas-liquid 
chromatography-mass spectroscopy of the catholyte shows that 
ethyloxirane and 1-methoxypropene are formed during the elec- 
trolysis, presumably as products of skeletal rearrangement of 
tetrahydrofuranyl radicals. 

Whilst equations (3)-(10) (Table 1) account reasonably well 
for the gross features of the electrosynthesis, the crucial question 
is, how is electronation coupled to the protonation? 

Cyclic voltammetry, repetitive-sweep open-circuit voltam- 
metry and potential-step experiments show that the primary 
reductive step involves the cleavage of the W-OTs bond of A 
and that this produces a highly reactive intermediate 
[WUNNH,(Ph,PCH,CH>PPh,),] (Fig. 3, and scheme II, Fig. 
1). Notably we find that the peak-amount ratio i>*/ me decreases 
with increasing concentrations of A, and this is consistent with 
the sacrificial attack by A on the electrogenerated intermediate’. 

‘Stable species trans-[M'™NNR.(Ph,PCH,CH,PPh,).] (R2= 
-~CH,(CH,),;CH,-) can be generated by controlled-potential 
reduction of organohydrazido(2-) analogues of A under argon 
or by their reduction with LiBu' (ref. 7). They are attacked by 
protic acids and give imido complexes and dialkylammonium 
salts®. An analogous pathway probably accounts for formation 
of part of the ammonia produced in the electrosynthesis (scheme 
II in Fig. 1). It is not unreasonable that the remainder arises by 
reduction and protonation .of a:{W'Y NH} intermediate in a like 
fashion. 
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Fig.3 Generation and detection of WNNH, Scan rate 0.2 Vs"! 
at vitreous carbon electrode in 0.2 M[NBu,][BF,]. [A] is 1 mM. 


The formation of small (0.01-0.02 mol per mol A) but 
nevertheless significant amounts of hydrazine occurs in the 
electrolyses; hydrazine is usually produced to a greater or lesser 
extent in all protolysis reactions of dinitrogen complexes which 
give NH; (ref. 3). 

Three successive electrolysis-protonation cycles, performed 
on a single catholyte, established that the cyclic conversion 
of dinitrogen to ammonia can be achieved in one vessel, the 
cathode compartment of the electrolysis cell. Following the 
two-electron reduction of A, the product trans- 
[W(N,)2(Ph,PCH,CH,PPh,).] was protonated in situ by 
stoichiometric addition of TsOH : H,O, thus regenerating A. The 


resulting catholyte was again electrolysed and the protonation- 


electrolysis cycle repeated once more. The yield of NH, after 
the three cycles (six electrons) was 0.73 mol per mol A and of 
N2H, 0.01 mol per mol A. 

The conversion of molecular nitrogen to ammonia at ambient 
temperature and pressure by a sequence of protonation-elec- 
tronation steps which involve a well-defined and conserved 
mononuclear core is unique. The sequence provides a chemical 
precedent for the hypothesis of Chatt’ and the sophisticated 
model of Lowe and Thorneley’ which propose that biological 
nitrogen fixation involves successive protonation/electronation 
reactions of dinitrogen ligating an enzyme-bound transition- 
metal centre: such an enzyme centre need undergo only minimal 
reorganization to effect all the steps in the fixation cycle. 

Further work on the electrosynthetic system might provide 
the basis for the development of a small-scale ammonia- 
producing cell. Such a cell may be of agricultural value, par- 
ticularly where solar-energy collection is possible. The con- 
straints which need be met in the design of such a cell include 
protection against dioxygen, a continuous supply of protons 
and avoidance of unproductive electronation steps (compare 
equations (6)-(10); Table 1). Whilst such constraints are 
demanding, they are not insurmountable, and they parallel those 
which biological nitrogen fixation has successfully overcome. 
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chromatography-mass spectroscopy studies and R. A. Jackson 
for valuable discussion. We also thank the Royal Society for 
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The Space Business: The Exploitation of Space — 
How Much, How Far, How Probable? By PETER 
MARSH. Penguin 1985. Pp.232. ISBN 0-14- 
022517-X £3 95. 

The X-Ray Universe: The Quest for Cosmic Fire — 
from Black Holes to Intergalactic Space. By WAL- 
LACE TUCKER and RICCARDO GIACCONI. 
Harvard University Press 1985. Pp 201 ISBN 0-674- 
96285-0 £18 25, 
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Atomic Physics, Vol. 9. ROVERT S. VAN DYCK 
Jr and E. NORVAL FORTSON (eds). World Seren- 
tific. 1984 Pp 557. ISBN 9971-966~80-8 £59 80. 

Brownian Motion and Stochastic Flow Systems. By 
J MICHAEL HARRISON Wiley. 1985. Pp 140 
ISBN 0-471-81939-5. £36.95. 

Coherent States: Applications in Physics and Mathe- 
matical Physics. By JOHN R. KLAUDER and BO- 
STURE SKAGERSTAM. World Scientific 1985. 
Pp 911. ISBN 9971~966-53-0 Np. 

Defects and Defect Processes in Nonmetallic Solids. 
By W. HAYES and A.M. STONEHAM. Wiley 1985, 
Pp 472 ISBN 0-471-89791-4. £54.30. 

Dynamic Light Scattering: Applications of Photon 
Correlation Spectroscopy. ROBERT PECORA 
(ed.). Plenum. 1985. Pp 420. ISBN 0-306-41790-1. 
Np 

Electromagnetic Waves. By E.R. DOBBS. Rout- 
ledge & Kegan Paul: 1985. Pp.145 ISBN 0-7102~ 
0506-6. Pbk £4.50 

The Encyclopedia of Physics, 3rd Edn. ROBERT 
M. BESANCON (ed ). Van Nostrand Reinhold Com- 
pany, 135 West 50th Street, New York 10020, 
USA.1985. Pp. 1378. ISBN 0-442--25778-3 £150 

Fundamental Problems in Heavy-on Collisions. N. 
CINDRO, W. CREINER and R CAPLAR (eds) 
World Scientific, 1985 Pp 568. ISBN 9971-978-16-4. 
£71.30. 

Gas Flow and Chemical Lasers. MICHELE 
ONORATO (ed.). Plenum- 1984 Pp.773 ISBN 0- 
306-41478-3. Np 

General Relativity: An Introduction to the Theory of 
the Gravitational Field. By HANS STEPHANI Cam- 
bridge University Press: 1985. Pp.298. ISBN 0-521- 
315344, $24 95 £13.95. 

International Review of Nuclear Physics, Vol. 1. 
Quarks and Nuclel. W, WEISE (ed.) World Seien- 
tific: 1984 Pp.700. ISBN 9971-966-62~X £32.20. 

International School for Advanced Studies Lecture 
Series No. 2: Grand Unification With and Without 
. Supersymmetry and Cosmological Implications By 
C KOUNNAS et al. World Scientific: 1984 Pp.425, 
ISBN 9971-966-39-5. £20.70. 

An Introduction to the Theory of Smooth Dynamical 
Systems. By WIESLAW SZLENK. Wiley: 1984. Pp. 
369. ISBN 0-471~90117-2. £29 50. 

Liquids and Solids. By M.T. SPRACKLING. Rout- 
ledge and Kegan Paul: 1985. Pp 237. ISBN 0-7102- 
0484-1 £5.50 
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Molecular Luminescence Spectroscopy: Methods 
and Applications, Part 1. STEPHEN G. SCHUL- 
MAN (ed.). Wiley: 1985 Pp.826. ISBN 0471-86848- 
5. £98.25 

Nuclear Magnetic Resonance of Liquid Crystals. 
J.W. EMSLEY (ed.) D Reidel: 1985. Pp.572. ISBN 
90-277-1878-4. Dfl 205, $76, £52.25 

Proceedings of the Yukon Advanced Study Institute: 
The Quark Structure of Matter. N. ISGUR, G. 
KARL and P J. O'DONNELL (eds). World Scien- 
tific’ 1985. Pp.366. ISBN 9971-978-30-~-X,, Np. 

Regular and Chaotic Motions in Dynamic Systems. 
G. VELO and AS WIGHTMAN (eds) Plenum 
1985. Pp.310. ISBN 0-306-41896-7. Np 
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European Security: Nuclear or Conventional De- 
fence? MICHAEL DE PERROT (ed.). Pergamon: 
1984 Pp.352. Phk ISBN 0-08-031-3221-0 Pbk £26 25, 
$42. 

The Fifth Generation: An Annotated Bibliography. 
By MAX and DAWN BRAMER., Addison-Wesley: 
1984 Pp.119. Pbk ISBN 0-201-14427-1. Pbk £9.95. 

Finite Groups of Lie Type: Conjugacy Classes and 
Complex Characters. By ROGER W. CARTER. 
Wiley: 1985 Pp.544, ISBN 0-471-90554-2. £42 50. 

Fitting Contact Lenses. By SUSAN KAYE COG- 
GER. Raven: 1984, Pp 135. Pbk ISBN 0-88167-042-1. 
Pbk $14 50 

Flavor Mixing in Weak Interactions. LING-LIE 
CHAU (ed.) Plenum 1984. Pp.803 ISBN 0-306- 
41895-9 Np 

Food Analysis: Principles and Techniques. DIE- 


“TER W GRUENWEDEL and JOHN R. WHITAK- 


ER (eds) Dekker: 1984 Pp.544. ISBN 0-8247-7182-6 
$89 75. 

Global Energy Assessment and Outlook. B.N. 
KURSUNOGLY, A PERLMUTTER & L SCOTT 
(eds). Gordon & Breach. 1984 Pp 580 ISBN 3- 
7186-0224-5 $170. 

Goal-Directed Behaviour. By MICHAEL WEIR 
Gordon & Breach 1984. Pp.289 ISBN 0-677-06570- 
1 $61.95 

Group Therapy: Essays for Philip Hall. K.W 
GRUENBERG and JE ROSEBLADE (eds) 
Academic: 1985 Pp.353. ISBN 0-12-304880-X 365, 
£45. 

Health Consequences of Acute and Chronic Mari- 
huana Use. By MADELAINE O, MAYKUT Perga- 
mon` 1984. Pp.328. ISBN 0-08-031984-X £18, $28. 
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ALLEN LACY. Faber and Faber: 1985. Pp 259 
ISBN 0-374-17254-4. $14 95, £11 95 

Hydrometallurgical Process Fundamentals. RE- 
NATO G BAUTISTA (ed.) Plenum 1984 Pp 665. 
ISBN 0-306-41880-0 Np. 

IBN Al-Haytham’s Completion of the Conics. By 
J.P. HOGENDIJK Springer: 1985 Pp.417 ISBN 
3-540-96013-9 DM328. 

PH Take Tomorrow. By MARY GOHLKE. Evans 
1985. Pp 204. ISBN 0-87131-458-4. $12 95. 

In Defence of Animals. PETER SINGER (ed.). 
Basıl Blackwell 1985 Pp 224. Pbk ISBN 0-631- 
13896-X Hbk £15; pbk £4 95. 

Instant Chess. By DAVID LEVY and KEVIN 
O'CONNELL. Pergamon 1984 Pp.76 Pbk 0-08- 
024121-2 Pbk £3 95, $6 35 

Intercomparison of Stratospheric Data. A GHAZI 
and R.T WATSON (eds). Permagon Press. 1985 
Pp 147. ISBN 0-08-032734-6 $49.50, £31 00 

Intimations of Reality: Critical Realism in Science 
and Religion. By ARTHUR PEACOCKE Harper & 
Row 1985 Pp 94, Pbk ISBN 0-268-01156-7 Pbk £4.75, 

Lake Biwa. SHOJI HORIE (ed) Dr W Junk. 
1984. Pp.654 ISBN 90-6193-095-2. $145, £88.95. 
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B STROZIER and DANIEL OFFER (eds) Plenum. 
1985. Pp 324 ISBN 0-306-41784-7 Np. : 
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Technology in Patient Care. STANLEY JOEL REIS- 
ER and MICHAEL ANBAR (eds) Cambridge Uni- 
versity Press. 1984 Pp.363 Hbk ISBN 0-521-26718-8; 
pbk ISBN 0-521-31832-7 Hbk £30; pbk £9.95 

Managing Spatial Conflict: The Planning System in 
Switzerland. By P GRESCH and B. SMITH Perma- 
gon Press 1985, Pp.251 ISBN 0-08-032731-1. $20, 
£12 50 
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Materials Sciences in Space. A BEWERSDORFF 
(ed ) Permagon Press 1985. Pp 109 ISBN 0-08. 
032733-8. $49 50, £31.00. 

Modern High Temperature Science. JOHN L 
MARGRAVE ({ed.) Humana. 1984 Pp 462 ISBN 
0-69606-072-5 £95, í 

Modular Forms, R A RANKIN (ed ) Elhs Hor. 
wood 1984. Pp.272 ISBN 0-85312-669-0 £25. 

The Mountains of Wales: A Walker’s Guide to the 
600-metre Summits. By TERRY MARSH. Hodder & 
Stoughton. 1985 Pp 256. Pbk ISBN 0-340-34827-5 
Pbk £6 95. 

Perspectives in Ethology. P.P G BATESON anc 
PETER H. KLOPFER (eds) Plenum 1985 Pp.309 
ISBN 0-306-41846-0 Np. 

Photography for the Scientist. RICHARD A 
MORTON (ed ) Acadentc 1985. Pp 542 ISBN 0-12- 
508370-X $98, £76. 

Play the French. By JOHN L WATSON Perga 
mon 1984 Pp.2i2 Pbk ISBN 0-08-026929-X. Pbh 
£5 95, $9.50. 

Proceedings of the First International Muskox Sym- 
posium. DAVID R KLEIN, ROBERT G. WHITE 
and SUE KELLER (eds). Institute of Arciuc Biology, 
University of Alaska, Fairbanks, AK 1984. Pp 218. 
Pbk $20 

The Professional Practice of Nursing Administra. 
tion. By LILLIAN M. SIMMS, SYLVIA A PRICE 
and NAOMIE ERVIN Wiley 1985 Pp 379 ISBN 
0-471-08247-3. £25.25. 

Progress in Artificial Intelligence. I. STEELS anc 
J.A. CAMPBELL (eds) Ellis Horwood: 1985 
Pp 320 ISBN 0-85312-830-8. £28.50 

Quaternary Science Reviews, Vol. 2. DQ. 
BOWEN Pergamon: 1984. Pp 327 ISBN 0-08. 
031736-7 £60, $96 

Radiation in a Cloudy Atmosphere. By E.M. 
FEIGELSON Reidel. 1984 Pp 293 ISBN 90-277- 
1803-2 Np 

Recent Advances in the Aerospace Sciences: In Hon- 
or of Luigig Crocco on His Seventy-Fifth Birthday. 
CORRADO CASCI (ed.). Plenum. 1985 Pp 424. 
ISBN 0-306-41079-6. Np 

Receptors: A Quantitative Approach. By ALEX. 
ANDER LEVITZKI. Benjamin/Cummuings: 1984. 
Pp 142. ISBN 0-8053-6410-2. $21 95 

Research and Development in Expert Systems 
M.A BRAMER (ed.) Cambridge Universtuy Press 
1985 Pp.228. ISBN 0-521-30652-3 Np 

Resolving Development Disputes Through Negotia 
tions. By TIMOTHY J SULLIVAN, Plenum: 1984. 
Pp.222 ISBN 0-306-41658-1. Np. 

Richard Jefferies: A Modern Appraisal. By EDNA 
MANNING. Gaby Goldscheider, 29 Temple Road, 
Windsor, England 1985. Pp 162 Pbk ISBN 0. 
9505725-6. Pbk £4 95. 

The Secret of Life: Perspectivism in Science. By 
JERRY I JACOBSON Philosophical Library, 20¢ 
West 57th Street, New York 10019: 1983 Pp.121. ISBN 
0-8022-2400-8. $10 

The Soft Machine: Cybernetic Fiction. By DAVIE 
PORUSH. Methuen. 1985. Pp.244 Pbk ISBN 0-416. 
37870-6 Pbk £6 95. 

Soils and Their Use in Eastern England. By C.A.H 
HODGE et al. Soil Survey of England and Wales, 
Harpenden, Herts, England: 1985. Pp 450. ISBN 0. 
7084-0297-6 Np. i 

Spot Test Analysis: Clinical Environmental, Fore- 
nsic and Geochemical Applications. By ERVIN JUNG. 
REIS. Wiley 1985 Pp.315 ISBN 0-471-86524-9 £76 

Statistical Methods in Food and Consumer Re 
search. By MAXIMO C. GACULA and JAGBIR 
SINGH Academic: 1984 Pp 505. ISBN 0-12-272050. 
4 $79.50, £61 : 

The Surveillant Science: Remote Sensing of the En 
vironment, 2nd Edn. by ROBERT K HOLZ. Wiley. 
1985. Pp.413. Pbk ISBN 0-471-08638-X. £21.95. 

The Teaching Nursing Home: A New Approach tc 
Geriatric Research, Education and Clinical Care. ED. 
WARD L SCHNEIDER et al (eds). Raven. 1985. 
Pp 383 Pbk ISBN 0-88167-061-8. Hbk $58.50, pbl 
$35. 

The Theory of Dynamical Systems and Its Applica 
tions to Nonlinear Problems. HIROSHI KAWAKA. 
MI (ed }) World Scientific. 1984. Pp 244 ISBN 9971. 
966-93-X £38 45. 

When the Mind Hears: A History of the Deaf. B: 
HARLAN LANE. Random House 1984, Pp.537 
ISBN 0-394-50878-5 $24 95. 
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Recent developments on the neuroscience market include a range of receptor markers, two stimulators 


and a catecholamine assay. 


è A range of specific tools for the loca- 
lization and quantification of receptors in 
neurobiochemical research is available 
from Janssen Life Sciences Products Divi- 
sion. Serotonin (5-HT) sites can be effi- 
ciently identified with compounds R5260 
and R5573, and Janssen claims the sensi- 
tivity of these two compounds is greater 
than any previously available. Compound 
R16470, the (+)-isomer of benzetimide, 
binds effectively to muscarinic receptors 
and is a good reference drug for research 


Muscarine receptors 
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Spirodecanone side blockers 


A 5260 R 5573 


involving the anticholinergic or muscar- 
inic actions of drugs. Other reagents are 
shown in the figure above, and further 
details of Janssen’s range for the neuro- 
biochemist can be-obtained through the 
reader service card. 

Reader Service No. 100. 

è A novel new way of determining radio- 
activity on autoradiograms has been de- 
veloped by American Radiolabelled 
Chemicals, Inc. The new plastic standards 
contain carbon-14 and tritium in a wide 
range of radioactivities. These standards 
are mounted on microscope glass slides or 
coverslips. The standards are inexpensive 
($33-$50 per set of sixteen standards) and 
can be used for quantitative autoradio- 
graphy using carbon-14, tritium or iodine- 
125. For more details visit booth E-13 at 
the Neuroscience Meeting in Dallas. 
Reader Service No. 101. 

@ An eight-channel computer-based sti- 
mulator has been developed by Dagan 
Corporation for use in electrophysiologic- 
al and psychological research applica- 
tions. The 9200 Omni-Pulse stimulator 
can be used alone to provide complex tim- 
ing controls or it may be used in conjunc- 


These notes are based on information provided 
by the manufacturers. To obtain further details 


about these products use the reader service card 
bound inside the journal. 
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Dagan’s Omni-Pulse stimulator. 


tion with the 9250 stimulus isolation unit 
to control amplitude levels. All para- 
meters may be preprogrammed and indi- 
vidual channels may be independently 
altered. The Omni-Pulse is capable of in- 
crementing and discriminating single 
pulses or complex trains as well as con- 
trolling the voltage and current levels of 
the isolators. 

Reader Service No. 102. 

è The Model D180 cortical stimulator, 
now available from Digitimer, meets the 
requirements for electrically stimulating 
the human central nervous system by 
means of externally placed surface elec- 
trodes. The design is based on techniques 
developed at the National Hospital for 
Nervous Diseases, Queen Square, Lon- 
don. Externally applied electrodes con- 
nected to any ordinary electrical stimula- 
tor can give significant information about 
peripheral nerve disorders. Until recent- 
ly, attempts to stimulate the central ner- 
vous system through the bony structure of 
the skull or spinal column in an effort to 
record at peripheral nerve sites have been 
unsuccessful due to unacceptable levels of 
pain induced in the subjects. The D180 
cortical stimulator overcomes this prob- 
lem by applying extremely short duration, 
high energy pulses. This produces activa- 
tion of the motor nerve pathways beneath 
the bony layer without undue stimulation 
of the slower acting pain receptors in the 
surface skin layer. 
Reader Service No. 103. 





The Digitimer stimulator. 

è Kwik-Fil borosilicate glass capillaries 
for the production of micropipette elec- 
trodes are made from high quality glass 
stock and are made to close dimensional 
tolerances to assure uniformity and repro- 
ducibility of microelectrodes. The capil- 


lary microelectrodes have a filament fused 
to the inner wall to facilitate capillary fill- 
ing. Kwik-Fil capillaries, manufactured by 
World Precision Instruments, are avail- 
able from stock in 1.0, 1.2, 1.5 and 2.0mm 
outer diameters and in one, two three, five 
and seven barrel configurations. Also 
offered are thin wall and theta style glass 
capillaries. 

Reader Service No. 104. 





Kwik-Fil capillaries from WPI. 


© The Microlink Transient Capture Sys- 
tem from Biodata is a hardware and soft- 
ware approach to waveform capture, stor- 
age and processing. It is designed for the 
measurement of fast events such as vibra- 
tions, oscillations and compressions. The 
system uses standard microcomputers (in- 
cluding the IBM PC or Apricot) and the 
modular Microlink hardware allows the 
capture of a practically unlimited number 
of waveforms, either simultaneously or in- 
dependently. Capable also of split time- 
base transient capture and a variety of 
triggering options, the instrumentation 
offers 12-bit analog-to-digital conversion 
at rates of up to 50,000 samples per second 
per channel. Memory sizes of 4, 8 or 16K 
samples per channel are available, to- 
gether with easy-to-use software. 

Reader Service No. 105. 
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Automatic Tracking 
Track that rat, insect, fish, limb, 
vehicle, crack, etc. 

Tracking unit accepts input from video 
camera or recorder, and outputs the location 
ofa high-contrast object in the TV image. 


Can be interfaced to Apple II, BBC, etc. 
HVS IMAGE ANALYSING LTD, 
22 Cromwell Road, Kingston, 
Surrey, England KT2 6RE 
Tel: 01-546 9090 





Reader Service No.25 
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m Full custom synthesis 
service 

m Personalized technical 
support 

m Fast response 
& delivery 
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è A new high performance liquid chro- 
matography (HPLC) system for the analy- 
sis of catecholamines in plasma has been 
introduced by the Waters Chromatogra- 
phy Division of Millipore. The Waters 
Catecholamine System provides HPLC 


available analysis of adrenaline, noradrenaline and 
dopamine at the low levels typically found 

i Complete analysis in plasma. The system features elec- 
na . trochemical detection, programmable sol- 

prov ided vent delivery, automated sample proces- 


4 Conjugation to carrier sing and versatile data reduction. The 15- 


proteins 
m Sequence integrity 
guaranteed 


Waters’ catecholamine analysis system. 


minute analysis uses proven methodology 
and the Waters Resolve C,, column for 
separation. Central to the system is the 
Waters 460 detector of high thermal mass 
to reduce baseline noise due to tempera- 
ture change and a low 2.4ul internal 
volume to minimize peak bandspread. 
Reader Service No. 106. 
®The S70S0A whole cell/ 
patch clamp module, 
part of World Precision 
Instruments’ new S7000A 
microelectrode system, 
is capable of voltage, cur- 
rent and “patch” clamp- 
ing single cells. Specially 
developed circuitry al- 
lows voltage or current 
to be monitored at the 
electrode using one of 
three high input impe- 
dance probes, encom- : 
passing a range of sensitivities and c cur- 
rents. In addition, the “patch” clamp 
mode can be used to perform micropolar- 
ography with a current resolution as low as 
| picoampere. This allows measurements 
in vivo on redox species, such as neuro- 
transmitters or dissolved oxygen. 

Reader Service No. 107. 











Unpurified 28-residue peptide 


Call toll-free 
(800) 227-2624 


In California 
(415) 459-3907 





ANEW BRUNSWICK SC ENTEK COMPANY 
P 


The leader in synthesis technology 


BIOSEARCH, Inc., 
2980 Kerner Blvd., 
San Rafael, CA 94901 USA 
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The Radial maze from Columbus Instruments of Ohio. 


è The Columbus Instruments “Radial” 
maze is intended for measurements of 
animal activity in a maze environment. 
The maze is made of black acrylic plastic 
with eight arms radiating from a central 
compartment. Each arm is equipped with 
two photo-optical infrared beam sensors 
at the entrance and at the end of each arm. 
Interruptions of light beams are fed to a 
16-channel event counter interfaced to an 
IBM PC or Apple Ile computer and are 
either printed in periodic intervals, stored 
on the disc or both. In addition to the 
Radial maze, Columbus also offers the 
Figure Eight maze which features a shape 
that resembles the figure 8. 
Reader Service No. 108. 

“iT ADVERTISEMENT 


PHARMACOLOGY / 
IMMUNOLOGY 


IBM PC,XT,AT; APPLE Il, 
il+, lle & VAX-VMS. Lab- 
oratory software for use in 
research labs. Software 
products include those for 
analysis of ligand binding, 
enzyme kinetics, breast 
tumor estrogen and pro- 
gesterone receptor con- 
tent, and multiple ex- 
ponential curve analysis. 
Products are menu driven 
and include external doc- 
umentation. 


Send for catalog. 
Specify computer. 


Lundon Software, Inc. 
P.O. Box 21820 

Cleveland, Ohio 44121 
216—371—6220 
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Well to begin with, you won’t compromise 
high sample load with poor resolution. In 
fact, our way gives you 10 times greater 
load and also 10 times better resolution 

— at the same time! 

Sounds too good? Just try advanced 
electrofocusing by using Immobiline. It’s 
the only system available that lets you 
immobilize the pH gradient within the 
gel, puts an end to drift, cuts out conduc- 
tivity gaps and gives you infinite stability. 

Look up J. Biochem. Biophys Methods 
8 (1983) 157-172, and find out how pre- 


parative electrofocusing separates proteins 


in quantities of up to 1 gram — completely 
free from low molecular weight conta- 
minants. Better still, just fill in the 
coupon and get all the facts. Or try it 


Why thi shew 
preparative 
method delivers 








straight away, and Pll see that we give 
you an attractive discount on your first 
order. 


a DEN S N ee E. imeda rire d a 
Please send me your new brochure on oe 
The Immobiline System for analytical tg, 
and preparative electrofocusing. Sa: 


on Quality Chemicals for electro- 


| O 
| O Please send me your latest catalogue 
| phoresis and electrofocusing. 


| O Please call me. 





| Name __ a 


| Company/Institution 











| Department 


| Address 














THE INCENTIVE GROUP 
Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern. ) 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 88 22, telex 264414 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, Lucerne, Madras, Moscow, Munich, Paris, Rome, Tokyo, Turku, Vienna, Zoetermeer 
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.... it's time to let Chemical Design put you in the 
picture. Substantial benefits derive from using com 
based systems to model chemical structures. 
















of useless compounds. 

As Europe’s leading supplier (with over 100 
installations worldwide), Chemical Design will be plea 
to demonstrate that molecular modelling is not as difficult 
or as expensive as you may think. For further information 
contact: David Chapman, European Sales Manager 


Chemical Design Ltd 
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The seventh edi 
textbook of pha 
therapeutics has 
updating of eve 
mechanism of a 
| Merapeutic ager 
new drug entitie 
_ editions will fine 

clarity of writing 
| Goodman and | 
the field. 
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7ALACTIC CENTRE me 
POLARIZATION 3 


A rainbow colour display of the galatic centre in radio 
continuum showing superposed (in white) Hnear 
polarization. A peak of linearly polarized emission is 
seen on the arc of emission below the galactic plane. 
Two ‘lobes’ of polarized emission are seen 
symmetrically disposed about this peak. The 
alignment of these lobes (magnetic field) is 
perpendicular to the galactic plane. The lobes bend 
away from the direction of this alignment in a 
symmetrical manner. See p. 697. 
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Whose telephones are now free? 


The British governmenť s arrangements for regulating its newly denationalized telephone company 
leave a lot to be desired. The most obvious missing ingredient is competition. 


Just over a year ago, the British government sold off just under 
a half of the equity ın its public monopoly ın telecommunica- 
tions, trendily called British Telecom, and ıt has been congratu- 
lating itself ever since on its courage and perspicacity. Certainly, 
the public sale of shares was the largest occasion of its kind that 
there has ever been. In many ways, the result has also been 
successful It1s, for example, now possible for British telephone 
subscribers legally to buy and to attach to the lines they rent 
from the half-private monopoly a growing variety of terminal 
equipment, from hand-sets to large private exchanges to 
facsimile transmitters. Especially in those areas of its business 
where independent manufacturers have competing products to 
offer, British Telecom has become a paragon of alertness 
(although it is still a time-consuming business to raise a tele- 
phone operator on a Sunday). So far, however, almost every- 
body who wishes to make a telephone call within Britain, or 
from Britain to elsewhere, must use British Telecom’s telephone 
lines and pay whatever charges British Telecom decrees The 
few exceptions are those who are already subscribers to a novel 
telephone network called Mercury, licensed as a separate pni- 
vate telecommunications network during the run-up to the sale 
of half of British Telecom, and which is now ironically a wholly 
owned subsidiary of Cable and Wireless, itself publicly-owned 
until three years ago But next year, it now appears, Mercury 
will be a more serious thorn in Bntish Telecom’s flesh. 

So much should be clear from British Telecom’s howls of 
protest two weeks ago at the ruling on the interconnection of the 
two networks handed down by the body called Oftel, an inde- 
pendent regulatory agency set up under the Telecommunica- 
tions Act to ensure that British Telecom, as a private monopoly, 
does not abuse its economic power. Briefly, Mercury is to be 
allowed to use British Telecom’s network as it chooses to 
connect its own subscribers to the people they wish to talk to 
The places at which the two trunk networks will be intercon- 
nected are specified, as are the charges that Mercury will pay to 
British Telecom for the use of its lines Difficulties remain about 
the numbering system that Mercury will be able to use So why 
was British Telecom so deeply offended that it began proclaim- 
ing that the outcome of Oftel’s ruling would be higher telephone 
charges for domestic users of its telephone system, especially for 
short-distance calls? Because there 1s now at last a prospect that 
Mercury will be able to offer what British Telecom has declined 
to offer all these years, a service in which the prices charged for 
telecommunications reflect the truth about the underlying tech- 
nology, that the cost of an interconnection has almost ceased to 
be a function of the distance between two points 

So Oftel’s decision, so far as it goes, will have the welcome 
consequence that British telephone users will be able to com- 
mumicate at prices more closely related to the real cost than has 
hitherto been possible. That, at least, is British Telecom’s ex- 
pectation. which ts why its first reaction was to threaten its 
customers in general with higher costs for local calls But in 
reality, there is no certainty that this state of affairs will come 
about. Mercury, like British Telecom, is in business to make a 
profit. Theoretically, it may believe that its business will be most 
efficient, and will grow most quickly, 1f the charges ıt makes for 
its services are somehow related to the costs of providing them, 
but there could easily be circumstances when ıt might prefer not 


to grow as quickly as present opportunities suggest. For one 
thing, growth will entail extra capital For another, Oftel has 
endorsed the British government’s earlier ruling that Mercury's 
night to use the larger network operated by British Telecom on 
the terms now specified should last only for as long as Mercury 
has less than 7 per cent of British Telecom’s business Mercury, 
in other words, will not be impelled to cut prices to the bone. 
This points to the weaknesses in the arrangements for com- 
petition in telecommunications attending the act of divestment. 
Although the British government has said that it may in due 
course license others to compete with British Telecom, for the 
time being there 1s only Mercury In the United States, where 
the breakup of AT&T has been more radical than the sale of half 
of British Telecom, there is now a host of competing companies 
trying (and sometimes failing) to sell telecommunications more 
cheaply than others. If ever one should sink into a complacent 
relationship with the owners of the private monopoly network 
that ıt uses, another will jump in to undercut them both. The 
problem, in Britain, is that there 1s nothing to prevent such a 
cosy relationship between British Telecom and Mercury from 
growing up over the years ahead, when their public trading of 
insults in the past few days will have become part of folk mem- 
ory. The only remedy would be to allow other companies the 
right to compete. The snag, as things are turning out, 1s that if 
wiil be technically and financially more difficult to graft later 
competitors onto the double-headed network now developing. 
Will they, like Mercury, be allowed to use the British Telecom 
network, and will the connections be at different places, or will 
they be allowed to ride piggy-back on both? The simple truth is 
that it would have been far simpler tf the government, having 
decided to sell half of British Telecom, and tn the cause of 
competition, had behaved as 1f it believed in competition and 
had allowed anybody who cared to do so to rent lines from 
British Telecom and make whatever use ıt cared to of them. As 
things are, the British public monopoly on telecommunications 
has been converted into a system of two parallel private 
monopolies, each of them protected by the same government? & 


Tale of two systems 


Why is France spending more on agricultural: 


research while Britain is cutting back? s- 


Britain and France are both'members of the European Com’ 


munity which ıs sometimes best known for its Common Agri- 
cultural Policy, an elaborate device for making Europe self- 
sufficient in food. As the world knows, the policy has been over- 
abundantly successful, especially in the past few years Euro- 
pean farmers produce much more of almost everything than 
Europeans are capable of eating. Among the other con- 
sequences of this state of affairs are the high cost to European 
consumers of paying taxes to keep European farmers ın busi- 
ness, the high cost of food compared with world market prices, 
the endless squabbles among European governments about the 
rights and wrongs of the agricultural policy and, latterly, trans- 
atlantic squabbling between the United States and Europe, each 
complaining that the other ıs guilty of dumping food exports at 
prices below production cost (which is true). But everybody 
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knows that this state of affairs cannot continue indefinitely. 
Britain, one of the chief opponents of Europe’s agricultural 
policy, is increasingly confident that the present arrangements 
will one day wither away, together with the surpluses they 
engender. France, while pro-claiming that the policy must stand, 
seems also to be preparing for a change. That, at least, 1s one of 
the reasons given for the plan to reorganize the French research 
council INRA responsible for agricultural research (see p 660). 
So why, in Britain, has the argument gone quite the other way, 
with the government insisting that British agricultural research, 
having been cut to the bone already, should be further decimat- 
ed in the next two years? Sheer parsimony ıs not a sufficient 
explanation of the British policy on research (see p 663), 
although it may be a large part of it. The French view appears to 
be that 1f there are to be changes in the agricultural policy, 
French farmers will need the benefit of new agricultural tech- 
nologies if they are to survive. In Britain, the argument goes the 
other way. After four decades during which farming productiv- 
ity has been enormously increased, and where the net cost of 
food imports is a smaller proportion of national wealth than for a 
century, Europe’s surpluses are part of the reason why the 
government is cutting back on research Over the three years 
ending in March 1988, the numbers of people employed by the 
chief public research organization will have fallen by nearly a 
third. Now the knives are out elsewhere, among the research 
teams of the largely successful extension service that has been 
one of the chief agents of increased productivity in recent 
decades. The French policy seems to be that farmers should be 
helped to greater productivity and flexibility in the face of the 
threatened reduction of an admittedly artificial demand for 
food; the British, that farmers should not be helped to be more 
efficient or to be able to ring the changes on the crops they grow 
~~ or that they should pay for the cost of the research that will 
enable them to remain competitive. The truth is that while the 
technology of agriculture is on the threshold of changes more 
radical than there have been since Neolithic times, the-French 
line is by far the safest. 

Not that the British agricultural research establishment 1s 
blameless. Over many years, and long before the Rothschild 
reorganization of civil science in 1971, too much of what passed 
for agricultural research was carried out in publicly-owned insti- 
tutes dedicated to the needs of particular sectors of the agricultu- 
ral industry (and sometimes, as with grasslands research, dupli- 
cated to meet the needs of different geographical regions of 
Britain). Too much has been done in-house, in institutes that 
often became centres of unchanging expertise. It was natural 
that agricultural research should have become the chief victim of 
the Rothschild review, with roughly 40 per cent of its budget 
transferred to the ministries concerned. But now the shoe is on 
the other foot. The government, in its haste to implement the 
policy it has just thought of, ts forcing through economies at a 

_rate that will actually increase total costs over the two financial 
” years ahead, and before anybody can have made a sensible 
“estimate of how a reorganized research establishment might 
| most effectively be deployed in the interests of future farmers. 

In the long run, there are good reasons why some of the costs 

of the research establishment should be borne by the ultimate 
users, the growers and the food processers. Indeed, there are 
many sectors of the British (or any other) agricultural industry 
where it would be beneficial if research could be regarded as an 
essential part of the production enterprise The techniques of 
meristem culture are so relatively simple that no seedsman or 
nurseryman should be without them. And Britain might yet 
have an interesting cheesemaking industry 1f cheesemaking 
were not so highly centralized, and 1f there were bacteriologists 
on or near farms. The snag 1s that it will take time to encourage 
such an upheaval in the way that farmers and agricultural scien- 
tists behave. It will also take time to persuade farmers and other 
users of research in this field to pay for the benefits they receive, 
and create a mechanism for passing a hat around among them 

Meanwhile, the most likely development ts that the people who 
might perform these services will have been put out to grass. O 
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Curing symptoms 
The US Treasury plans to cure the symptoms of 
the federal budget deficit. Why not the cause? 


Mr James Baker, the new Secretary of the US Treasury, 1s a new 
broom who is energetically doing his best to sweep clean where- 
ver he can. Without direct influence on the legislative process, 
he cannot do much to cure the causes of the US money problem. 
the huge federal budget deficit. Three weeks ago, however, he 
did try to cure one of the second-order symptoms of the under- 
lying malaise, the cry in Congress for protection from unfair 
competition from overseas which ts a consequence of the trade 
deficit which is itself a consequence of the high dollar which in 
turn is a consequence of the need to induce overseas lenders to 
help bridge the budget gap. . . The difficulty is that Mr Baker’s 
solution, that other governments should sell their dollar hold- 
ings so as to devalue the dollar, can work only temporarily; what 
is to happen when other governments’ dollars are all spent? Mr 
Baker’s evident hope is that the elements of a more durable 
solution will be in place long before then, and he may be lucky 
But nobody can be sure. And much the same sense of skating on 
thin ice is engendered by Mr Baker’s proposals for dealing with 
the debts of developing countries, spelled out at the meeting of 
the International Monetary Fund ın Seoul this month; they 
could work, but they might not. 

The dilemma has been clear since the 1970s. Much of the more 
than $350,000 million owed by the developing ‘countries is 
money earned by the oil exporters when oil was still black gold, 
which was lent to commercial banks in the West and then passed 
on to developing countries so as to buy oil. (Mexico is a conspi- 
cuous exception, having plenty of its own oil, it borrowed money 
in anticipation of future earnings therefrom.) The same com- 
mercial banks cannot now face the reality that much of what they 
have lent may never be returned for fear that their balance 
sheets would be spattered with red ink Even though the past 
three years have given banks a breathing space, the risk that 
excessive reality might trigger a sequence of bank failures is still 
present. (Those tempted to say “Serve them right!” had better 
reflect that the money lost would mostly belong to the banks’ 
customers, not their shareholders, and that the results could be 
worldwide deflation.) So Mr Baker suggests a two-part plan; 
first, the commercial banks should be prepared to lend the 
developing countries now in debt a further substantial $20,000 
million (over the next three years) and then, that the World 
Bank should also lend them more. 

That something needs to be done, and urgently, 1s plain As 
things are, the risk that either the banks or their debtors will go 
bust is too great for comfort. And there is much in the com- 
plaints of developing countries up to their eyes in debt that far 
too great a slice of their export earnings is now used to pay off 
debts originally incurred at low interest rates but now “resche- 
duled” at much higher rates. The social and political consequ- 
ences of that state of affairs, continued over decades ahead, are 
too sombre to contemplate. The flaw in Mr Baker’s solution is 
that, like the scheme to drive down the international value of the 
dollar, it tackles symptoms and not causes. The total amount of 
debt would not shrink, but it would become less onerous in the 
short term. The commercial banks and the developing countries 
would have a breathing space but not a permanent solution to 
what has become their mutual problem. Nor would it help, as Mr 
Baker suggested at Seoul, to set up a new international bank to 
take over the debts on the commercial banks’ books, which 
would be an invitation to default. The only long-term remedy is 
that the developing countries should be enabled more easily to 
pay off their debts, which in turn implies that the governments 
now worried about the viability of their commercial banks 
should be willing to provide more foreign aid to the debtor 
countries, and that the debtors should be helped more easily to 
pay off their debts by means of exports, which implies a need 
that interest rates should fall — and that the US deficit should 
shrink. 0 
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Human growth hormone 


NEWS 


Approval for synthetic 
products in US, Britain 


Washingion 

HuMAN growth hormone for treating 
hypopituitary dwarfism last week became 
the second pharmaceutical product manu- 
factured by recombinant DNA techniques 
to be approved for use in human beings. In 
the United States, the Food and Drug 
Administration (FDA) finally gave 
Genentech Inc. approval to market its 
own brand of recombinant growth hor- 
mone, called Protropin, while in Britain, 
the Department of Health and Social 
Security approved KabiVitrum’s Somato- 
norm, an almost identical product manu- 
factured under licence from Genentech. 

The approvals are a coup for Genen- 
tech, which also developed the previous 
single recombinant human pharmaceutic- 
al, insulin, which 1s manufactured under 
licence by Eli Lilley and Co. In both coun- 
tries, the product is likely to be used im- 
mediately by virtually all young people 
needing growth hormone supplements: 
use of the only alternative, growth hor- 
mone derived from human pituitary 
glands, was halted in May because of fears 
that it could be responsible for transmit- 
ting a rare and fatal viral neurological 
disease known as Creutzfeldt-Jakob 
disease (CJD). 

In the United States, there have been at 
least three suspected cases of CJD among 
young adults who received human pituit- 
ary growth hormone injections as adults, 
and one in Britain: the disease is rare 
enough for this to be a suspiciously high 


Soviet offer on AIDS 


Soviet doctors are prepared to cooperate 
with their colleagues in the United States in 
the fight against AIDS (acquired immune 
deficiency syndrome) according to Profes- 
sor A. I. Vorob’ev, head of the haematolo- 
gical department of the Central Institute 
for Improving the Skills of Physicians. 
Writing in the newspaper Sovetskaya Ros- 
siya, Vorob’ev noted that not a single case 
of AIDS “with the epidemiological features 
described by the Americans” had yet been 
reported in the Soviet Union. 

The AIDS threat, however, is coming 
uncomfortably close. Poland’s screening 
programme, launched last month (see Na- 
ture 12 September, p.100) has already 
found four instances of AIDS antibodies 
among the first 1,679 people screened. 
Only blood donors and people at special 
risk are being screened; the four AIDS sus- 
pects are two homosexuals (out of 52 
screened) and two (out of 49) haemophi- 
liacs who had been treated with imported 
clotting agents. Vera Rich 





incidence in a small group. Intensive in- 
vestigations are now under way to estab- 
lish whether the pituitary product has 1n- 
deed been contaminated with the infec- 
tious agent of CJD, but conclusive animal 
tests of infectivity take at least a year. In 
the meantime, ıt is not clear whether the 
suspected cases (of whom one now 
appears unlikely to have had the disease) 
presage further cases of CJD or whether 
those now known are likely to represent 
all cases caused by contaminated pituitary 
extracts 

Dr Albert Parlow of the University of 
California at Los Angeles, who has sup- 
plied pituitary products to the National 
Institutes of Health since 1977, claims that 
purification techniques he initiated then 
make it very unlikely that virus particles in 
an infected individual could still con- 
taminate pituitary extracts; nevertheless, 
his laboratory is now taking extraordinary 
measures to eliminate virus particles, 
including filtration through filters with 
pore sizes as small as 25 nanometres. 

Parlow says the ban on the use of pituit- 
ary products will represent “the genocide 
of pituitary research” unless FDA takes 
immediate steps to show convincingly that 
pituitary products can be made safe. Such 
a demonstration might be difficult: in a 
recent paper published in New England 
Journal of Medicine, physicians at the 
National Institutes of Health noted that it 
is prudent to assume “no amount of (che- 
mical) processing can be guaranteed to 
result in a fully sterile end product”. 

The Genentech synthetic growth hor- 
mone is not identical with the human ver- 
sion, having an extra methionine residue 
at one end of the protein chain. Perhaps as 
a consequence, 30 per cent of patents de- 
velop antibodies to the product. Last year, 
FDA expressed concern about the tm- 
mune reactions and asked for another 
year of follow-up data on trial patients: 
that period will not end until early 1986 
but, doubtless impressed by the urgent 
need of treatment for adolescents of short 
stature, FDA decided after six months 
that its requirements had been met. 

Since use of the human product was 
halted in May, one hundred or so hypo- 
pituitary patients in the United States who 
suffer from the serious complication of 
hypoglycaemia have been permitted to 
use Protropin under a special compassion- 
ate exemption; some adolescents have 
also been permitted to continue using 
human-derived growth hormone from the 
same production batch that they had used 
previously. 

Genentech will soon face competition 
from several other manufacturers of re- 
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combinant growth hormone for the $40 
million US market (The market may even 
grow if, as hoped, the recombinant pro- 
duct proves effective against other forms 
of dwarfism. ) 

In the United States, Eli Lilly has a 
product in clinical trials and, in Europe, 
Serono Laboratories is in trials in Dublin 
with a product manufactured by Celltech, 
the British biotechnology company. The 
Celltech product is made in mammalian 
cells and so lacks the troublesome extra 
methionine, while a Danish company, 
Nordisk, has found an alternative solution 
to the problem of producing natural 
sequence growth hormone. 

When natural sequence products are 
shown to be safe and effective, they can be 
expected to replace the early versions, but 
Genentech is not planning to be left 
behind and is working on a natural 
sequence growth hormone of tts own. 

Tim Beardsley 


Shuttle contract for 
Aérospatiale 


Paris 

Hermes, the French miniature version of 
the US space shuttle designed to be laun- 
ched on the European rocket Ariane, is to 
be built under the leadership of Aérospa- 
tiale, the company that builds French nuc- 
lear missiles, it was announced last Friday 
(18 October). 

This at last brings to an end speculation 
over whether Aérospatiale or the aircraft 
company Marcel Dassault would be prime 
contractor on the FF14,000 million (£1,100 
million) project (see Nature 10 October, 
p.469), and will be a relief to those who 
suspected that a Dassault victory would 
compromise European collaboration on 
Hermes. (It was said to be pressure from 
Dassault that caused France to withdraw 
from the European advanced fighter pro- 
ject a few months ago.) 

Dassault will not, however, go unre- 
warded. As makes sense, the company, 
partnered by another aircraft manufactur- 


er Breuget Aviation, will be subcontractor `- 


for the whole aeronautical system of 
Hermes — the components necessary for 
its flight in the atmosphere, as opposed to 
its flight in space. 

The French space agency CNES which 
first conceived of Hermes will, alongside 
Aérospatiale, lead negotiations with other 
potential European partipants, and will, 
according to CNES, take account of the 
specializations now available in the Euro- 
pean space industry through the develop- 
ment of Ariane, Spacelab, and Columbus 
(the European contribution to the US space 
station). Eight countries are said to be in- 
terested in participation, but they do not 
include West Germany, which apparently 
considers its space spending on Ariane 5 
and Columbus quite enough for the time 
being. Robert Walgate 
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Companies eye export markets 


Tokyo 

Japan's biotechnology companies are 
bursting with confidence. The days when 
they were eagerly seeking licensing 
arrangements with their US and Euro- 
pean counterparts are over. Instead. the 
Stage may be set for international com- 
petition that will intensify in the next de- 
cade. Those seem the main conclusions 
to be drawn from a newly published 
survey of the industry. 

The survey. which drew replies from 
260 biotechnology companies, was carried 
out by the industrial newspaper Nikkei 
and its companion magazine, Nikkei 
Biotech. Almost all areas were covered, 
from companies manufacturing clean- 
rooms to those producing interferons. Ex- 
penditure on research and development 
appears to be doubling yearly: in 1984 it 
rose 28.2 per cent from the previous year, 
this year a 51.5 per cent rise is anticipated. 
Average research and development ex- 
penditure now runs at 295 million yen per 
company, but that disguises considerable 
variation. 

The biotech giants, such as Ajinomoto, 
Toray Industries and Tanabe Setyaku, 
have declared research budgets of over 
Y1.000 million (US 4.6 million) a year. 
And other leaders, like Meiji Seika, did 
not give details of their expenditure. 
Nearly half the companies revealed that 
they were planning to build new research 
facilities, or to expand existing ones, in the 
near future 

The expansion ts perhaps a reflection of 
the optimistic view of the future market 
for products related to biotechnology that 
is now. emerging: from the present 
Y50,000 million a year market a 170-fold 
increase to Y8.3 thousand thousand mil- 
lion by the year 2000 was predicted by the 
companies surveyed. : 

But perhaps the most striking result of 
the survey 1s the way the gap between the 
United States and Japan ıs perceived to 
have shrunk. Just a couple of years ago, 
when Nature published a survey on Scien- 
ce in Japan, there was still considerable 
uncertainty over the role of biotechnology 
in Japan and concern over the huge lead 
held by the United States. The gap has not 
vanished in the most advanced fields. In 
genetic engineering, only a few companies 
— including Kyowa Hakko, Ajinomoto 
and Toray — are prepared to say they now 
stand shoulder-to-shoulder with US com- 
panies. None thinks it is ahead. But in cell 
fusion, mass cell culture and immobilized 
enzyme technology, which are the tech- 
niques of mass production, a handful of 
companies, including Meiji Seika, 
Sumitomo Seiyaku and Toray, now see 
themselves as ın the lead. And in more 
conventional fermentation technologies, 
just over 10 per cent of companies saw 
themselves ahead of their Western count- 


erparts, and nearly 15 per cent at the same 
level. 

The biggest remaining problems for the 
industry are seen to be in basic research 
and in the failure to obtain effective 
industry/university/zovernment coopera- 
tion. These problems have been aired 
many times, but there are still no effective 
policies to deal with them. Research in 
biotechnology is largely funded by the 
companies themselves and government 
support of basic research remains modest. 
Indeed lack of support for basic research 
may itself become an international issue. 

A great many of Japan’s biotechnology 
researchers have trained in the United 
States (158 are enrolled on the National 
Institutes of Health visiting programme, 
but only six from the United Kingdom) 
and many are recruited direct from US 
universities where they are completing 
postdoctoral studies. Although a US 
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Embassy spokesman says that there is no 
possibility that the noble tradition of 
allowing other countries free access to US 
basic research facilities will be curtailed, 
complaints have already been voiced in 
Congress. The future may see pressure for 
Japan to contribute as much to the world’s 


pool of basic research as it takes out. 


Whether or not that happens, there 1s 
no doubt that there is going to be fierce 
competition between the United States 
and Japan in the next decade. And just as 
in the field of electronics, Japanese com- 
panies that enter the international market 
will have first to face fierce internal com- 
petition. It is a notable feature of the 
Japanese scene that many companies fol- 
low similar lines of research; one year in- 
terferon is in vogue, another year, tumour 
necrosis factor. Numerous companies are 
moving into monoclonal antibody produc- 
tion and the manufacture of diagnostic 
kits too. The companies that emerge as 
winners will be very tough international 
competitors. Biotechnology companies else- 
where should take note. Alun Anderson 





French agricultural research 


- 


New look at research council 


Paris 

A FRENCH dinosaur is stirring. The Insti- 
tut National de la Recherche Agronomi- 
que (INRA), the national agricultural re- 
search council, which some critics say has 
been an agent of conservatism rather than 
change ın French agriculture, ts embrac- 
ing biotechnology. 

Jacques Poly, INRA director-general, 
has appointed Pierre Douzou, director of 
the national biotechnology programme, 
as president of INRA’s scientific council. 
Moreover, Guy Paillotin from the Ecole 
Polytechnique has joined INRA as direc- 
tor of research, while half of all directors 
of INRA’s laboratories have been 
changed in the past two years. Poly says 
“everything is possible now”. 

Not that he, or Douzou or Paillotin, has 
much complaint about INRA’s existing 
research. “I’m aifan of INRA”, says 
Douzou. INRA Has world-class animal 
reproductive biology at Versailles, can 
possibly claim a world lead in classical 
plant embryology and has a number of 
major research centres as at Toulouse and 
Grignon, where it has set up a major effort 
in modern fermentation technology. But, 
says Poly, INRA may have been too close 
to the farmers, responding to their im- 
mediate needs. Now INRA must break 
new ground, taking account of the impact 
of the new biology on agriculture. 

Although the shift will not be easy, “un- 
like your troubles in Britain”, says Poly, it 
will not be hampered by lack of funds 
INRA has not been particularly favoured 
under the present government, but spend- 
ing will rise by 10 per cent next year. The 
revitalization of French agriculture 
through research has clearly become a 


political priority. Another sign 1s that, in 
Douzou's biotechnology programme, 
which was reconstituted during the sum- . 
mer, the new “board of directors” con- 
tains only three representatives of chemic- 
al and pharmaceutical compames, but 
seven from the agro-food sector 

French politicians seem to have recog- 
nized that the agricultural and food indus- 
tries are vast, and its second export 
earner. (Wine alone was worth FF18,000 
million last year.) Yet these industries are 
threatened with fundamental change, in 
part because of possible adjustments to 
the European Community’s Common 
Agricultrual Policy (CAP) and partly 
from new technology ın food and farming. 
To avoid what Douzou calls “the desertifi- 
cation of rural France”, research, and 
INRA, come to the fore. 

But Poly, Douzou and Paillotin recog- 
nize that INRA has been too isolated from 
the universities and from other research 
councils and that this must change. Al- 
ready significant numbers of senior scien- 
tists from universities and other research 
councils are moving io INRA, says Poly, | 
as a consequence of the rapid advances in 
molecular biology and the recent change 
in intellectual atmosphere in France. to- 
wards practical application. 

Another key factor is the source of 
INRA’s funds, says Poly Since the 
present administration came to power in 
1981, INRA has depended on the 
revamped and powerful miunistry of 
research, and not on the ministry of 
agriculture as previously And now the 
benefits are beginning to show. “It has 
made a big difference”, says Poly. 

Robert Walgate 
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Computer networking 


IBM last come, first served again. ' 


Washington 
IBM, AFTER two years of waiting and 
watching the office computer market. 
finally introduced its local area network 
system last week. The form of topology of 
the network, by which personal compu- 
ters and other peripheral devices can in- 
teractively communicate, was announced 
in May 1984, when.the company put on 
. sale the coaxial cable that would link the 
devices in the network, but told customers 
they would have to wait two to three years 
for the rest of the system. Although many 
find IBM’s new network disappointing 
‘compared with what other commercially 
available systems can do, the offictal entry 
of IBM into the office network market will 
remove much uncertainty from a notor- 
iously slow-moving part of the computer 
marketplace 
The system announced last week con- 
sists of the software to link the devices and 
- a set of chips designed by Texas Instru- 
ments that will permit the computers to be 


attached to the network. The Texas high- 


speed interface allows operations at 4 mil- 
lion bits per second. IBM has effectively 
introduced two networks, available in the 
first quarter of 1986, one that can link up 
to'72 computers on existing telephone 
cables and another that can connect 260 
computers but requires the expensive 
coaxial cable. 

The main complaint about the system is 
that IBM has not developed the technolo- 
gy to allow personal computers to interact 
intelligently with larger computers on the 
network. Personal computers can have 
access to information-from mainframes, 
but frustrated customers must again wait 
until IBM introduces the interface to 
allow the two to interact. The company 
refuses to predict a date for this step. 

Local area networks are not new — the 
most common, Ethernet, was introduced 
six years ago and can do much that IBM’s 
cannot. Most existing networks use either 
bus or star topologies: A bus network 
connects peripherals to a single central 
cable, allowing- further devices to be 
added easily; if one device breaks down, 
the system can keep on operating. The 
disadvantage of this system is that each 
component must be checked when a fault 
occurs; technically, the network is best 
suited to short distances. 

A star network links peripherals 
through a central computer, which makes 
it easy to maintain but means that a break- 
down of the central computer stops the 
whole network. 

IBM has chosen to sell a network in 
which a series of peripherals is connected 
in a ring around which an electronic sig- 
nal, or token, constantly circulates. A 
message can be attached to the token and 
sent to another unit in the network, which 
then uses the token to acknowledge the 
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message No other data can be transmıt- 
ted during thistime One problem with 
such token-ring systems is that the loss of 
one peripheral can close down the net- 
work; the system is also difficult to service 
and expand. 

One complaint of Digital, IBM’s com- 
petitor that offers the Ethernet system, 1s 
that established networks are standar- 
dized whereas IBM’s is not. But seven 
major computer companies rushed to 
announce accommodations to their pro- 
ducts to make them compatible with 
IBM’s network within a day of IBM’s 
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ae are 661 
announcement. Such ts IBM’s domination 
of the computer market that any product it 
introduces becomes a de facto standard 
For how much longer will IBM be able 
to sit back and wait for others to test its 
markets before introducing new pro- 
ducts? Its token-ring system may well 
remove some of the uncertainties and 
customers’ nervousness from the office 
computer market, opening it up for cus- 
tomers and rival companies alike. But the 
long-awaited 3090 quad processor system, 
IBM’s answer to supercomputers such as 
those produced by Cray and Cyber, could 
be a different story — customers for 
supercomputers are few and far between 
and IBM could find it has missed that 
particular boat Maxine Clarke | 


Poor half-term report for Esprit 


Brussels 
Esprit, the European Commuission’s 
proud programme of collaborative re- 
search in information “technology, has 
emerged slightly tarnished from a review 
of its first eighteen months of operation. 
The mid-term review has been carried out 
by a panel of independent experts whose 
chairman is Dr Pannenborg, chairman of 
the Netherlands Centre of Technology 
Trends and previously a vice- -chairman of 
Philips NV. 

The panel acknowledges that Esprit has 


helped to bring European companies and 


institutions together on precompetitive 
research, but says that the European 
Commission’s administration of the pro- 
gramme has been seriously deficient. It 
recommends that for the remaining 
phases of the programme the Commission 
should concentrate resources on a smaller 
number of larger projects. 

The Pannenborg review applauds the 


„role of Esprit as a catalyst in a field in 


which only a quarter of Europe’s needs 
can be met indigenously. The review also 
says that Esprit, as the first transnational 
project on such a scale in such a field, 
appears to be an effective mechanism for 
research collaboration. Saying that there 
has not yet been timé enough to judge the 
success of individual projects, the review 
goes on to guess that Esprit by itself will 
not ensure an effective information tech- 
nology industry in Europe, and that gov- 
ernments will have to pay some attention 
to the subsequent need for demonstration 
projects, prototype development” and 
even-production engineering. 

The review has been based on the ex- 
perience of 131 European companies 
working on Esprit projects, most of which 
seem to have found their collaborative 
work valuable. For the smaller com- 
panies, the 20 per cent or so increase of 
overhead costs entailed was considered 
well worth the opportunity for joint work- 
ing. The development of European stan- 
dards was singled out for especial praise 


‘panies, as 


by many of the companies. 

Most of the criticisms in the review are 
directed at the European Commission for 
having fallen down on evaluation and on 


, the.provision of communications between 


participants. Failures of communication 
hit the smallest companies and research 
institutes hardest, while delays in return- 
ing contracts are said to have caused cash- 
flow problems among the smaller com- 
panies. The review complains that the 
Commission's staff responsible for admi- 
nistering: Esprit lacked industrial exper- 
ence. Those responsible for evaluating 
applications for Esprit funds have been 
variously described, by participating com- 
“too academic”, “lacking in 
knowledge” and “not always impartial”. 

Another common complaint is that, the 
Esprit projects taken together do not take - 
account of the strategic needs of a success- 
ful European industry. 

The review panel recommends that the 
future phases of the Esprit programme 
should be organized in the three broad 
areas of hardware, software and applica- 
tions and that more attention should be 
paid to the strategic and commercial 
importance of new projects. 

For the second phase of the Esprit pro- 
gramme, the review panel wants to see a 
bigger budget,able to support demonstra- 
tion projects as well as research. It sug- 
gests a two-tier system for the evaluation 
of project proposals and a more widely 
representative advisory board to super- 
vise the programme. It would like to see a 
European network of centres of excel- 
lence as weil as research fellowships. 

What will happen to the panel’s recom- 
mendations is far from clear. After only 
eighteen months, the first phase of Esprit 
has already eaten through most of the 
European Communities’ contribution of 
750 million ECU, originally meant to last 
for five years. The future will depend 
largely on whether the member govern- 
ments are willing to find more money. 

Anna Lubinska 
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US synchrotron radiation 


NEWS 


Cautious start on new sources 


Washington 

THe US Congress has finally given the 
Department of Energy (DoE) the go- 
ahead to start pre-construction research 
and development for the next two major 
synchrotron light sources. The fiscal year 
1986 appropriation for DoE, now awaiting 
President Reagan’s signature, includes $5 
million for the design of both a 6GeV 
machine providing hard X rays and a 2 
GeV high brilliance machine optimized 
for the vacuum ultraviolet and soft X-ray 
regions. (The energies are those of the 
_ circulating electrons stored in the rings.) 

The case for the new machines has been 
emphasized in several recent studies. De- 
cisions have been spurred by the percep- 
tion that-Europe may be stealing a march 
on the United States with the possibility 
that a European 5-6 GeV synchrotron 
may be built at Grenoble (see Nature 315, 
362; 1985). But Congress, having recently 
suffered several painful experiences with 
major physics facilities, has said that sup- 
port for pre-construction research does 
not imply a commitment to go ahead with 
construction. The 2 GeV machine 1s ex- 
pected to cost between $75 and $100 mil- 
lion and the 6 GeV machine about twice as 
much. Construction would probably be fi- 
nanced through DoE, with the National 
Science Foundation (NSF) helping with 
planning and design. ` 

Both machines will make maximum use 
of insertion devices, the value of which in 
increasing flux densities has been fully 
realized only in the past few years. Much 
of the initial research will concentrate on 
designs with several parallel insertion de- 
vices and on optics capable of handling 
radiation 1,000 times brighter than what is 
now the brightest US source of X rays and 
ultraviolet radiation, at the National Syn- 
chrotron Light Source at Brookhaven 
National Laboratory. Other existing US 
synchrotron light sources are at Stanford 
Linear Accelerator Center, Cornell Uni- 
versity, the National Bureau of Standards 
in Maryland and the University of Wis- 
consin. 

While formal decisions on construction 
still lie ahead, the competition to play host 
to one or other of the new sources has 
inevitably begun. Argonne National 
Laboratory in Illinois is making a strong 
pitch for the 6 GeV hard X-ray source, 
while Lawrence Berkeley Laboratory in 
California 1s pushing for the smaller 
machine. Several workshops have been 
held to look at design possibilities. 

The most recent recommendations on 
synchrotron priorities were given at a 
briefing last month by IBM’s Dean East- 
man to NSF and DoE officials. Eastman 
confirmed the findings of his previous re- 
port on the subject a year before, con- 
ducted for the National Research Council, 
which gave the 6 GeV machine top prior- 


ity. But Eastman was faced with the deli- 
cate question of whether the problems ex- 
perienced by the 800 MeV Aladdin 
machine at the University of Wisconsin — 
and the recent progress towards solving 
them — should lead to a reassessment of 
priorities. l 

Design faults in Aladdin created serious 
problems with beam stability, so that early 
this year, after 4 years of adjustments, the 
maximum beam current was still a paltry 
2.5 mA. More recently, the incorporation 
of ion-clearing magnets has increased 
beam currents to 40 mA, and further in- 
creases are expected, but it 1s clear Alad- 
din will never approach its design current 
of 1 amp. Eastman was not persuaded that 
a major upgrade for Aladdin could substi- 
tute for the planned new 2 GeV machine. 

Indeed, NSF cut off funds for Aladdin 
on 30 September, but David Huber, direc- 
tor of the Wisconsin Synchrotron Radia- 
tion Center, has nevertheless defiantly 
transferred beam lines from the adjacent 
240 MeV Tantalus ring to Aladdin and is 
hoping to persuade NSF to renew its sup- 
port on the grounds that even 40 mA will 
be useful to materials science researchers. 
He says that Aladdin (which, as a mark of 
shame, had had its name taken away by 
NSF) is now producing more intense light 
over its entire spectrum than could Tanta- 
lus. But Huber will have to persuade NSF 
to provide another $2 million a year to 
operate Aladdin instead of Tantalus, 
which may not be easy, given that NSF has 
already once decided to wash its hands of 
the project. : 

According to Louis Ianniello, director 
of materials science at DoE, the experi- 
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ence with Aladdin “hasn’t changed any- 
thing” that would affect planning for fu- 
ture machines. And Lewis Nosanovw, his 
opposite number at NSF, says the design 
problems of synchrotrons are now largely 
understood — Nosanow believes that to 
build neither of the two proposed 
machines would be “a disaster”. and 1s 
adamant that both are needed. Congress 
might decide otherwise. 

Tim Beardsley 
è The European Synchrotron Radiation 
Facility (ESRF), now firmly planned for 
Grenoble by a Franco-German bilateral! 
decision, is still looking for cash. So far, 
France has offered to pay 39 per cent of 
the construction costs, West Germany 29 
per cent and Italy 15 percent This leaves 
17 per cent to find. 

There have been hopes in France and 
Britain that a deal could be struck in which 
France would invest in a portion of the UK 
Science and Engineering Research Coun- 
cil’s Spallation Neutron Source (SNS), 
which is still short of operating funds, in 
return for an equal investment by Britain 
in ESRF. But this 1s opposed by some 
leading scientists in France, who have to 
find users for the many neutron sources 
already available there. “The last thing we 
need is more neutrons”, they say. 

The ministry of research in Paris, 
however, is still trying to strike a deal, 
emphasizing that there are many experi- 
ments to be done on the pulsed SNS that 
could not be done anywhere else. So the 
saga of ESRF, first proposed by the Euro- 
pean Science Foundation in 1973 as a facil- 
ity that would give Europe a lead over the 
United States, continues. The news from 
the United States indicating that Europe 
could yet be overtaken will add bitterness 
and urgency to the story. 

l Robert Walgate 





Wellcome aid for research 


ANTICIPATING that its income will increase 
from about £30 million to at least £45 mil- 
lion next year, the Wellcome Trust hopes 
to spend up to £10 million annually on 
permanent research groups within UK 
universities, instead of supporting medical 
research only with short-term grants as it 
does now. 

The extra income will come from the 
trust’s sale, early next year, of one-fifth of 
the shares in the Wellcome Foundation, 
the pharmaceutical company that has been 
wholly owned by the trust since both were 
set up under the will of Sir Henry Dale. 
This year, the trust expects to receive ab- 
out £30 million out of the profits of the 
foundation. Next year, it hopes earn £15- 
20 million in interest by investing the pro- 
ceeds of the share flotation on the stock 
market. The problem for Dr Peter Will- 
iams, the trust’s director, is how to attract 
sufficiently good proposals on which to 
spend the extra income. 

It is likely, he says, that most of the 


money will be spent on basic biomedical 
sciences, and three new advisory panels 
have just been set up to identify promising 
areas of research. But Williams is con- 
cerned that morale is so low in UK univer- 
sities as to inhibit applications, and he is 
considering the need to attract British 
scientists back from the United States. 

Williams is also concerned lest the in- 
crease in the Wellcome Trust’s invest- 
ments in UK university medical research is 
used as an excuse by the government to cut 
back on its own support. This is provided 
through the Medical Research Council, 
whose spending in universities will be 
matched by the trust next year. 

No further sales of shares are at present 
planned by the trust but it may eventually 
sell up to 49 per cent of them. To exceed 
that would entail a loss of the trust’s con- 
trolling interest, which would be even 
more contrary to the stipulation’s of Sir 
Henry Dale’s will than the present sale. 

Peter Newmark 
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British agricultural research 


NEWS 


The worst is still to come 


THe agony of the British research establish- 
ment remains where it has mostly been for 
several years, in agriculture. During the 
past few weeks, institutes of the Agri- 
cultural and Food Research Council 
(AFRC), such as the animal diseases insti- 
tute in Berkshire and the poultry research 
station in Cambridgeshire, have been put- 
ting out forecasts of the numbers of people 
they will have to shed from the beginning 
of next year (35 and 264 respectively), 
the Ministry of Agriculture, Fisheries and 
Food (MAFF) has explained how it will 
close four of the laboratories run by the 
Agriculture Development and Advisory 
Service (ADAS) to save £4 million a year, 
and the cry has gone out that the cost of 
applied research in agriculture must in 
future be borne by its beneficiaries. 

The newest round of cuts 1s the con- 
sequence of the British government’s de- 
cision, announced at the beginning of this 
year, that research supported by MAFF 
and the other agriculture ministries (in 
Scotland and Northern Ireland) would be 
reduced by £10 million in each of the years 


1986-87 and 1987-88. This decision fol-- 


lowed several years of steady decline in 
direct support from the government’s sci- 
ence budget for AFRC. ' - 

The effect of the latest cuts will be to 
have reduced AFRC’s staff by close on 
2,000 ın three years, or by nearly a third. 
During the current financial year, some 
600 posts will have been lost. Some 570 
posts will go next year with perhaps as 
many in the succeeding year. 
© One ofthe curious effects of these deci- 
sions 1s that the total cost of getting rid of 
the posts concerned is likely to exceed the 
money savings, at least in the short term. 
Paying people to retire.early, paying 
others to move from one institute to 
another and the costs of reorganizing re- 
search programmes are likely to amount 
to £20 million in the next two years. On 
this occasion, however, there seems to be 
an understanding by the government that 
the burden of this “restructuring” will not 
fall on the science budget, but will be 
borne directly by central government. 

Final details of the government’s. plans 
for the years ahead are likely to become 
known during the next few weeks. The 
Priorities Board, which gives advice on 
agricultural strategy, is soon to produce a 
report suggesting where cuts should fall; 
its guiding principle seems to be that the 
government should pay for research that 
nobody else can be expected to support. 
This doctrine seems to have inspired the 
government’s present line that the bene- 
ficiaries of research should pay for ıt. 

Later, perhaps in December, the Advis- 
ory Board for the Research Councils may 
have something to say in defence of 
AFRC in its annual advice to the Secret- 
ary of State for. Education and Science. 


On present form, the council may argue 
the need for more time if AFRC’'s te- 
search effort is not to be unreasonably and 
uneconomically reduced. ` 
‘There may also be before the end of the 
year, a decision ôn the future of plant 
breeding research in the United Kingdom, 
especially that at the Plant Breeding Insti- 
tute at Cambridge For'several years, the 
commercial value to the Treasury of the 
exploitation of novel strains by the Seed 
Development Organisation has far ex- 
ceeded the cost of keeping the Plant 
Breeding Institute at work. Several op- 
tions veering towards privatization have 


Chemistry Nobel 


663 


been put to the government. 

Further ahead, the level of agricultural 
spending on research beyond 1987-88 
should become apparent next February, 
in the annual forecast of public spending 
for the succeeding three years. The possi- 
bility that some parts of the total cost 
might be shouldered by the ultimate users 
of.research seems to vary from one field to 
another. On the strength of a meeting held 
by the Institute of Horticulture at the end 
of September, there seems some hope of 
subventions in that area, while the Milk 
Marketing Board and other such public 
organizations are potential contributors to 
some dairy research. But making farmers 
pay for research is reckoned to be possible 
only through legislation, for which there 
appears to be no preparation. oe 


New routes to X- -ray phases 


Washington 

JEROME Karle and Herbert Hauptmann, 

winners of the 1985 Nobel Prize for Che- 
mistry, developed “direct” methods of 
crystal structure determination while col- 
laborating at the Naval Research Labora- 
tory in Washington DC between the 1940s 
and 1960s. The award is considered by 
many crystallographers to be long over- 
due; almost all three-dimensional crystal 


‘structures are now determined using 


methods based on the equations derived 
by Karle and Hauptmann. The import- 
ance of their work, a mathematical 
method to measure the phases of X rays 
diffracted by crystals, was only generally 
appreciated 15 years after the first paper 
in a series was published ın 1950. 

‘The Hauptmann—Karle method enables 
phases to be calculated from structure fac- 
tors, those parts of the diffracted wave 
that depend on the structure under inves- 
tigation. To calculate the positions of 
atoms in a crystal, the intensities and 
phases of the reflections must be known: 
Intensities can be calculated empirically 
by recording the reflections on a photo- 
graphic plate, where they are seen as a 
series of dots of different brightness. Until 
the Hauptmann—Karle method, the phase 
information was thought to be lost, and 
only “special molecules” (for example, 
those containing bromine or other large 
atoms) could be unambiguously resolved. 
Isomorphous replacement, ım which 
heavy metal ions are bound to large mole- 
cules, gave Max Perutz and John Kendrew 


‘the Nobel prize in 1962 for determining 


the first three-dimensional structures of 
proteins, but, this method is not suitable 


-for smaller molecules. 


Hauptmann and Karle, using the fact 
that the electron densities of atoms in a 
crystal can never be less than zero, de- 
veloped a senes of equations to describe 
the limitations of the possibilities of phase 
displacements of diffracted waves. The 
practical applications of these equations 


became apparent when David Sayre used 
a more intuitive approach to derive the 
same relationships, and Isabel Karle de- 
veloped a symbolic addition procedure. 
The first application allowed-the structure 
of a 15-atom antibiotic molecule to be 
calculated in two years. Computer prog- 
rams based on the equations, onginally 
developed by M. Woolfson and colleagues 
at the University of York, now allow the 
structure of a 50-atom molecule to be de- 
termined in two days, 

The next challenge will be to apply the 
method to larger molecules such as pro- 
teins; Karle and Hauptmann are now 
trying to do exactly that. Maxine Clarke 


Astronomer’s prize. 


Tue US astrophysicist Lyman Spitzer Jr 
has received the Royal Swedish Academy 
of Sciences’ first Crafoord prize for astro- 
nomy. The prize, worth US$135,000, was 
awarded for “fundamental pioneering stu- ’ 
dies of practically every aspect of the inter- 
stellar medium, culminating in the results 
obtained using the Copernicus satellite”. 
Since the 1940s, Lyman Spitzer has ex- 
plored all aspects of the physics of the in- 
terstellar medium, especially i in the ultra- 


' violet. Following pioneering work with 


balloon-borne telescopes, he led the work 
on the third of the National Aeronautics - 
and Space Administration (NASA)’s 
Orbiting Astronomical Observatories, 
which became known as the Copernicus 
satellite. One of the discoveries made with 
this satellite was that our Galaxy is sur- 
rounded by a corona of very hot million- 
degree gas, the existence of which Spitzer 
had predicted on theoretical grounds. He 
also had a major hand in the acceptance of 
the Hubble Space Telescope by NASA. 
The Crafoord prize.is awarded alter- 
nately for mathematics, geoscience, biosci- 
ence and ‘astronomy and was first awarded 
in 1982. M. Rowan-Robinson 
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Eureka 


NEWS 


Brussels not to be the fulcrum 


Brussels 
A MEETING in Bonn last week put the 
finishing touches to the charter for 
Eureka, the French-inspired plan to 
stimulate European collaboration in 
advanced technology. The charter is the 
basis on which European foreign and re- 
search ministers will formally launch 
Eureka at a meeting at Hannover on 5 and 
6 November 

What emerges from the charter is a 
flexible administrative structure under 
which it would be up to European 
companies to work out among themselves 
projects on which they might collaborate 
and then to seek government approval. 
Companies will usually have to foot what- 
ever bills anse from their own resources. 

Under the charter, participating 
governments (which could include 
governments not members of the European 
Community) will appoint a “high rep- 
resentative” as the focus for plans drawn 
up by national companies and also a 
means of liaison with opposite numbers 
elsewhere. There will be regular meetings 
of research ministers from participating 
countries, with a rotating chairmanship. 

The role foreseen for the European 
Commission 1s not the dominant one for 
which some in Brussels had been hoping. 
The Commission will participate in 
Eureka as if it were a government, but the 


charter forsees scope for “supportive 
measures” that the Commission may be 
able to provide. 

At next month’s meeting in Hannover, 
representatives will be asked to consider a 
number of specific projects for European 
collaboration, including the development 
of a 64-megabit. memory chip, micro- 
processors with operating cycle times 
measured in picoseconds and high-power 
industrial lasers. 

Meanwhile, it seems that the West Ger- 
man government is backing away from its 
earlier offer to make extra funds available 
for Eureka projects The finance minister, 
Gerhard Stoltenberg, has now made it 
plain that any such funds would have to 
come from the 1986 research budget 
(DM7,500 million for next year). But 
there are reports that West German re- 
search minister Heinz Riesenhuber has 
not yet abandoned hope of raising 
DMi,000 million to support Eureka 
during 1987-88. 

Elsewhere, France has committed 
FF1,000 milhon for Eureka but it is not 
clear how much of-the money is new, or 
simply relabelled. The:German view is 
close to the British government, which is 
insisting that Eureka projects should be 
supported either by the companies involv- 
ed or by the usual sources of venture 
capital. Anna Lubinska 





Eureka 


Avoiding the Esprit pitfalls 


Paris 

THE French view of European Commis- 
sion participation in their pet project 
Eureka, originally inspired by the chal- 
lenge of the US Strategic Defense Initia- 
‘tive (SDI or “star wars”), is that the 
Commission should enter only as another 
nation state, and not as an overall control- 
ling body. And now the French view 
seems to have prevailed (see above). 

Last week senior advisers of the French 
research minister, Hubert Curien, ex- 
plained their motives. “We had to avoid 
the sirens of Esprit”, the European re- 
search programme in information tech- 
nology established by Belgian Commis- 
sioner Etienne Davignon 2-3 years ago, 
they said. It seems the French have bad 
memories of the early days of Esprit. 
The Commission apparently proposed ‘a 
bureaucracy of some hundreds of officials 
to run it, and both Britain and France 
baulked at the prospect. After a struggle, 
the two countries established a “light” 
management structure, under which Esprit 
has had some “positive” results. 

It is just because of this success that the 
risk was great that Eureka would be drawn 
inexorably into the Brussels net, where ıt 


would not flourish. Eureka will have to. 


have å la carte project financing, partners 
outside the European Community, and is 
designed to produce commercially com- 
petitive projects, none of which is easy 
under the Treaty of Rome. Eureka must 
also be close to and highly responsive to 
industry. Esprit had shown some of these 
qualities, but it involved only pre- 
competitive research. However successful 
Esprit had been (for the latest assessment 
see page 661), the commercial qualities 

needed of Eureka put it in another class. 
As for the structure now proposed, in 
which nations will be able to play their 
own cards more vigorously than within the 
European Council of Ministers, this 
would not exaggerate national tensions 
and divergences they say in Paris. Rather 
each state brings its own views — leading 
to “extraordinarily rich” debate. Even the 
British view that Eureka must be market- 
led, in contrast to the French technology- 
pull approach, is a welcome contribution. 
But France is not intending to “short- 
circuit” the Community, Curien’s advisers 
insisted. Eureka needs a structure that 
derives from industry and is not imposed 
from above. This is an action in the 
Community’s interests, Paris officials say. 
Robert Walgate 
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A germ of an idea 


Parts 

“ARTIFICIAL SEEDS” are at the top of the 
French proposals in biotechnology for the 
Eureka high-technology collaboration 
programme, due to be discussed at min- 
isterial level in Hannover on 5-6 Novem- 
ber. According to Yves ‘Demarly, ‘the 
Orsay plant scientist who will lead the 
programme if it gains European support, 
the idea is to coat minute somatic plant 
embryos — embryos derived from cell cul- 
tures rather than seeds — with some pro- 
tective substance so that they could be dis- 
tributed just like seeds themselves. 

' The advantage is that it would be poss- 
ible to distribute clones of precise genetic 
content, as opposed to the relatively ran- 
dom genes of seeds, and to prepare. 
hybrids that could not be obtained classi- 
cally by sexual recombination. 

The embryos would have to be stabilized 
(at present they would last only a few days) 
and the coats would have to be designed to 
dissolve or otherwise disintegrate in the 
field. The coats could contain a food supp- 
ly, systems to protect the embryo against 
pathogens in the soil (such as antagonistic - 
bacteria or fungi), and “starter subst- 
ances” — plant hormones such as auxins 
and cytokinins. 

‘“We can already coat somatic embryos 
of lucerne [a legume] in a kind of jelly, and 
get 100 per cent germination”, Demarly 


Another mix-up at the 
lab! 
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says, but there is a long way to go before 
the concept could be made practical. But 
patents are already being taken out on 
artificial coatings in the United States, and 
France is beginning to see the danger to its 
seed companies, which have an extraordin- 
ary 10 per cent of the £20,000 million world 
seed market. Eureka’s role would be to 
establish and support a European develop- 
ment programme in the area. 

Already 30 companies have shown an 
interest in the project, including France’s 
largest- chemicals company Rhône- 
Poulenc, the principal French seed com- 
pany Limagrain and the Swiss phar- 
maceuticals giant Ciba-Geigy. With so 
many interested parties, it will be difficult 
to settle on a definite proposal in time for 
Hannover. Robert Walgate 
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Leprosy vaccine 


NEWS 


Large-scale trials begin i in India 


New Delhi 

THE first large-scale clinical trial of the 
anti-leprosy vaccine derived from arma- 
dillos will begin two months from now in 
India. This follows closely on the 
announcement of a’similar trial in Malawi 
(see Nature 316, 183; 1985). The vaccine 
has been developed under the aegis of the 
World Health Organization (WHO), but 
the Indian trial is being mounted by the 
Indian Council for Medical Research 
(ICMR). This international project will 
thus ‘take place soon after the clinical trial 
of the Indian anti-leprosy’ vaccine de- 
veloped at the Cancer Research Institute. 

The trial of the, WHO vaccine will be 
mounted, once the Drug Controller of In- 
dia has given formal clearance, in the 
Chingleput district of Tamil Nadu in south 
India. Both leprosy and tuberculosis are 
endemic among the 4 million people living 
there. The director-general of ICMR, Dr 
V. Ramalingaswami, says that the coun- 
cil’s Jalma Institute of Leprosy will be re- 
. sponsible for planning and carrying out 
the trial, and that ıt is hoped to vaccinate 
up to 300,000 apparently healthy contacts 
of leprosy patients. 

The first objective is to assess the 
prophylactic efficacy of the vaccine,: by 
comparing the vaccinated group with 
those among the population who are not 
vaccinated. There will also be a compari- 
son of the value of the WHO vaccine with 
and without accompanying  Bacille 
Calmette-Guérin (BCG). The groups in- 
volved will be followed for ten years. 

Ramalingaswami says that ICMR has 
agreed to test the vaccine only on condi- 
tion that WHO will also supply the tech- 
nology for manufacturing the vaccine 
locally. What this means is not clear, for 
ICMR does not have facilities for main- 
taining an armadillo colony. All but two of 
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The forming tail of Halley’s Coma, as seen 
from the 60-inch telescope at Palomar 
Observatory on 25 September. 





the sıx animals imported by the Jalma In- 
stitute of Leprosy’ four years ago have 
since died. It is believed that ICMR will 
import the Mycobacterium leprae har- 
vested from armadillos and set up, proces- 
sing facilities in India using the WHO 
technology. Meanwhile, vaccine for the 
Chingleput trial will be supplied by Bur- 
roughs Wellcome of Britain 

This may be the first time that India has 


‘insisted on technology transfer as a condi 


ion for testing a WHO product. In the 
past, many in India have complained that 
multinationals have tested their products 
under WHO auspices and have then ex- 
ploited the Indian market without offering 
price concessions or transferring, on easy 
terms, know-how for manufacturing the 
products. For the leprosy trial, ICMR has 
been under pressure to test the WHO vac- 
cine and had to choose between that and 
an Indian vaccine which has already com- 
pleted phase-I trial and been given clear- 
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ance from the toxicology angle by the 
Drug Controller. 

| Ramalingaswami said ICMR had de- 
cided to try both vaccines. A trial of the 
vaccine developed’ by the Cancer Re- 
search Institute (CRI) in Bombay was 
begun on 2 October (Mahatma Gandhi's 
birthday) at Wardha in central India. This 
vaccine is made from gammia-ray-inacti- 
vated cultivable mycobacterium (belong- 
ing to the M.avium group) isolated from 
human leproma and showing extensive 
cross-reactivity with M.leprae. The num- 
ber of people to be vaccinated in Wardha 
will be the same as in Chingleput. But the 
CRI vaccine will be given to leprosy 
patients as well as to contacts, for the 
phase I trial showed therapeutic potential 
as well as prophylactic effect. , 

India has four million leprosy cases — 
one-third of the world’s total —- and there 
are 300,000 new cases a year. ICMR saysit 
will be several years before the results of 
the two trials are known, so chemotherapy 
will continue to be the main plank for 
achieving India’s goal of eradicating 
leprosy by the year 2000. K.S. Jayaraman 


Emergency measures required 


Washington 

A CONGRESSIONAL committee has heard 
dire warnings that the national measure- 
ment system could face “total break- 
down” unless urgent steps are taken to 
reverse the decline of the National Bureau 
of Standards (NBS). Edward Nemeroff, 
president of Datron Instruments, told the 
House of Representatives’ science, re- 
search and technology subcommittee that 
many users of NBS’s calibration services 
were unable to meet the needs of their 
organizations because NBS could not pro- 
vide necessary measurement standards 
and services. 

To be fair to NBS, other witnesses cal- 
led to the special two-day hearing earlier 
this month on the future of NBS had kin- 
der things to say about the bureau’s work 


of developing and providing measurement : 


standards for industry in fields as different 
as microelectronics and fire safety. But 
the hearing provided a forum for growing 
concern that the Reagan administration’s 
perennial attempts to cut NBS’s budget 
(always partly restored by Congress) 
could seriously increase measurement 
costs for industry. Despite attempts in 
Congress earlier this year to add $20 mil- 
lion to the administration’s proposed $120 
million appropriation for NBS in fiscal 
year 1986 (which started 1 October), the 
figure is likely to end up at no more than 
the authorized $124-5 million — a de- 
crease in real terms, since the appropria- 
tion has hovered at $120 million for the 
past four years. The number of staff em- 
ployed at NBS — of whom a high propor- 
tion are scientists — has fallen by 16 per 
cent since 1980. 


Behind the unrest 1s the fact that NBS 
has sought to keep up with advances in 
technology within a shrinking budget by 
cutting back in more pedestrian areas. 
High priority targets for expansion ın- 
clude supercomputers; high performance 
ceramics (which will be shortly aided by a 
new cold neutron guide hall); optical elec- 
tronics; and biotechnology. In order to 
finance these new activities, consumer 
product measurements have been reduced 
and the administration has for each of the 
past four years proposed closing NBS’s 
building technology and fire research 
laboratories, so far without success. Even 
NBS’s director, Ernest Ambler, admitted 
that “we’ve got our backs to the wall”. 

NBS is currently administered by the 
Department of Commerce. One proposal 
that has surfaced many times in the past is 
that NBS should be found a more suitable 
home, perhaps with the National Science 
Foundation ın a new Department of Sci- 
ence and Technology. But Ambler shows 
little enthusiasm for the idea, and the 
Commerce Department is thought unlike- 
ly to want to surrender NBS, which 
accounts for a substantial fraction of its 
budget. Without President Reagan’s per- 
sonal support for the plan it now appears 
unlikely to go ahead And that, according 
to congressional staff, means there is no 
easy end ın sight for NBS’s tribulations: 
because it 1s classified with the Commerce 
Department, NBS is denied the influential 
support of the champions of scientific re- 
search and development in the Office of 
Management and Budget who have suc- 
cessfully defended the science budget in 
the past. Tim Beardsley 
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CORRESPONDENCE 


New Zealand ‘aaah 


Srr—My vain wait for responses to your 
recent survey of science in Australasia 
(Nature 316, 185; 1985) from more senior 
New Zealand academics than I suggests 
that the “philosophical resignation” 
perceived amongst scientists in the New 
Zealand university research community is 
widespread. Alternatively; the 37 per cent 
salary raise for senior staff announced last 
week has pacified those who might be 
“furious about their current situation”. 
Whatever the reasons for the silence in 
spite of the printed inaccuracies in re- 
search.and development funding which 
have since been corrected (Nature 316, 
668; 1985), I wish to correct two other 
errors and add my own perinyworth on the 
vexed subject of research funding in New 
Zealand universities. 

First, the daily subsistence for New 
Zealand academics on sabbatical leave 
was reported to be NZ$20, when ın fact at 
this university it ıs NZ$50. Even so, the 
maximum single leave allowance equiva- 
lent to £2,050 is inadequate. 

Next, one government research body 
was conspicuously absent from the 
schematic representation of New Zea- 
land’s scientific hierarchy — the Wildlife 
Service of the Department of Internation- 
al Affairs. Although only a dozen scien- 
tists are involved, they have rescued criti- 
cally endangered avian species‘from the 
brink of extinction and: are. highly re- 
spected in this country. As of April 1986, 
the Wildlife Service and several other de- 
partmental groups of biologists will be re- 
deployed in a new Conservation Depart- 
ment. 
` This recently announced move has been 
debated for months and has important 
ramifications for future ecological re- 
search in this country. Although Nature’s 
survey was “necessarily incomplete”, the 
lack of any reference to a proposal to 


amalgamate 800 scientific and support 


staff from at least four existing depart- 
ments into one unit with a conservation 
mandate surprised me. 

Finally, I reyect the idea that the too- 
even distributions of funds which pro- 
hibits New Zealand universities from, for 
example, buying large items of equip- 
ment, is the fault of the ‘ ‘cosy three wise 
men” from the University Grants Com- 
mittee who review applications for finan- 
cial support, and that the cure lies in a 
“stiff dose of competitive peer review”. 
The implied paternalism is nonexistent in 
my short experience. 

The real problem lies in the distribution 
of resources within a university, rather 
than between them. Annual. requests for 


equipment funding are ranked by the 


heads of the departments, and then within 
the university by a subcommittee of the 
Research Committee, according to un- 
known criteria. The paradox is that while 
a behavioural ecologist like myself can 


readily obtain modest funds for gear but 
not for field assistance or ‘vehicle ex- 
penses, laboratory researchers seemingly 
enjoy a superfluity of technicians but are 
unable to purchase expensive machines 
with which to occupy them! Even when-I 


, sought “contentment in an external source 


of funds” amounting ın total to four times 
the 1984 maintenance grant for this de- 
partment, ıt was impossible to judge 
whether the nebulous criteria for promo- 


tion had been satisfied and in the absence |. 


of peer review, whether anything other 
than my age relative to my Saary was con- 
sidered. 

The isolation of New Zealand from the 
rest of the world so eloquently illustrated 
on your cover (Nature 18 July) is not the 
most immediate problem facing university 
researchers here. 

CLARE VELTMAN 
Department of Botany and Zoology, 
Massey University, 
Palmerston North, 
New Zealand 


SCOPE response 
Sır—Yoùr issue of 19 September (p.189) 
gave accounts of the SCOPE report made 
in Washıngton'on the environmental 
effects of nuclear war. Last year (Nature 
312, 696; 1984) you criticized SCOPE for 
discussing moral issues with religious lead- 
ers in Bellagio. Your editorial now criti- 
cizes our lack of courage in facing the 
political implications. They were not in 
our terms of reference and I could not 
have brought this technical study to an end 
in two years if policy had to be discussed 
with a steering committee of French, 
Swedish, Dutch, Indian, Russian, 
Japanese, American and British repre- 
sentatives of their national academies and 
with the 300 scientists who volunteered to 
work. l 

To comė to conclusions on climatic 
effects, we concentrated on smoke and 
attempted to make estimates independent 
of scenarios on nuclear exchange. In this 
way, 100 major cities burnt would give 
enough smoke and require only a limited 
number of weapons in a counter-value ex- 
change, not the 6,000 MT yield from total 
exchange of 13 000 MT in the arsenals. 
The figure for yield had to be used for the 
new fallout and unshielded dose calcula- 
tions which revise. those Glasstone and 
Dolan made in 1977. 

We did comment on small exchanges in 
discussing the effect of single bursts at 25- 
50 km altitude on communications 
through the electromagnetic pulse 
(EMP), and the volume on Biological and 
Agricultural Effects avoids reliance on 
major exchange scenarios by concentrat- 
ing on small stresses. 

Should we have spelled out more clearly 
that a nucléar attack on major cities and 


“is translated into Russian, 


~_ 
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industrial installations could rebound on 
the attacker and non-combatants? When 
the report is published later this year, and 
Japanese, 
Chinese, French, and possibly German, it 
may be used in many ways to support 
different standpoints. We had hoped by 
holding workshops in Sweden, India, 
England, Soviet Union (including Esto- 
nia), Italy, the Netherlands, France, 
Japan, Canada, Venezuela, Australia and 
the United States (and you have credited 
SCOPE with openness in this) that one- 
sided use would be minimized. 
FREDERICK WARNER 
(Chairman, SCOPE) 
Denartment of Chemistry, 
Essex University, 
Wivenhoe Park, 
Colchester C04 3SQ, UK 


PhD theses 


Sir—] agree with Beverley Halstead (Na- 
ture 29 August, p. 763) that the PhD ex- 
amination needs to be reformed. Having 
examined more than 50 candidates over 
many years, I have found theses get longer 
and more material remains unpublished. 
Twenty years ago I wrote several arti- 
cles (in Biologist and elsewhere) suggest- 
ing that the thesis in its existing form be 
abolished and that candidates should sub- 
mit published work or (where gaps in re- 
sults still existed) in the form required for 
a named journal. This would at least teach 
the candidate to read the instructions.of 


‘the journal, something that many scien- 


tists of standing still do not do. 

Students need to learn to use the litera- 
ture. Much of most theses consists of 
material dragged in from the margins of 
the subject, to impress the examiner. I 
suggested that a separate literature re- 


_ view, on a topic wider than the research, 


on the lines of Biological Reviews, might 
be useful. 

For what it is worth, my own PhD thesis 
consisted simply of a reprint of a 14-page 
paper published in the Proceedings of the 
Royal Society. 

KENNETH MELLANBY 
Hill Farm, 
Wennington, 
Huntingdon PEI72LU, UK 


‘Avoiding AIDS 


Sir—Your editorial on AIDS (acquired 
immune deficiency syndrome) and the: 
public anxiety about it assiduously avoids 
the main point. 

Aside from the risk ‘associated with 
being given certain blood products, 1f you 
are not promiscuous, you will not get 
AIDS. 

Has chastity replaced death as the great 
unmentionable? 
IAN DAVIDSON 
Weyn, , 
28 Dartnell Park Road, 


West Byfleet, Surrey KT146PU, UK 
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Electron gases make their mark 


This year’s Nobel Prize for Physics is awarded to Dr Klaus von Klitzing for his work on the quantum 
Hall effect. The development is an important pointer to a field of physics still poorly understood. 


PROFESSOR Klaus von Klitzing, director 
of the Max Planck institute of solid state 
physics at Stuttgart, said earlier this week 
that he hoped ıt would not be another 22 
years before a West German won a Nobel 
Prize. Modestly. he was referring to the 
prize awarded that long ago to the Munich 
physicist Mossbauer for the discovery that 
still bears his name, and to the substantial 
investment in basic science by the West 
German government over recent decades 
Most observers expect von Klitzing’s hope 
to be fulfilled. 

As with Mossbauer’s work, the import- 
ance of von Klitzing’s research has been 
quickly recognized His first published 
article on what is now called the quantized 
Hall effect (with G. Dorda of the Siemens 
research laboratory at Munich and M. 
Pepper of the Cavendish Laboratory, 
Cambridge) appeared only in 1980 (Phys. 
Rev. Lett. 45, 494; 1980). The objective 
then was to devise an accurate determina- 
tion of the fine-structure constant (Aie, 
where A% is Planck’s constant and e the 
electric charge of the electron) in terms of 
a standard of electrical resistance As 
things are turning out, it seems just as 
likely that von Klitzing’s original experi- 
ment may be used the other way around, 
to provide convenient and portable stan- 
dards of electrical resistance that can be 
-directly related to fundamental constants. 

The essential novelty of the quantum 
Hall effect is that it is one of the compli- 
cated series of phenomena observed in the 
now fashionable “two-dimensional elec- 
tron gases”, the planar layers of essential- 
ly free electrons that are inferred to exist 
most simply at the boundaries between, 
say, the semiconductors GaAs and 
GaAlAs when these are grown together 
epitaxially to form a heterostructure. 
They also occur in an oxide layer sand- 
wiched between a metal and a semicon- 
ductor. : 

These two-dimensional systems are 
now all the rage. The population of elec- 
trons in the transition plane can be deter- 
mined at will by suitably biasing the two 


poles of the device. The particular interest j 


of von Klitzing’s work is that it exploits the 
way in which, in strong magnetic fields 
perpendicular to the plane of the two- 
dimensional electron gas, the cyclotron 
motion of the electrons is quantized; only 
specified states of motion are allowed. 
The analogy with the classical Hall 
effect is skin-deep only. That phe- 
nomenon is most simply that by which a 


magnetic field perpendicular to an elec- 
trical current flowing in a conductor will 
excite an electrical voltage in the direction 
at right angles to the field and to the cur- 
rent. Most simply, the Hall effect is a 
direct prediction of Maxwell’s equations: 
alternatively, in baby-talk, it isa reflection 
of the tendency for electrons moving at 
right angles to a magnetic field to be de- 
flected into cyclotron orbits which, being 
disallowed, shows up as an electrical 
potential across the conductor. 

For practical purposes, the Hall voltage 
is classically proportional to the external 
magnetic field. The phenomenon is a con- 
venient way of studying the properties of 
electrons in metals and semiconductors. It 
is, for example the standard way of deter- 
mining electron mobility. Given the general 
ambition now to make a practical device 
of more or less any physical phenomenon, 
the classical Hall effect is potentially a 
means by which external magnetic fields 
might be used (without physical contacts) 
for generating transverse voltages in 
current-carrying conductors so as to make 
novel kinds of switches for applications 
not yet identified. 

The quantum analogue of the classical 
Hall effect owes much to the work of the 
Soviet physicist Landau, who was the first 
to show that the motion of electrons con- 
strained to move in a plane would be 
quantized in the presence of a perpendicu- 
lar magnetic field. This leads to the con- 
clusion that the Hall conductance (the 
ratio of current to transverse voltage) 
should itself be a multiple of the fine struc- 
ture constant. (The simple expectation is 
that the Hall conductivity should be an 
integral multiple of the inverse of the fine- 
structure constant ) 

Making these phenomena susceptible 
to observation has been a technical 
triumph of the first order. Liquid helium 
temperatures are unavoidable, Very high 
magnetic fields (20 tesla or more) are 
usually necessary but, given the need for 
liquid helium anyway, may conveniently 
be provided by superconductors. 

Von Klitzing’s original measurement of 
the fine-structure constant in terms of a 
known resistance, repeated many times 
since 1980, has now beén shown to be 
capable of an accuracy of a few parts in 
10,000 million, although the present state 
of the measurements is limited by the 
accuracy with which the fundamental con- 
stants are known. But the availability of a 
system of measurement of such potential 


precision, greater even than that so far 
demonstrated for Josephson junctions, 
will hasten the day when it becomes pru- 
dent to fix the value of some composite 
constant, such as the fine-structure con- 
stant, and to allow the unit of electrical 
resistance to be fixed in terms only of 
atomic quantities such as these. 

This is the promise offered when the 
quantum Hall effect was in tts infancy. 
Since then, a great many surprises have 
made the field even more intriguing. Not 
the least has been the discovery that the 
Landau levels are not always simply quan- 
tized, but that the quantum numbers may 
be fractional rather than integral (or that a 
two-dimensional electron gas at low 
temperatures may behave as if tt were 
made of particles with fractional electrical 
charge). 

Nobody seriously suggests that physics 
is being turned on ts head in ways like 
these. Rather, the inference is that the 
fractional quantization of the two- 
dimensional electron gas is a measure of 
collective mofions that are themselves 
quantized. In other words, the systems 
behave as if they were two-dimensional 
quantum liquids — whence the discovery 
that, under sufficiently extreme condi- 
tions, the liquid may be crystallized. 

For the immediate future, the absorb- 
ing interest is to find a better understand- 
ing of the behaviour of these previously 
unknown electronic structures. The 
theoreticians have much to do, but the 
recognition that there are close similar- 
ities with at least some models of super- 
conductivity is obviously a challenge. 
Meanwhile, the experimentalists are 
doing what they can to determine the 
structure of electronic states in these two- 
dimensional structures. 

Ultimately, no doubt, there will be de- 
vices as well. Perhaps the most hopeful 
direction in which to look for these is that 
the population of electrons in the two- 
dimensional layer can so easily be altered 
by suitable adjustment of-the electrical 
bias of the system, suggesting means by 
which conduction in the plane of the layer 
may be disproportionately affected. But 
despite the tradition that a phenomenon 
that does not lend itself to the construction 
of a laser is almost certain to make a tran- 
sistor of some kind, these are early days 
for that train of speculation. What von 
Klitzing has done is to open up a whole 
stack of phenomena whose explanations 
are still incomplete. John Maddox 


Plant breeding 





Engineering herbicide resistance 


from Robert Shields 


One of the much-vaunted targets for 
genetic engineering m agriculture has 
been the production of herbicide-resistant 
plants To be useful, herbicides must be 
selective, that is they must kill plants but 
not animals, and weeds but not the crop 
There are many problems n achieving the 
second objective, so it is not surprising 
that several agrochemical companies are 
looking to genetic engineering to produce 
herbicide-resistant crop plants On page 
741 of this issue’, Comai et al show that 
this prospect is not just an idle dream 

It ıs relatively easy to produce herbi- 
cides selective for plants Many in current 
use affect functions unique to plants atra- 
zine and diuron interfere with photosynth- 
esis, and glyphosate, the sulphonylureas 
and imidazolinones block the synthesis of 
essential amino acids. But crop plants 
share these processes with weeds, so crop 
plants must be protected in other ways, for 
example through differential uptake and 
metabolism of the herbicide by the crop 
and weed or by careful choice of the time 
and site of herbicide application. The dif- 
ferential sensitivity of plants to herbicides 
can cause problems. For instance, atra- 
zine is an effective herbicide for use with 
maize, which can detoxify the compound, 
but residues remaining in the soil cause 
problems when maize ıs rotated with the 
more sensitive soybean. If soybean could 
be made atrazine resistant. the problem 
would be avoided Other broader spec- 
trum herbicides such as glyphosate are 
rapidly broken down by soil micro- 
organisms, so sor] residues are less of a 
problem, but glyphosate is indiscriminate 
in the plant attacked. If selected plants 
could be made glyphosate resistant then 
this herbicide could have wider applications 
—- and higher sales. 

Coma: and colleagues started from the 
observation that the enzyme 5-enol- 
pyruvylshikimate-3-phosphate synthase 
(EPSP synthase). an enzyme involved in 
aromatic amino acid synthesis, ıs the in 
vivo target for glyphosate ın bacteria, and 
then selected glyphosate-resistant strains 
of Salmonella typhimurium. Some of 
these bacteria contained the gene coding 
for a resistant version of EPSP synthase 
The mutant form of the enzyme differs 
from the wild type by a single amino acid 
The coding region of the resistant bacter- 
ial EPSP synthase was hooked up to eu- 
karyotic promoter and poly (A) addition 
sequences derived from the T regions of 
agrobacteria and the resulting chimaeric 
constructs recombined into the T, region 
of Agrobacterium rhizogenes, which is the 
causative agent of ‘hairy root’ disease 
Like the better studied tumour-forming 
species A tumefaciens, to which it is re- 


lated, A. rhtzogenes contains a large plas- 
mid The transferred (T) region of this 
root-inducing (Rt) plasmid contains genes 
with eukaryotic transcription signals and 
is transferred to the plant, where it is 
stably incorporated in nuclear DNA The 
strain of A rluzogenes used ın these ex- 
periments has two T DNA regions ın its Ru 
plasmid (termed T, and T,,), which are 
independently transferred to the plant 
Genes in both the T, and T, region prom- 
ote root formation in transformed plant 
tissue; genes in the T, region are respon- 
sible for the extreme hairy phenotype. 
The advantage of A rhizogenes over A. 
tumefaciens 1s that it 1s relatively easy to 
regenerate plants from ‘hairy roots’, 
whereas plants can only be regenerated 
from A tumefaciens-transformed tissues 
if the tumour genes have previously been 
mutated or deleted 

In the experiments reported by Comai 
etal.,astrainofA rhizogenes carrying the 
chimaeric EPSP synthase in their Ri plas- 
mids was used to infect tobacco leaf disks 
and the resulting roots were regenerated 
into plants. The resistant EPSP gene 
inserted into the plant genome was 
correctly transcribed and translated, so 
that the regenerated plants were resistant 
to glyphosate, with the degree of 
tolerance depending on the level of EPSP 
synthase expression. So these experi- 
ments show that it is indeed possible to 
transfer herbicide resistance into a 
previously sensitive plant 

One intriguing aspect of these results is 
that plant amino-acid biosynthesis is con- 
ducted by enzymes encoded by nuclear 
genes that function in the chloroplast, 
whereas the transferred resistant EPSP 
synthase works in the cytoplasm Presum- 
ably the chloroplast is permeable to the 
precursors and products of the synthase. It 
would be interesting to know if higher 
levels of herbicide tolerance could be 
achieved if the resistant enzyme were 
directed into the chloroplast where the 
sensitive plant enzyme resides. 

Recent experiments have shown that it 
is indeed possible to transfer foreign pro- 
teins encoded in the nucleus to chloro- 
plasts if the proteins are linked to 
chloroplast-specific transit peptides’. In 
these experiments the bacterial enzyme, 
neomycin phosphotransferase (npt-II), 
was transferred to chloroplasts of plants 
transformed by Agrobacterium vectors 
carrying the npill gene in a chimaeric con- 
struct with the transit sequence from the 
gene for the small subunit of ribulose bis- 
phosphate carboxylase. These experi- 
ments are of great practical importance 
for the engimeering of herbicide resistant 
crops. Several herbicides besides glypho- 
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sate block chloroplast-located amino acid 
biosynthesis, for instance, the very broad 
spectrum sulphonylurea herbicides inter- 
fere with acetolactate synthase (ALS), the 
first enzyme in the biosynthetic pathway 
of branched-chain amino acids Genes 
coding for a resistant version of ALS have 
been located ın yeasts and it should now 
be a relatively straightforward matter to 
transfer them to plants. 

A bigger challenge for the genetic en- 
gineers 1s provided by the herbicides such 
as atrazine and the chemically unrelated 
diuron that interfere with the binding of 
plastoquinone to the Q, protein, part of 
the photosystem II complex. The Q, pro- 
tein ıs encoded by chloroplast DNA and is 
firmly anchored in the thylakoid mem- 
brane of that organelle Plants and a num- 
ber of microorganisms have been found 
that are resistant to atrazine, and a recent 
report describes the cloning of a gene 
coding for diuron-resistant Q, protein 
from a cyanobactenum’. The atrazine- 
and diuron-resistant Q, proteins from a 
number of sources differ from the wild 
type by a single ammo-acid substitution at 
the same place in the protein chain 
Would ıt be possible to engineer atrazine 
and diuron resistance in plants by 
expressing chimaeric genes encoded in the 
nucleus that code for a mutant Q, protein 
linked to a chloroplast transit peptide? 
Problems could arise with such a strategy 
because the extremely hydrophobic 
nature of the Q, protein might prevent 
transport across the chloroplast mem- 
brane, even if a suitable transit peptide 
were provided. 

A more exciting prospect comes from 
the observation that Agrobacterium- 
based vectors are capable of transferring 
and integrating DNA into the chloroplast 
as well as the nuclear genome’. If such 
genes were linked to chloroplast-specific 
promoters and possibly regions of homol- 
ogy with chloroplast DNA, it might prove 
possible to direct genes into specific places 
in the chloroplast genome It might even 
be possible, by designing a suitable vector, 
to replace the genes that encode normal 
Q, proteins by cloned genes for herbicide- 
resistant Q, proteins 

A more down to earth problem is that 
gene transfer systems based on agrobac- 
teria are available for a narrow range of 
dicotyledenous plants As yet no trans- 
formation system exists for major mono- 
cot crop plants such as the cereals (but see 
ref. 6). So the challenge for the future is to 
find ways of genetically engineering these 
crops or to persuade the public and 
animals to forego the delights of cereals 
and eat tobacco and petunia instead C 
1 Comm L eral Nature 317,741 (1985) 

2 Vanden Broek G eral Nature 313, 358 (1985) 
3 Schreier PH etal EMBOJ 4,25 (1985) 
: Golden. S S & Haselkom R Science 229, 1164 (1985) 


de Bloch M eral EMBOJ 4, 1367 (1985) 
& Jones MG K Nemre New and Views 317, 579 (1985) 


Robert Sineids ıs at Unilever Research, 
Sharnbrook, Bedford MK441LQ, UK 
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Relationships between reptiles 


from T.S. Kemp 


PALAEONTOLOGY has come under im- 
creasing criticism because of the alleged 
lack of objectivity and ngour. The emerg- 
ence of cladistic analysis —- a taxonomic 
theory that aims to provide an objective 
basic for recognizing relationships be- 
tween organisms — has been an important 
development but one that ıs not yet 
accepted by all palaeontologists. More- 
over, evolutionary scenarios about how and 
why particular transitions occurred are fre- 
quently dismissed as no more than specula- 
tive story-telling of no scientific value. It is 
interesting to look at two important recent 
papers on fossil reptiles (Carroll, R.L 

and Gaskill, P. Phil Trans. R Soc B309, 
343; Chatterjee, S :bıd, 395) in the light of 
such attacks. Both are written in the tradi- 
tional mould of palaeontology, with de- 
tailed anatomical description, discussion 
of evolutionary relationships that include 
recognition of ancestry but not formal cla- 
distic analysis, and interpretation of func- 
tional anatomy and evolution. 

Carroll and Gaskill have described a 
species of a marine reptile from the 
Middle Triassic of Italy, a member of the 
Nothosauria. Nothosaurs are generally 
smaller, much more primitive and earher 
than the more familiar marine reptile 
group of the Mesozoic, the plesiosaurs, 
and for many years it has been assumed 
that nothosaurs are the ancestors or at 
least the closest known relatives of the 
plesiosaurs. One of the authors’ main pur- 
poses in this paper ts to use the structure of 
nothosaurs to elucidate the origin of the 
highly specialized locomotory mechanism 
of plesiosaurs. 

The nothosaurs have a long trunk, limbs 
that are reduced ın size but are still basic- 
ally recognizable as tetrapod and a power- 
fully built tail. By analogy with modern 
aquatic reptiles such as crocodiles and 
certain iguanid lizards, the authors sug- 
gest that the basic swimming action consis- 
ted of lateral undulations of the tail and 
trunk, and the limbs were only for steer- 
ing. The shoulder girdle of nothosaurs is 
surprisingly robust, however, so they pro- 
pose that the animal could also move on 
land, by dragging its body forwards using 
the forelimbs — analogous to the terres- 
trial locomotion of sea lions. 

Plesiosaur limbs, both fore and hind, 
are much larger, although they are more 
modified from the basic reptilian type. 
The trunk 1s shorter and apparently fairly 
rigid, and the tail is weak. Carroll and 
Gaskill's evolutionary scenario ıs, there- 
fore, that the limbs and girdles of a notho- 
saur-like animal continued to strengthen 
and enlarge until they could produce 
locomotory thrust in water, and the 
need for lateral undulation of the trunk 


and tail was lost 

Possible. perhaps plaustble, as the hypo- 
thesis is. we must ask whether it has real 
scientific value. Certainly this functional 
analysis of locomotion in the nothosaurs, 
based on a combination of analogy with 
living reptiles and interpretation of the 
design features, is potentially testable: 
demonstration of features mechanically 
incompatible with the hypothesis would 
effectively refute it. 

More dubious ıs the hypothesis that 
nothosaurs represent a stage in the evolu- 
tion of the plesiosaurs Nothosaurs and 
plesiosaurs possess a series of apparently 
derived characters in common, indicating 
a sister-group relationship, a conclusion 
reinforced in this account. It cannot be 
assumed that where nothosaurs differ 
from plesiosaurs, the nothosaur charact- 
ers show the ancestral condition This 
must be positively demonstrated by com- 
parison with an unrelated outgroup, pre- 
sumably of other reptiles It emerges from 
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scientifically valid. Palaeontology will al- 
ways have to be satisfied with relatively 
weakly corroborated hypotheses of evolu- 
tionary processes, but this is better than 
eschewing such hypotheses altogether, as 
those that criticize scenarios seem to wish. 

Chatterjee’s contribution concerns 
some very well preserved specimens of an 
archosaurian reptile from the Late 
Triassic of Texas. Postosuchus 1s a large 
rauisuchtan thecodont, some 4 metres 
long including the tail and standing about 
2 metres high. The rauisuchians have only 
relatively recently been understood as a 
group of large carnivores that pre-dated 
the carnivorous dinosaurs Indeed, much 
of the confusion arose from the musinter- 
pretation of fragments of rauisuchian 
skeletons as those of true dinosaurs (see 
Benton, M Nature 310, 101, 1984). It 1s 
now clear that the group thrived during 
the Triassic but was replaced by the carn- 
ivorous dinosaurs at the end of that per- 
10d. Postosuchus belongs in the family 
Popposauridae, which contains forms that 
seem to have paralleled the dinosurs in 
certain respects, such as becoming 
facultatively bipedal. 

Chatterjee’s most controversial conclus- 
ion comes from his comparison between 
Postosuchus and the tyrannosauran 
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Reconstructed skeleton of the nothosaur Pachypleurosaurus edwardsi 


Carroll and Gaskill’s account that in the 
postcranial skeleton, the only obviously 
Shared derived character ts the general 
arrangement of the shoulder girdle, and 
even here the similarity is not very close 
Therefore, an equally plausible scenanio is 
that the reduced size of the limbs, long 
trunk and powerful tail of nothosaurs are 
independent specializations — the com- 
mon ancestor of this group and plesio- 
saurs would have been much less modi- 
fied from normal reptiles than supposed. 
Indeed, a third possibility is that notho- 
saur locomotion evolved from a pnmifive 
version of plesiosaur locomotion. Because 
Carroll and Gaskill have selected one 
story from several equally unsupported 
possibilities, their choice may be accused 
of a lack of objectivity. 

This criticism may be too restrictive to 
be fair Their particular hypothesis does 
imply the potential existence, as fossils, of 
certain specifiable anatomical forms. 
Although a hypothesis cannot be refuted 
directly because of the failure to find par- 
ticular kinds of fossils, the relative amount 
of evidential support for ıt may be reduced 
by the discovery of fossils consistent with 
an alternative hypothesis For this reason 
scenarios of this kind can be regarded as 
properly scientific, although with the re- 
servation that support for them ıs fairly 
weak It 1s all too easy to demand that the 
level of evidence supporting a hypothesis 
be raised before it can be accepted as 


dinosaurs of the Cretaceous. He finds a 


_number of similarities which lead him to 


suggest a close relationship between the 
two groups, to the exclusion of all other 
dinosaurs. This implies that tyrannosaurs 
evolved independently of other dinosaurs 
and flatly contradicts the growing belief 
that dinosaurs are, after all, a monophy- 
letic group within the archosaurs (Benton, 
M. Nature 312, 599; 1984). Chatterjee lists 
28 ‘diagnostic’ characters shared between 
Postosuchus and Tyrannosaurus. Because 
he has not approached the problem clad- 
istically, however, it ıs not clear which of 
these points of similanty are probably 
primitive (plesromorphic), which can be 
suspected of convergence, and which are 
good candidates for synapomorphy and 
can be regarded as proper evidence for a 
cladistic relationship. It ts therefore ım- 
possibile to evaluate the quantity or quality 
of the evidence ın support of his new hypo- 
thesis of relationships, short of re-doing 
the whole taxonomic exercise 

Nothing could illustrate more clearly 
the need for mgorous cladistic methods of 
analysis and expression than a paper such 
as this. The time has surely come when it ts 
the application of non-cladist methodol- 
ogy that requires explicit justification, 
making cladism the normal procedure O 
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Cosmology 


More missing matter mystery 


from Carlos Frenk and Sumon White 


THE missing mass and galaxy formation 
were the subjects of two major con- 
ferences this summer. It may seem re- 
markable that a five-day symposium could 
be devoted to objects that have never 
been seen and whose mass is uncertain by 
76 orders of magnitude. There is now a 
consensus, however, that most of the 
material content of the Universe 1s as yet 
unidentified and astronomers are under- 
standably anxious to clarify its nature. It is 
also generally agreed that this dark matter 
plays a key role in forming the structures 
we see The symposium’, held at Prince- 
ton, addressed the problem of the exist- 
ence, abundance, location and nature of 
the dark matter; a related meeting’, con- 
nected with the inauguration of the new 
Canadian Institute for Theoretical Astro- 
physics (CITA), focused more specifically 
on galaxy formation 

Observational evidence for the pres- 
ence of unseen matter in a variety of 
astronomical systems was extensively dis- 
cussed in Princeton J Bahcall (Institute 
for Advanced Study, Princeton) summar- 
zed his dynamical measurements of the 
local mass density and concluded that only 
half the mass in the Solar neighborhood 
could be accounted for by known objects. 
On larger scales, gas motions in spiral 
galaxies provide unequivocal evidence 
that these galaxies are surrounded by 
haloes of dark matter. Careful modelling 
presented by K Freeman (Mt Stromlo 
Observatory) and R. Sancis: (Gronin- 
gen) showed that the observed rotation 
curves in a number of disk systems are not 
consistent with the mass being distributed 
in the same way as the light; the maximum 
mass per unit light allowed by rotation 
velocities in the inner disk implies a total 
disk mass only 15 to 25 per cent of that 
required to explain velocities in the outer 
regions. As pointed out by V Rubin 
(Carnegie Institution of Washington), 
mass distributions can be very similar in 
galaxies of quite different morphological 
appearance. Dark haloes around elliptical 
and dwarf galaxies are harder to detect be- 
cause of the lack of suitable dynamical 
tracers. According to C. Canizares (Mass- 
achusetts Institute of Technology) the X- 
ray data on hot gas surrounding ellipticals 
are not yet conclusive except in a few 
special cases like M87. J. Kormendy 
(Dominion Astrophysical Observatory) 
showed an example of a very faint spiral 
which appears to have a dark halo, and M. 
Aaronson (Steward Observatory) pre- 
sented new data on the masses of dwarf 
spheroidals. The velocity dispersions of 
the faintest such systems stil] appear to 
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imply the presence of dark matter. On 
larger scales there has been httle change in 
the perceived situation despite the sub- 
stantial increase in available data over the 
last decade; as reviewed by M. Davis 
(Berkeley) and J. Ostriker (Princeton), 
there ıs now general agreement that the 
total masses of groups and clusters of gala- 
xles are about ten times that of the galax- 
1es they contain In one new development, 
M. Davis and A Yahil (Stony Brook) 
used infrared data from the IRAS satellite 
to estimate the gravitational force exerted 
on the Milky Way by surrounding galax- 
ies; assuming that matter distributed like 
the IRAS galaxies ıs responsible for our 
motion relative to the microwave back- 
ground, Yahil estimates that this matter 
contributes 60 per cent of the cosmic 
closure density. 

After consideration of the many con- 
straints, M, Rees (Cambridge) identified 
three plausible classes of dark matter 
candidates: planet-like bodies, massive 
black holes and exotic forms of matter. If 
all galaxies are associated with as much 
dark matter as the galaxies in clusters, the 
dark matter would contribute about 10 
per cent of the density required to close 
the Universe As J. Audouze (Institute 
d'Astrophysique de Paris) stressed, this 1s 
roughly the baryon density needed to 
form the observed abundance of light ele- 
ments in the Big Bang. J Bahcall argued 
that the local missing mass, at least, must 
be baryonic since it has settled into a disk. 
According to A. Fabian (Cambridge) 
large amounts of dark matter may pre- 
sently be forming from the X-ray emitting 
gas in rich galaxy clusters; up to 500 solar 
masses per year seems to be condensing 
out of the cooling flows in these systems. 
Current models for the early Universe 
have, however, reinforced the old pre- 
judice that the Universe 1s flat; this would 
require most of its content to be non- 
baryonic and to be more smoothly distri- 
buted than the galaxies. The many exotic 
candidates suggested by theoreticians 
were discussed by M. Turner (Chicago). 
They include massive neutrinos, axions, 
supersymmetric partners of known par- 
ticles, quark nuggets and shadow matter. 
Experiments designed to detect these 
objects were among the most exciting 
ideas discussed at Princeton. 

Limits on optical and infrared emission 
from dark haloes, reported by P. van der 
Kruit (Leiden), can now exclude any 
significant population of main-sequence 
stars Planet-like objects are not ex- 
cluded, but although IRAS could detect 
them ın the Solar neighbourhood, accord- 
ing to F. Low (Steward Observatory), no 
good candidates have been found so far. 
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The structure of dark haloes affects the 
shape of the galaxies they contain and the 
way they act as lenses for background 
quasars J. Binney (Oxford) showed that 
triaxial haloes might produce warps and 
asymmetries in disks, while J.R. Gott III 
and E Turner (Princeton) noted difficul- 
ues in interpreting the observed lenses 
and pointed out that scintillation effects 
could distinguish haloes made of stellar 
mass objects from haloes made of 
elementary particles. In standard cosmo- 
logical models, different elementary partı- 
cle candidates for the dark matter lead to 
different predictions for fluctuations in 
the microwave background and for the 
morphology of the large-scale galaxy dis- 
tribution. V. Lukash (Moscow) reported 
new limits on background anisotropies 
from the Soviet RELIC satellite, and 
claimed that these and similar data rule 
out the standard neutrmo- and baryon- 
dominated cosmologies Massive neutri- 
nos also give rise to large structures which 
are unlike any observed, as shown by the 
N-body simulations presented by S. White 
(Steward Observatory) White argued in- 
stead that a flat universe dominated by 
cold dark matter (particles such as axions, 
photinos or gravitinos) would form ob- 
jects with the observed properties of 
galaxy haloes and galaxy clusters 

The formation of galaxies and therr 
haloes was the mam topic at Toronto. 
Rees emphasized that, although the cold 
dark-matter cosmology 1s by no means 
firmly established, it provides an attrac- 
tive arena for galaxy formation. The 
formation of haloes in a cold dark-matter 
universe was discussed by S. White who 
sketched out a picture for the ongin of the 
Hubble sequence of galaxy morphologies: 
spirals form by slow accretion of a disk in 
an isolated halo, whereas ellipticals are 
produced by mergers. Disk formation in 
this context was shown by J. Gunn (Prince- 
ton) to reproduce the observed photo- 
metric and kinematic properties of spirals. 
These models avoid explicit discussion of 
radiative and hydrodynamical energy in- 
jection during galaxy formation; Ostnker 
cautioned that such processes are likely to 
be important and could be responsible for 
forming much of the observed small-scale 
structure. In a cold dark-matter universe, 
feedback of this kind might result in the 
preferential formation of galaxies in the 
densest regions. Rees stressed that such a 
bias would cause analyses of galaxy clus- 
tering to give the erroneous impression 
that the Universe 1s open, even if it 1s, in 
fact, flat. 

The attraction of the flat cold dark-mat- 
ter model was not universally accepted. In 
particular, P.J E. Peebles (Princeton) felt 
that the weight of present evidence fav- 
Ours an open universe, and that the co- 
herence of the galaxy distribution on very 
large scales may require a non-gaussian 
distribution of initial fluctuations. P. 
Schechter (Mount Wilson and Las Camp- 
anas Observatory) pointed out that the 
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efticiency of merging in a cold dark-matter 
universe might make it very difficult to 
form long-lived clusters of independent 
galaxies Furthermore. galaxy formation 
in such a universe is expected to have oc- 
curred very recently; according to L 
Cowie (Space Telescope Science Insti- 
tute). present upper limits from searches 
for protogalaxies make it implausible that 
most galaxies formed more recently than a 
redshift of 6 In addition. observations of 
galaxies at high redshift, as summarized 
by R. Ellis (Durham). show httle evidence 
for strong evolution 

An archaeological approach to the 
study of galaxy formation was advocated 
by Freeman. He noted indications for a 
disk-like, rapidly rotating extension of the 
stellar bulge in our own Galaxy, and for a 
slowly rotating, metal-poor halo populat- 
ion He suggested that the former was 
produced during protogalactic collapse 
and that the latter might be debris from 
accreted dwarf satellites and fragments 
Evolutionary effects may, however, have 
blurred the fossil record in galautes. S. 
Tremaine (CITA) showed how collisional 
relaxation, instabilities of disks and of 
spheroidal systems, mergers and angular 
momentum transport by spiral arms can 
all have affected the galaxies we see Such 


Opiates and opioids 


NEWS AND VIEWS 


effects must clearly be considered when 
comparing observations with simplified 
formation models 

It is clear from these two meetings that 
the past few years have seen significant 
progress in this field and that new de- 
velopments are still occurring rapidly In 
his summary talk at Princeton, S Tre- 
maine, director of CITA. analysed the 
present situation in terms of Kuhn's 
theory of scientific revolutions The 
realization that we still do not know what 
makes up most of the Universe has thrown 
astronomy off the track of normal science 
and into a crisis. After a period of confu- 
sion, such crises are usually resolved by 
the adoption of a new paradigm, often one 
promoted by a few scientists who are 
either young or new to the field. It 1s not 
clear whether astronomy is now emerging 
from the present crisis. Tremaine warned 
that, according to historical precedent, a 
new paradigm will not be fully accepted 
until the adherents of the older order 
finally die off. m 


Carlos Frenk is a Research Fellow at the Astro- 
BN? 90H Centre, University of Sussex, Brighton 

H, UK; Simon White ts an Associate 
Profesor of Astronomy at the Steward 
Observatory, University of Anzona, Tucson, 
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Has morphine a physiolo gical 


function in the animal kingdom? 


from H. W. Kosterlitz 


ALmosr since time immemonal the 
opium poppy, Papaver somniferum, has 
been known to contain substances that are 
potent analgesics, of which morphine is 
the most important. About ten years ago, 
two pentapeptides with analgesic activity, 
Met-enkephalin and Leu-enkephalin, 
were isolated from the brain, and a larger 
peptide, §-endorphin, soon joined them. 
These and other related opioid peptides 
are generally considered to be the natural 
ligands for the opioid receptors in animal 
tissues to which morphine, a plant alka- 
loid, also binds. Recent observations by 
the groups of Spector’ and Goldstein’, 
however, cast some doubt on this distinc- 
tion by indicating that morphine is present 
in low concentrations in the brain and 
other tissues. 

The binding charactenstics of morphine 
indicate that it mteracts mainly with the 
-opioid receptor, rather than the 6- or x- 
receptors. This interaction is responsible 
for its analgesic properties It 1s import- 
ant, however, to note that the responses of 
the p-receptors induced by morphine 
occur not only ın those areas of the central 
and peripheral nervous systems which are 
responsible for its analgesic effects. Thus, 
when morphine ıs used therapeutically for 
pain relief, ıt will also affect the functions 


of the respiratory, cardiovascular and 
gastrointestinal systems Its role in the 
control of the endocrine system is particu- 
larly important. The influence of mor- 
phine and morphine-like compounds on 
behaviour and mood are of significance in 
the development of opiate addiction. 

Whereas morphine interacts almost 
only with the p-receptor, the endogenous 
opioids present in the nervous system are 
much less selective. The selectivity index 
for -binding of morphine 1s 0.98 — max- 
imum possible value being 1 00 — where- 
as three of the opioid peptides in animal 
tissues have p-selectivity indices of 0 66 or 
less (see table)’. In this context, metorph- 
amide is of special interest since its affin- 
ity for the p-receptor is about 15 times 
greater than that of morphine, [Met] 
enkephalyl-Arg-Phe or B-endorphin It 1s 
of importance to note that Met-enkeph- 
alin and dynorphin A have low selectivity 
indices for binding at the p-receptors as 
they bind preferentially at the -sıte and 
K-Site, respectively. 

What is the significance of the presence 
of morphine in animal tissues? Whereas 
its concentration in the skin of the toad 
is 3 pmol g~' tissue, it is only 0.05 pmol g*' 
tissue in bovine cerebral cortex! „ which ts 
very low compared with the concentra- 
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tions of other p-ligands. For instance, the 
concentrations of metorphamide in the 
cortex of the rat and guinea pig are 0.3 
pmol g` tissue and 6.6 pmol g" tissue, 
respectively’ In the cortex of the rat, 
the concentration of [Met] enkephalyl- 
Arg-Phe is 36 pmol g`' tissue’. It should be 
added that there are large variations in 
the total immune-reactive morphme in 
bovine hypothalamus and adrenal’. Be- 
cause of this, it has to be accepted that no 
conclusions can at present be drawn about 
a possible physiological role of morphine 
in the central nervous systems of animals 

For an understanding of the pharmacol- 
ogy of morphine tt is important to appreci- 
ate that only P somniferum and P. 
setigerum have the enzymes necessary to 
generate morphine from thebaine, which 
is widely distributed in many Papaver 
species There ıs evidence that, in P 
somniferum, thebaine ts biotransformed 
to morphine with intermediates of either 
codemone and codeine or of ompavine 
and morphinone* If it can be shown 
that in animal tissues thebaine or these 
intermediates can be converted by 
enzyme action to morphine, it would be 
a most important observation for our 
understanding of the physiology and 
pharmacology of opioids 

While I was considering the importance 
of the observations of Sydney Spector, 
Avram Goldstein and their colleagues, I 
received a letter from Dr Konrad Bloch 
pointing out to me that Thomas Mann 
in his novel The Magic Mountain (Der 
Zauberberg, 1924) prophesied the pos- 
sible existence of endogenous optords’. 
Here ıs his remarkable prophecy: 

“ ‘Nothing different —oh well, the stuff 
to-day was pure chemistry’, Joachim un- 
willingy condescended to enlighten his 
cousin. It seemed there was a sort of 
poisoning, an auto-infection of the organ- 
isms, so Dr Krokowski said; it was caused 
by the disintegration of a substance, of the 
nature of which we were still ignorant, but 
which was present everywhere in the 
body; and the products of this disintegra- 
tion operated like an intoxicant upon the 
nerve-centres of the spinal cord, with an 


Affinity and selectivity index for p-binding of 
morphine and opioid peptides with prevalence 
at p-, 6- or x-binding sites? 


Affinity Selectivity 
for for 
eo p-binding 
(K,=nM~ 
Morphine 0.56 098 
[Met] enkephalyl- 
Arg-Arg-Val-NH, 
(metorphamide) 87 0.66 
{Met] enkephalyl- 
Arg-Phe 0 29 0 60 
B-Endorphin 0 49 0.52 
Met-enkephalin 011 009 
Dynorphin A 1 37 013 
Selectivity index K,~' for w(K,~' for p+K, ' 


for 8+ K, '! for x) 


672 


effect similar to that of certain poisons, | 


such as morphia, or cocaine, when intro- 
duced in the usual way from outside. 

‘And so you get the hectic flush’, said 
Hans Castorp. ‘But that’s all worth hear- 
ing What the man doesn’t know! He must 
have simply lapped it up You just wait, 
onc of these days he will discover what 
that substance ts that exists everywhere in 
the body and sets free the soluble toxins 
that act like a narcotic on the nervous 
system; then he will be able to fuddle us all 
more than ever. Perhaps in the past they 
were able to do that very thing When I 
listen to him, I could almost think there 1s 
some truth in the old legends about love 
potions and the like...’ ” 
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There 1s little to add except that we 
expect many new developments in the 
opioid field o 
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Palaeoecology 


Distributions of desert plants 


from Peter D. Moore 


Stupyinc the history of vegetation and 
climate in and parts of the world presents 
far more problems than it does in damper 
climes. The availability of lake sediments 
and peat deposits in most temperate and 
many tropical areas has led to extensive 
studies of biological, geological and chem- 
ical materials that have permitted some 
detailed reconstructions of past environ- 
ments But although fossil lakes have been 
studied in some deserts, for example, the 
Rayasthan' and the Sahara’, their scarcity 
has forced palaeoecologists to seek other 
sources of evidence concerning the former 
distribution of vegetation in these dry 
areas. Such sources include mammalian 
rubbish heaps’, or middens, and, more re- 
cently, the analysis of carbon isotope 
ratios either in plant and animal macro- 
fossils or in the organic varnishes coating 
the desert rocks". 

The habit of animals such as packrats 
(Neotoma spp.) and porcupines (Erethi- 
zon dorsatum) to create piles of organic 
detritus, and the fact that these materials 
survive in ard climates for many thou- 
sands of years, has provided a useful oppor- 
unity for analysing past plant-distribution 
patterns and migration routes. Allowance 
must be made, however, for such factors 
as the dietary preferences and the foraging 
range of the animals concerned. In New 
Mexico, the course of migration of trees 
since the last glaciation has been followed 
by the analysis of the macrofossils ın 13 
middens found in the northern Chihua- 
huan Desert‘. It ıs found that the pine 
(Pinus edulis) and jumper (Juniperus scop- 
ulorum) vegetation of the full glacial 
(18,000 year pp), which reflects less ex- 
treme climatic conditions, 1s gradually re- 
placed by woodlands ın the early Holo- 
cene, indicating mild wet winters together 
with warmer summers’ This vegetation 
gives way to desert grassland in the mid- 
Holocene and finally to present-day 
desert scrub The invasion of such plants 


as the creosote bush (Larrea divaricata) 
first occurred in the Sacramento 
Mountains just before 3,000 yr sr. 
Altitudinal changes ın vegetation 
during the Holocene have also been 
studied using packrat middens in the Calı- 
fornian Mojave Desert’. By studying a 
single hill, changes in the altitudinal boun- 
dary between creosote bush and black- 
brush (Coleogyne ramosissuma) scrub 
communities can be traced Analyses of 
foss:! middens show the arrival and expan- 
sion of Coleogyne at the expense of Larrea 
during the past 500 years, indicating the 
development of cooler, damper con- 
ditions. A degree of sophistication was 
added to this analysis by running control 
analyses of the contents of modern mid- 
dens under known vegetation conditions 
and by applying ordination techniques to 
show trends in vegetation development 
Another fashionable palaeoenviron- 
mental technique ıs the use of the ratio of 
carbon 13 to carbon 12 in fossil organic 
material from and lands The ratio of 
these isotopes in organic compounds de- 
rived from photosynthetic activity de- 
pends pnmarily on the photosynthetic 
mechanism used by the plant Plants using 
a C, strategy of carbon fixation generally 
have isotope ratios in the region of —27 
parts per thousand (p.p.t.) (relative to a 
standard material), whereas those using a 
C, or a crassulacean acid metabolism 
(CAM) strategy produce organic com- 
pounds with a ratio of around — 13 p.p.t. 
This fact has been of some value in studies 
of the evolutionary history of the C, 
strategy of photosynthesis”’; ıt also aids in 
tracing changes of diet, like the switch to 
maize (a C, plant) by the American palaeo- 
indians, as the isotope ratio 1s found in the 
bone collagen of herbivorous animals". 
The use of isotope ratios for the detec- 
tion of fossil photosynthetic strategies 1s 
made more complex by the innate variabil- 
ity of the ratio and also by the influence of 
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chmate The variation induced in the car 
bon compounds of tree rings 1s less thai 
2p pt; this fluctuation provides anothe 
technique for climate reconstruction’ ”. 

In and lands, carbon ratio measure 
ments have been conducted on plant mat 
erial from fossil samples in caves anı 
packrat middens in Nevada" In the CAN 
plant Opuntia polyacantha, for example 
samples with an age of over 40,000 year 
had a ratio of —21 9 (indicative of C,-typ 
metabolism), whereas samples fron 
10,000 years ago gave a carbon ratio a 
—13 9p.p.t. (showing the operation of th 
CAM system) This ıs taken to demon 
strate the more arid conditions at th 
beginning of the Holocene". 

This approach is limited by the avail 
ability of macroscopic fossil plant mat 
erial, which 1s often scarce in deserts. A; 
alternative source of organic carbon, ob 
tained from several sites in North Americ 
and in the deserts of the Sinai Peninsula 
has recently been tested" The materi: 
used ıs the varnish that coats rock surfaces 
derived from minute airborne particles o 
plant organic matter. This matter, used a 
an energy resource by micro-organisms 
accumulates slowly. Dorn and DeNir 
propose that the varnish has a carbo 
isotope ratio that reflects the balance c 
photosynthetic strategies in the surround 
ing plant community‘, and that organi 
metabolites produced by microbes wi 
continue to maintain the original ratio in 
similar way to that of the bone collagen c 
herbivores They put these ideas to th 
test by analysing modern rock varnis 
from a range of sites with known vegeti 
tion and climate and find that most ari 
sites have values between —11 and —1 
p.p.t , while semi-and and humid site 
often have values below --22 p.p t. Thes 
figures indeed reflect the balance of C,, C 
and CAM plants in the areas of study 
Some preliminary tests on stratified mal 
erial also indicate that the method is ar 
propriate for the study of vegetational an 
environmental changes over many thou: 
ands of years More detailed work is not 
needed on modern processes of varnis 
accretion and its relationship to local vege! 
ation, but it seems that palaeoenviron 
mentalists now have a powerful new toc 
to apply to the study of desert history. C 
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Marine ecology 


— NEWS ANDVIEWS 


Vent communities in Atlantic too 


from Eve C. Southward 


SURPRISE and great interest have been 
aroused by the discovery of hydrothermal 
vent communities, predominantly dense 
colonies of huge clams and red-plumed 
tube worms surrounding hot sulphide-rich 
springs in the ocean floor’. They stand out 
like oases on the otherwise sparsely popu- 
lated sea bed, their members exploit chemo- 
synthesis as a source of food and include 
many species new to science. More recent- 
ly ‘vent-type’ communities have also been 
found at cold seeps™. Hot-vent communi- 
ties have been reported only from the 
eastern Pacific, but the cold-vent type are 
more widely spread throughout the Paci- 
fic. Kenicutt er al.’ in a recent issue of 
Nature and Paull et al." on page 709 of this 
issue now report the first cold-vent com- 
munities to be found in the Atlantic. 

Photosynthesis by phytoplankton is the 
Origin of the organic compounds that are 
the basis of the food chain for marine life 
but, at 2,000 m depth, fall-out from surface 
production is small and there is no light to 
support photosynthesis. At such depths, 
hydrothermal vents expel hot, sulphide- 
rich water into cold oxygen-containing 
ocean bottom water; the resultant mix is 
ideal for sulphur-oxidizing chemoauto- 
trophic bacteria, which can grow both in 
Suspension in the water and on surfaces 
around the vents’. Some also live sym- 
biotically in the tissues of the largest ani- 
mals in the vent communities and are im- 
portant in providing them with nutrition, 
just as the unicellular plants that live in 
tissues of giant clams and other animals 
on coral reefs supply their hosts with 
products of photosynthesis, 

Vent fluids contain hydrogen sulphide, 
other reduced inorganic compounds and 
methane, as well as high concentrations of 
metals in solution, all derived during the 
passage of seawater through very hot 
rocks under enormous pressure’. Hence 
the chemical energy for carbon fixation by 
chemoautotrophs is considered to be 
‘new’, as it is unconnected with sea- 
surface production; this contrasts with 
normal biogenic sulphide produced by sul- 
phate reduction in sediments, which is the 
result of bacterial degradation of organic 
matter originating from photosynthesis. 

At cold seeps, fluid is seawater or brine 
rich in sulphide and sometimes hydrocar- 
bons. Both hot and cold-vent communi- 
ties are characterized by dense popula- 
tions of two types of bivalve mollusc 
(families Vesicomyidae and Mytilidae) 
and the curious vestimentiferan tube 
worms (phylum Pogonophora) which 
have no mouth or gut yet can grow up to 2 
metres long and 30 millimetres wide. 
Although various other animal groups 
occur at vents, diversity is low and these 





three can be called indicators. All three 
contain symbiotic bacteria. 

Communities associated with hot or 
warm vents have been found in the East 
Pacific Rise, Galapagos Rift region and 
Juan de Fuca Ridge, and also in the 
Guaymas Basin (Gulf of California)’, all 
in the eastern Pacific. Communities 
associated with cold seeps have a wider 
geographical spread. The first were found 
off California, near San Diego; they con- 
tain only vestimentiferans. Sulphide was 
not detected in the water. Other cool 





Comparison of “C depletion indicated by 
8'°C in the flesh of animals from the two 
new sites — 600m: Louisiana: 3.266m: Florida. 





600 metres 3,266 metres 
Vestimentifera —27%0 —42.4%o 
Bivalve mollusc —35.5%o —-74.3%o 
(Calyptogena) (mytilid) 





seeps are close to the hot-vent region in 
the Guaymas Basin’, off Oregon’ and in 
the Japan Trench, Tenryu Canyon and 
Sagami Bay’, on the western margin of the 
Pacific. 

Although hydrothermal areas are 
known on the Mid-Atlantic Ridge, no hot- 
vent communities have been found in 
the Atlantic Ocean. A single large vesti- 
mentiferan was trawled at a depth of 500 
metres off the coast of Surinam’, but the 
two seep sites in the Gulf of Mexico de- 
scribed by Kennicutt et al.* and Paull et al.” 
are the first on the eastern margin of 
North America at which the typical vent- 
type community has been found. 

The two Atlantic sites are at very differ- 
ent depths. The first, at 600 metres off 
Louisiana, has obviously oily sediments 


and was found by trawling after the collec- | 


tion of oil-stained cores. Its fauna includes 


two vesicomyid clam species and a ves- 


timentiferan, but apparently no vent myti- 
lids. The second, in 3,266 m at the foot of 
the Florida Escarpment, was discovered 
by the manned submersible Alvin; myti- 
lids, vesicomyids and vestimentiferans 
were all collected’. 

Comparing data on "C/"C ratios from 
these two sites” shows that there is much 


greater depletion of °C in animals from: 
the deep site (see table). The figure forthe 
mytilid from the deep site is exceptional 


for an animal, the lowest previous measur- 


ment being —45.9%0 in a symbiont- 


containing pogonophore not associated — 
with a vent’. The "°C for an animal’s tis- | 


sue is normally close to that of its food, a 
little fractionation taking place during 
digestion and assimilation. Greater frac- 
tionation, resulting in depletion of "°C, 
occurs during photosynthetic or chemo- 
synthetic fixation of carbon from carbon 
dioxide, the depletion being around 20%o 


and the final value for ôC depending © 


on the original value for the carbon 


dioxide used. When considering possible 


sources of carbon for animals at vents, 
it is important to obtain "°C values for all 
the likely sources. This very useful techni- 
que is also helping in the measurement 
of the contribution made by chemo- 
autotrophic symbionts to the nutrition 
of non-vent animals living in reducing 
sediments in shallow water". o 
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100 years ago 
THE RECENT TOTAL ECLIPSE OF THE SUN 


I OBSERVED the eclipse from Tahoraite. I deter- 
mined to concentrate my whole attention on 
the corona, and the corona alone. The moment 
“totality” occurred I turned my gaze towards 
the sun, and having previously, to save time, 
drawn disks on several pages of my pocket- 
book, I hurriedly took sketch after sketch of the 
shape of the corona, the rays of which were 
much better marked than I had been led to 
expect. My object in taking several sketches 
was to record any change in the position of the 
rays. I took five during the short time of total- 
ity, and their agreement is so clear as regards 
the number and relative position and length of 
the main rays, that it fully confirms the general 
impression left on my mind as to the fixity of 
this phenomenon. I was just engaged in making 
a last estimate of the extent of the corona be- 
tween 35° and 90°, when a cry arose from the 
bystanders, “Look at the red flame shooting 
out to the left!” I withstood the temptation, and 
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observed the almost sudden disappearance of 


the corona on the reappearance of the sun. 
<0" 





Corona as observed during solar eclipse of September 9, 1885. 
as seen from Tahoraite, North Island, New Zealand, about 40 
miles north of centre line of totality. (N.B — Corona alone was 
observed: relative position and lengths of rays reliable, abso- 
lute lengths to be taken with caution. } 


from Nature 32 631, 29 October 1885. 

























































WIDESPREAD reports that trees in the 


dying have stimulated many hypotheses 
into the possible causes. Sulphur dioxide 
or acid rain alone do not seem to provide 
explanations of the distribution and symp- 
toms of injury. Much attention at present 
levoted to the possible interaction of 
(generated photochemically in the 
atmosphere) and acidic deposition 
ess factors; there are also unsub- 
ited press reports that a plant virus is 
jated with damaged trees but not 
healthy ones. Although there is 
speculation that damage may be caused by 
litherto unrecognised trace components 
of the atmosphere or of rain, there have 
been few reports that any such substances 
are found in concentrations injurious 
to plants. On page 714 of this issue, H. 
Fauistich and C, Stournaras’ now report 
that concentrations of trialkyl-lead in 
Tainwater collected in the Black Forest of 
Germany are close to those known to kill 
plant and animal ceils. If this is correct, it 
suggests that lead additives to motor fuel 
_ are directly associated with tree damage. 
_ But in our view there are strong reasons 
for disbelieving this interpretation. 
Lead is added to gasoline (petrol) in the 
form of organic tetraalkyl-lead (TAL) 
compounds, mostly tetramethyl-lead and 
tetraethyl-lead, but exhaust gases contain 
predominantly. inorganic lead aerosol. 
TAL vapour enters the atmosphere in 
small amounts through evaporation of 
gasoline and from exhaust pipes as un- 
burned fuel. TAL concentrations in urban 
re typically about 50 ng m`’, that is, 
ut 5% of the total lead concentration 
ug m”. Inthe atmosphere, TAL is 
sntually converted. to inorganic lead 
p the intermediate. formation of 
yiléad: (TriAL). If the organic com- 
are not ren Pan co to the Laie 


owever, een eae air, SO 
LS concentra ions of all lead com- 




















erence between total ‘organic Tead and 
Lin air“ or from any TriAL in rain- 
vater; estimates suggest that TriAL con- 
ae in rural air are less than 2 ng 
n”, In contrast, there have been several 
l itúdies of TriAL in rainwater. Since its 
Salts are fairly soluble in water, scavenging 
“processes in cloud and by precipitation 
AGUDA provide an important sink 
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forests of central Europe are damaged and | 











* cee killing G erman forests? 


from M.H. Unsworth and R.M. Harrison 


for removing TriAL from the atmosphere. 
Measurements of lead concentration in 
rainwater are summarized in the table. 


These results were obtained by three dif- 


ferent methods: selective extraction and 


lead-specific detection’; a lead-specific gas 


chromatography/atomic absorption pro- 
cedure, and a bioassay procedure for 
analysis of trialkyl-lead based on inhibit- 
ion of tubulin polymerization in pig 
brain’. The table reveals that the TnAL 
measurements from the Black Forest’ are 
100-1000 times larger than those from 


‘elsewhere. Are these observations correct 


or is the analytical method at fault? 
For several reasons we find the new 
observations of TriAL anomalous. To 
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account for such high concentrations in 
rain would require very high atmospheric 
concentrations of TriAL. It is not possible 
to make precise calculations because che- 
mical kinetic information is lacking, but if 


‘typical values elsewhere of (TriAL),,/ 


(TriAL),,, are (2 ng m™“)/(50 ng F’), then 
simple proportionality implies that air 
concentrations of 80 ~ 2500 ng m` TriAL 
should be associated with the rain in the 
Black Forest. Such high concentrations of 
organic lead in air are found, very occas- 
ionally, but only close to gasoline filling 
stations’ where they would be dominated 
by water-insoluble TAL. Mechanisms of 
atmospheric dispersion and rain product- 
ion in clouds would not allow such concen- 
trations in widely distributed rainfall. 

The proportions of TriAL to total lead 


reported by Faulstich and Stournaras are 


unusual; the other studies listed in the 
table indicate that less than 1% of the total 
lead is in the TriAL forms. In the Black 
Forest, although total lead in rain is 
comparable to that at other non-urban 
sites, the proportion in the TriAL form ts 
apparently 30 — 50 per cent. We cannot 
think of any plausible combination of ex- 
haust emissions and deposition processes 


that would allow such a proportion to | 


arise. If this occurred regularly in rain 


| throughout Germany, it would imply an 











annual deposition: of TriAL comparable — 
the total amount of lead annually added to 
gasoline 1 in Germany. 

Rather than seek unusual mechanisms 
for generating and depositing TriAL in 
Germany, it seems more likely that the 
bioassay method used by Faulstich and 
Stournaras is subject to interferences by 
other constituents of rainwater. A wide 
range of chemicals can inhibit the tubulin 
polymerization process’, including halo- 
thane and other anaesthetic drugs, as well 
as organomercurials such as methyl- 
mercury. The minor-component composi- 
tion of rainwater is not well established 
but methylmercury and dimethylmercury, 
as well as many halocarbons, are certainly 
present in the atmosphere. The more 
polar compounds are no doubt also pres- _ 
ent in rainwater and it Is. highly likely that 
interferences will arise in the analytical 
procedure. Moreover, the method uses 
evaporation to concentrate. rainwater ` 
samples and, if high temperatures were .. 


Concentrations of trialkyl!-lead and total lead in rainwater 


matt 


Sampling location Trimethyl-lead  Triethyl-lead Total lead Reference 
(ngi ') (ngi™') (ug I‘) | 

Central Antwerp 58-330" 152-386 4 
Highway (Belgium) 45-88" 148-214 4 
Residential (Belgium) 40-64" 86 — 150 4 
Rural (Belgium) 28° 29° 4 
University campus 

(Belgium) 22 10 133 5 
Downtown (Belgium) 45 26 280 5 
Rural (UK) 23 42 14 6 
Various sites (UK) 10~31 29-71 §~34 7 
Black Forest (Germany) <2,000 -62,000 <2~210 | 


"Data correspond to total trialkyl-lead 
serteemtnssisunmeereretri-nun anes A ENEA a aaaea ALTHO bs 


used, many trace constituents, including 
TriAL, would have been broken down. 
Although, in our view, the proposition 
that trialkyl-lead occurs in toxic concen- _ 
trations in rain is entirely unproven, the = 
fact remains that Faulstich and Stournaras — 
appear to have observed some factor in 
rainwater that inhibits tubulin. polymer- 
ization. If this is shown to be the casei 
further experiments, it should stimulate 
both the search to identify the myster 
ious factor in German rain and aiempi 
to quantify its toxicity. (3 
i. Faulstich H. & Stournaras. C, Nature 347. 314 (1985). ae: 
2. de Jonghe, W.R.A., Chakraborti, D. & Adams, F.C. Envir. : 
Sei. Technol. 45. 1217 (1981). i 
3, Harrison, R.M.. Radajevic. M. & Hewitt. c. N. The 
Science of the Total Environment 44, 235 (1985). se 
4. de Jonghe, W.R.A.. van Mot, W.E. & Adams. FC. Proc, 
int, Conf. Heavy Metals in the Environment (CEP | 
Consultants. Edinburgh. 1983). 
5. Chakraborti, D. eral. Anal. Chem. 86, 2692 (1984). 2. 
6. Harrison. R.M. & Radojević, M. Envir. Technol. Leu. 6.0 
129 (1985). 
7. Harrison, R.M.. Hewitt, C.N. & Radojević, M. Proc. ht 
Conf. Heavy Metals in the Environment (C.E.P. Con- 
sultants, Edinburgh, 1983). 


8. Faulstich. H.. Stournaras. C., Doenges, K.H. & Zimme fae 
man. HLP, FEBS Len. ¥74, 128 (1984). ` ae 


cert crereeternt 



























M.H. Unsworth is at the Institute of Terrestrial 
Ecology, Edinburgh Laboratory, Bush Estate, 
Penicuik EH26 00B; R.M. Harrison is at the 
Department of Chemistry, University of Essex, 
|. Colchester CO4 38Q, UK. 








H: Faulstich and C. Stournaras will respond to this article z 
l within a few weeks. 












| rot think it it is evenly known 
particle moving with the speed 
f © clement do = adt is Lorentz- 
, where a is the magnitude of the 















, but comparatively simple iln 
the geometry of Minkowskian 
ime In fact the invariant pseudo 
of a null curve was found by 












nor’ as part of the general geomet- 
ill curves. However, these authors 
display doin the very simple quasi- 
tonian form given above and I prop- 
to derive that form here directly, so 
physicists need not refer to the mathe- 
natical papers cited below’’. 














f their components, the scalar product is 


(1) 





OBS yt XY, + XY,- X,Y, 


~ and this is Lorentz-invariant. Let T be a 


© curve in space-time and X(u) the position- 
_ vector of a general point on it, a function 
ofa parameter u. In terms of components, 


(2) 


the 3-vector x and f being functions of u, 
- Denoting derivatives with respect to u by 
oes we have 





X= (xyz) = (xci), x= (x,y,z) 





= a, cyt, 


(3) 
>? where vis the 3-velocity and 

(4) 
: where. a is the (newtontan) acceleration. 


G The scalar eo of this 4-vector by itself 
is. 





: x = A OJE + (viot, 


fe ui HY ( 5 ) 


XXu = ACH DBE, + CÈ 


a0 0). (2.0) =a’ 
0). (v.c) = ay 


). (ve) =y -č 


(6) 








dar with (1). 

far T'is any curve in space-time. Now 
itto be a null curve, we have v = c, 
hat B= C = 0 and we are left with 






7) 


es — of the acceleration. 





, x," du =a" dt (8) 

left haa side is Lorentz- 
dependent of what parameter 
he. Lorentz-invariance of the 









onian) acceleration. Verification of: 
variance by direct calculation is 


sighty years ago and is discussed 


ot Aand Y be two 4-vectors. In terms 


here ihe. coefficients are the scalar pro- | 





is thus established; it is. the i 


clement of aye -arc T 
Remembering that v = c, so that accel- 
eration is perpendicular to velocity, we 
have an alternative geometrical form: 


do = adt = k'"ds (9) 


where k is the first curvature of the path in| 
| Euclidean space and ds the Euclidean ele- 


ment of length. 
Having thus established the Lorentz- 


invariance of do, we may think of a° as a | in Gre 
Lagrangian and consider those motions | the pap 
c) which give a | fornitrate in 
stationary value to the integral of do. Con- | the data ¢ 
sider then two events: E, at position P; and | 
time t,: E, at position P, at time t, witht, > 


(subject always to v = 


t,. There are three cases: 
Case I. P,P, > c(t, - 
outside the ‘null cone with vertex at E: 
then there is no null curve connecting E, 
and E,. 

Case II. P,P, = c(t, — 4), so that E, lies on 
the null cone with vertex at E,: then there 
is a unique null curve joining E, to Æ and it 
is Straight; we have a = 0 and the action A 

= f do vanishes. 


Case HI. P,P, < c(t, — t), so that Æ, lies 


inside the null cone with vertex at E,. This : 


is the interesting case. There are infinitely 
many null curves joining £, to E,. If we 
think in Newtonian terms, we see that the 
particle has to travel a distance s which is 
greater than P,P,. Thus its path must be 
curved, so that k is positive and the action 
A = f do is positive. But consider a 
broken path consisting of straight seg- 
ments of the required total length s. This 


will not do, because the curvature k is 


undefined at a corner. Let us then employ 
a limiting process in which the corners are 
rounded off by smooth curves which dis- 
appear in the limit , giving a broken zig-zag 
path. If the coefficient i in do were k, not 


k”, in this limit we would get a finite con- 
-tribution to the action from each corner. | 


But since the coefficient is k”, the shar- 
pened corner gives no contribution to the 
action, l 

Thus the conclusion in Case III is that 


the action A (= f do) attains its minimum | 

_ value zero for all broken paths consisting 

of straight segments of total length c(t, — | 

4). In minkowskian terms, such a broken 

path consists of straight null roemen 
leading from E, to E.. 


Note that in all of the above it is essen- 
tial that we do not reduce space-time to 
two dimensions — motion on a line — for 


paths considered above are not to be con- 
Feynman and Hibbs’. 


J.L. SYNGE 
Dublin Institute for Advanced Studies, 


-10 Burlington Road, 


Dublin 4, Ireland 


L Vessio:. E. C. r, hebd. Séanc. Acad, Sci. Paris 140, 1381~ 
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. Bonnor, W.B. Tensor Nw Ser, 20 229-242 (1969). 
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Path tavegeails, a8. (McGraw- Hill, New York. 1965). 





: ized to other populations. 


t), so that Æ, lies” 


epidemiologic method of correlation 


-techniques have been of undeniable value 


(which may not be carcinogenic if acting in 


5.5 will lead to growth of bacteria and 


studies: have demonstrated that indi 
viduals at risk for gastric cancer have ele 
vated PH and nitrite in fasting gast 
| juice” "Iti iş salso well established that. diet 


| gastric nitrite and prevent formation o 
_ N-nitroso compounds’. An essential com- 
| penent of the proposed model requires. 
that. chronic. atrophic gastritis and subse 
quent alterations of the gastric mucos: 
| precede nitrite formation in gastric juice’ 
then v = c implies a = 0. Thus the zig-zag | ” 


for risk of gastric cancer from nitrate. Th 
fused with the zig-zag paths shown by | 


ject but noxious to a patient with a 
| gastritis, especially if the diet cont 
. Feynman. R.P. & Hibbs. A.R. Quantum Mechanics and - CUYSOTS. . of ay -nitroso -mutas 


a: car inogens”. 









Nitrate and gastric 
cancer risks 


Sır—The relationship between nitedte 
posure and risk for gastric cancer is th 
subject of a recent paper by Formaneral 
They conclude from measurements 
_Salivary nitrate that nitrate ingestion at 
_gastric cancer risk are negatively co 
ated. mh E AGROS a 
that the itua 
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One of the main problems of the yan 
_is that it leads to conclusions on the biol 
gic mechanism of gastric carcinogenes 

on the basis of evidence gathered by the 




























analysis. Correlations by themselves rare- 
ly justify mechanistic inferences and are 
well recognized as weak instruments in the 
study of- causality. The epidemiologic 


























in etiologic research but they face new — 
challenges. to accommodate advances in 
our knowledge of the mechanisms of car- 
cinogenesis. Of special importance is the 
timing of genotoxic effects (which may be © 
remote and hard to detect) and promoters — 


the wrong sequence). In the case of gastric 
cancer, the prevailing aetiologic hypoth- 
esis calls for a complex interaction of irri- ” 
tants, nutritional deficiencies, mucosal 
atrophy, bacterial overgrowth, in vivo nit- 
rosation and sequential mutations whichis 
sc intricate that it represents a special 
challenge to the epidemiologist. ae 
_ A statement of the hypothesis linking | 
nitrate and gastric cancer was presented in 
1975° and updated in 1983’. According to 
this model, elevation of gastric pH above 












conversion of nitrate to nitrite. Numerous: 














































“hus, gastritis is a sine qua non conditio 










relevant factor. determining gastric nitrite 
is atrophic gastritis. Nitrate administere: 
to subjects with atrophic gastritis result in 
nitrite levels at least 10 times greater than” 
those. found in subjects with norma 
mucosa’. It follows that a given dose. of | 
nitrate may be harmless to a normal sub-- 
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< gentrations”. 








f ‘estimate of 3.5 
mg of nitrite derived from nitrate in high 





risk areas (Table 7) where the prevalence 
of chronic atrophic gastritis is probably 
considerable. The estimate ignores firm 
evidence of nitrate reduction in the gastric 
cavity in subjects with atrophic gastritis. 





A second question may be raised on the | 


validity of estimating exposure of indi- 
viduals to nitrate via measurements on ni- 
trate in saliva. Studies in Colombia” pub- 
shed some years ago demonstrated a tot- 
al lack of correlation between gastric can- 
risk and salivary nitrate although there 
< a correlation with urinary nitrate. 
brand et al.” reported exceptionally 
sh values of nitrate and nitrite in a re- 
in Iran which has a low rate of gastric 
neer. They concluded from these data 
ind subsequent studies in Germany that 
livary flow may strongly influence saliv- 
y concentrations, such that “under cool 
‘climatic conditions higher salivary 
‘flow rates will result in 1 lower nitrite con- 
Studies in our laboratory 
and others” have shown that salivary ni- 
trate is not correlated with gastric nitrate, 
“and that other ions, such as thiocyanate, 
<- may compete for the same anion transport 
_ system in salivary glands. 
->e A third issue is the source of the nitrate. 
This was briefly mentioned, but under- 
~ emphasized, in Forman et al.'. It is well- 
_ known that vegetables are an important 
_. source of nitrate, but it makes a big differ- 
ence if the vegetable carrying nitrate is a 
‘starchy root tubercle or cereal grain, 
which correlate positively with gastric can- 
cer risk”, or green leafy vegetables and 
-fresh fruits. which correlate negatively 
“with such risk. The carrier of the nitrate 
“may overshadow the correlation with ni- 
„trate itself, 
In balance, epidemiological studies 
“have shown that some vegetables are pro- 
tective even though they contain high 
uantities of nitrate. This could also be a 
clusion of the article by Forman et al.’. 
nd in fact, such a conclusion would put 
them i in total agreement with the earlier 
literature. 
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FORMAN ET AL. REPLY——Tannenbaum 
and.Correa state that the general message 
of our paper “is the lack of an etiologic 
role for nitrite in gastric cancer”. What in 
fact we stated was “our results in general 
weigh against the idea that environmental 
nitrates play a major role in determining 
the risk of gastric cancer in Britain. They 
should not, however, be taken to imply 
that nitrate-related N-nitroso-compound 
carcinogenesis has no role in the develop- 
ment of gastric tumours” (our new emph- 
asis). In other words, we clearly accept 
that nitrates and nitrites may have an 
aetiological role but not the major role in 
the context of Britain. 

Although the distinction may appear 
trivial, it carries critical implications and 
relates directly to the role of epidemiology 
in our understanding of cancer. We 
agreed with Tannenbaum and Correa in 
recognizing the limitations of epidemiolo- 
gical methods when dealing with sophisti- 
cated multicausal models of carcinogene- 
sis such as they and their colleagues have 
advanced in the area of gastric cancer. It 
would of course be futile to expect 
epidemiology to provide a complete de- 
scription of the role of nitrates and nitrites 
in a complex pathway of events that in- 


volves numerous other interacting vari- 


ables. However if nitrate exposure is a 
crucial factor in the development of gas- 
tric cancer, epidemiologists can legiti- 
mately ask the question of whether 
populations that experience a lot of gastric 
cancer have a high nitrate exposure (as we 
did in our paper) or alternatively whether 
populations exposed to a lot of nitrate ex- 
perience an excess of gastric cancer (as in 
our recent study of fertilizer workers, 
manuscript in preparation). A negative 
answer to such questions does not mean 
that nitrates have no role, only that they 
are not a rate limiting factor and cannot 
explain the geographic distribution of the 
disease. 

One has therefore to look for additional 


factors that are associated with an in- 


creased risk of gastric cancer. These other 
factors may also be dietary in origin and 
may be responsible for the development 
of atrophic gastritis or they may be the 
nitrosatable substrates that will react with 


nitrite to form N-nitroso compounds. Our 


results would suggest that, if nitrates are 
involved in the production of carcinogenic 
N-nitroso compounds and hence the 
aetiology of gastric cancer, then even 


cause of the higher prevalence of people 


‘the only way of fully testing the imp 


still pe ‘sufficient t to have. a det 

effect. In this context it might be mor 
practical to manipulate the other asso 
ated factors rather than attempt to reduce ` 
nitrate exposure from an already a 
level. cå 
To put it another way, our estimate of : 
3.5 mg nitrite derived from nitrate in high 
risk populations may well be wrong, be- 
















with gastritis who whould have an in- 
creased capacity for the formation of ni roi 
rite in the stomach. However, ‘it wot 
seem likely to be more beneficial to as er 
tain why these populations develop ga 
tis rather than to cut down: anexi 
exogenous nitrate level. 
Tannenbaum and Cane ‘make: two 
further technical points, both of which’ wW 
addressed in our original paper.. ‘The firs 
is whether salivary nitrate and nitrite are — 
valid measures of exposure. Table 8inour | 
paper shows a quite clear relationship be- 
tween intake of dietary nitrate, from all 
sources and salivary nitrate and nitrite. If, 
as recent work by Tannenbaum and col- 
leagues has shown, gastric juice nitrate _ 
does not correlate with salivary nitrate this 
again means that some factor other than _ 
exogenous nitrate is critical in determi- 
ning the eventual gastric juice concen- z 
tration. cae 
The other technical point concerns i 
sources of nitrate and whether certain 
types of dietary nitrate are more harmful 
than others. Certainly salivary nitrate re- 
flects a global nitrate exposure and can not 
tell one anything about individual sources. — 
From our dietary analysis meat-associated — 
nitrate and nitrite are correlated with a. 
high cancer risk (unlike vegetable ot 
drinking water nitrate) but this is a very. 
small proportion of total nitrate exposure. 
However, it can be a substantial-propor-- 
tion of nitrite intake, and because. pre- 
served meat will also contain nitrosatable _ 
amines which would reach the stom 
simultaneously with the nitrite, it might be 
a specific hazard although this is not su 
gested by the available epidemiologica 
data. Certainly more analysis needs: 
carried out on individual foods. and car 
groups. , 
In sum we aiid with Tannenb 
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his new international journal will publish scientific 
cles pertaining to the contamination of ground- 
er, thus providing a common forum for a diverse 
up of scientists involved in investigations of 
undwater contamination. Emphasis will be on 2 
estigations of the physical, chemical, and biological R 
rocessės that influence the behavior of organic and 
norganic contaminants in both the unsaturated 

vadose) and the saturated zones. Articles on contamina- 
on of surface water will not be included unless they 
pecifically deal with the link between surface and 
oundwater. 

















i scope of the journal will cover a wide range of 
opics, including experimental investigations of 
ontaminant sorption, diffusion, transformation, 
‘olatilization, and transport in the unsaturated and 
aturated zones; characterization of soil and aquifer 
roperties, but only as they influence contaminant 
ehavior; development and testing of mathematical 
nodels of contaminant behavior; innovative techniques 
or restoration of contaminated sites; and development 
sf new tools or techniques for monitoring the extent of 
oil and groundwater contamination. 


M fot papers! 


hors are invited to submit manuscripts (3 copies) to 
he Editorial Office, Journal of Contaminant Hydrology, 
’ O. Box 1930, 1000 BX Amsterdam, The Netherlands. 
etailed Guide for Authors is available on request. 

y reprints of each article published are supplied 

e of charge. 
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The base and the noble 








The Periodic Table. By Primo Levi. Translated by Raymond Rosenthal. 
Michael Joseph!Schocken: 1985. Pp.233. £9.95, $16.95. 





Tue language of chemistry, alone among 
the sciences, is shot through with antique 
imagery, compounded of astrology, folk- 
lore and the occult; it is the language of the 
alchemists and iatrochemists and of the 
atavistic quest for transmutation of base 
into noble. Each chapter in The Periodic 
Table bears the name of an element, serv- 
ing sometimes to evoke its ancient sym- 
bolism and sometimes to recall an episode 
in the author’s life. For Primo Levi was a 
journeyman chemist, a professional with a 
robust pride in his calling. Chief among 
the several fictional interludes in his book 
is a powerful fable about a travelling lead 
smelter, who explores the ancient 
Mediterranean in search of deposits, 
proud of his arcane craft and careless of 
the early death from plumbism that he 
knows will claim him, as it did his for- 
bears. 

Levi is one of a line of Jewish-Italian 
writers — Svevo, Moravia, Bassani, Carlo 
Levi — who have chronicled aspects of 
Italian society in the first half of our cen- 
tury, and in his first chapter, “Argon” — 
the obdurate, the noble gas that enters 
into no combinations with other elements 


_ — he describes his early life in a commun- 





ity, presumably now vanished, and new to 
me, that of the Piedmontese Jews. His 
forbears came from Provence by way of 
Spain in the fifteenth century, and many 
of the names reflect their origins. The 
name of the little town of Lunel, near 
Nimes, was rendered into Hebrew as 
yareakh, the Moon, whence Jarach, a 
noted Jewish—Piedmontese surname. Levi 
grew up speaking a patois of Hebrew with 
Piedmontese inflexions and grammar: 
“Davidin, bat la cana, c'as sento nen le 
rukhod” his Aunt Regina would say to 
Uncle David, as they sat in a cafe in Saluz- 
zo — “David, bang your stick, so that they 
don’t hear your winds”. 

Levi became absorbed in chemistry as a 
schoolboy and went to study at Turin Uni- 
versity. About this time Mussolini prom- 
ulgated the notorious Manifesto della Raz- 
za, which debarred members of “non- 
Aryan races” from professional careers. 
Two distinguished Jewish-Italian scien- 
tists, both from Turin, Salvador Luria and 
Rita Levi-Montalcini, have written about 
the impact that this had on their lives. 
(Both came under the influence at the 
University of yet another Levi, Giuseppe, 
a respected histologist and a heroic oppo- 
nent of the Fascists. Luria got away, to be 
washed up eventually on the other side of 
the Atlantic, while Levi-Montalcini went 
into hiding and set up a laboratory in her 
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kitchen, with Giuseppe Levi as her assis- 
tant, and there laid the foundation of her 
later work on embryology.) Primo Levi 
also found refuge in his work, having been 
offered a modest position as analyst in a 
mine outside Turin, where he embarked 
On a project to extract nickel (the demon) 
from the exhausted detritus of the plant. 
At a time when, as Levi says, “only a 





voluntarily deaf and blind man could have 
[had] any doubts about the fate reserved 
for the Jews in a German Europe”, he 
immersed himself in his chemistry and 
took pleasure in the gallery of extraordin- 
ary characters around him. He achieved a 
Pyrrhic but intensely satisfying triumph in 
the laboratory and got the nickel out—an 


abundant pink precipitate with dimethyl- 


glyoxime. An aspiration is indeed, as 
Robert Louis Stevenson observed, a joy 
forever, a possession as solid as a landed 
estate. 

Chemistry did more for Levi a year la- 
ter, for in 1942 he joined a Partisan group 
— “the most disarmed partisans in the 
Piedmont, and probably the most unpre- 
pared” — and was forthwith captured. In 
Auschwitz, an experience of which he has 
written without rancour in another book, 
he was selected to work in the Buna- 
rubber factory, and so survived. With a 
friend (who did not), he kept starvation 
precariously at bay by selling to a clandes- 
tine cottage industry in the camp flints for 
cigarette lighters, chipped from rods of 
what he had managed to identify as iron- 
cerium alloy. 

In the bleak years that followed the war 
Levi plied his trade, first in a paint factory 
(“Chromium”), where, by a tour de force 
of analytical chemistry and detective work 
in the company records, he found both the 
reason and the cure for the “livering” of 
batches of paint, that is to say their trans- 
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formation into a solid mass with the tex- 
ture and aspect of offal. He set up with a 


friend a home analytical laboratory and 
took on contracts for disreputable entrep- 


reneurs. Worst among these was a manu- 
facturer of cosmetics, who made cheap 
lipstick with a soluble base, that ran. Fora 
better, kissproof formula, alloxan was re- 
quired and Levi set about synthesizing it 
from uric acid, to be extracted from chick- 
en droppings; these he and his remarkably — 


game bride collected from poultry farms 


and separated from earth, pebbles, feath- 
ers and lice. The preparation did not 
work and the excrement remained un- 
transmuted and malodorous; so much for 
nitrogen. 

The business failed resoundingly, and in 


“Vanadium” Levi finds himself back ina 


factory, superintending the manufacture 
of varnishes. Here a remarkable experi- 
ence befalls him: some shipments of resin 
from IG-Farben are found to give risetoa _ 


product that refuses to dry. The corres- 


pondence that ensues focuses eventually 
on the use of an organo-vanadium 
catalyst, and is conducted from the Ger- 
man side by a certain Dr Miiller; could it 
be, as certain quirks of spelling and style in 
the letters suggest, the same Dr Miiller for 
whom Levi worked at Auschwitz? It was, 
and for Levi this seemed to bring the 
chance, long dreamed of, to confront, if 
only at a distance, one of Them — not, 
says Levi, for revenge but to exorcize a — 

monstrous anomaly, “to re-establish the _ 
right proportions”. Dr Müller, on receiv- — 
ing Levi's letter, together with a copy of 
his book about Auschwitz, displays feel- 
ings of confusion and regret, not amount- 
ing altogether to remorse, and strikes a 
discordant and painfully sentimental tone 
in his long reply. According to Oscar _ 
Wilde, a sentimentalist is one who desires 
the luxury of an emotion without wanting 
to pay for it. Such a one is Dr Miiller. 
When he writes again and proposes a visit 


to Turin, Levi is dismayed. Dr Müller in- 


sists, but the story has a poignant ending, 
for, before the encounter can be consum- 
mated, Levi receives the announcement 
of the unexpected demise of Dr Lothar 
Miller in the sixtieth year of his life. 
Horace Walpole said that life is a com- 
edy to those who think and a tragedy to 
those who feel. Primo Levi does both, but 
he maintains, in the face of the turbulent 
events that he describes, a quizzical de- 
tachment. It is partly this quality that 
makes The Periodic Table such a transfix- 
ing book, and one that eludes categoriza- 
tion. It is learned, funny and elegaic, and 
with “Carbon” — a fancy that pursues the 
journey of a carbon atom from its place in 
a limestone lattice into the brain of the 
writer — it evanesces, leaving the smile of 
the alchemist to linger in the memory. © 


Waiter Gratzer is in the Medical Research Coun- 
cil Cell Bio Ay Unit, Kings College London 
(KQC), 26-29 Drury Lane, London WC2B 
SRL, UK. 
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Supramolecular sort 
of small-talk 


Marvin L. Hackert 





Supramolecular Enzyme Organization: 
Quaternary Structure and Beyond. By 
Peter Friedrich. Pergamon/Akademiai Kia- 
do, Budapest:1985. Pp.300. £22.50, $36. 





CLASSICAL enzymology, with its stress 
upon the separation and characterization 
of pure enzymes, has contributed much to 
our understanding of enzyme action and 
regulation in vitro. Unfortunately, much 
was lost in this process and often we failed 
to establish how enzymes function in vivo. 
This is the central theme of Peter Fried- 
rich’s book, which foresees the dawning of 
a new era in “cellular enzymology”. The 
new emphasis will be on associations be- 
tween interacting enzymes as we Strive to 
understand metabolic pathways with a 
description that is molecular, but based on 
a system that is cellular. 

The book is intended for the non- 
specialist and begins with a review of 
terms to describe levels of enzyme struc- 
ture and the chemistry of protein-protein 
interactions. A survey of enzyme associa- 
tions from quaternary structure through 
to supramolecular assemblies follows, 
each level being illustrated with several 
examples and an account of the methods 
used to investigate them. Thus, enzyme 
organization is considered as a continuum 
from simple interactions in an oligomer to 
the ill-defined, transitory interactions 
expected in a glycosome. 

The supramolecular level of enzyme 
organization refers to physical clusters of 
two or more enzymes with different cat- 
alytic activities. The general advantages of 
such intermolecular organization are de- 
scribed, with the emphasis upon how 
structural organization can serve function- 
al ends (channelling, modulated kinetic 
parameters, coordinate regulation and so 
on). Stable multi-enzyme complexes are 
the simplest systems where particles ex- 
pressing more than one catalytic activity 
can be isolated; multi-enzyme conjugates, 
where different catalytic activities reside 
on a single polypeptide chain, presumably 
because of gene fusion, are also consider- 
ed in this class. (Tryptophan synthase and 
the pyruvate dehydrogenase complexes 
are given as examples of the former, while 
the fatty acid synthase from yeast repre- 
sents the latter.) Post-translational, co- 
valent modification to control of enzymic 
activity is covered briefly, but cascade 
systems are not mentioned. 

Presented next are the well-defined en- 
zyme assemblies associated with subcellu- 
lar structures, integral membrane systems 
such as the respiratory chain and scaf- 
folded enzyme arrays typified by the ribo- 
some. Beyond these is the emerging class 
of loosely associating structures involving 
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“soluble” enzymes. It is to the promotion 
of such systems that the book is dedicated. 
Communication within and between en- 
zyme systems takes the form of weak in- 
termolecular interactions which constitute 
a sort of biomacromolecular small-talk, a 
form of molecular gossiping which enables 
control signals to be sensed throughout a 
metabolic pathway via transient encount- 
ers. Friedrich describes the evidence for 
clustering of “soluble” enzymes and the 
methods employed to study such systems. 
The roles of macrocompartments (org- 
anelles) and microcompartments are also 
discussed, and here he defends the bio- 
logical value of transient enzyme associat- 
ions in creating microcompartments on 
the basis of calculated enzyme collision 
frequencies and catalytic turnover rates. - 

The book concludes with the author's 
view of current trends in enzymology and 
its prospects for the future. Computer 
simulations of complex enzymes and 
metabolic pathways will yield estimates of 
the flux sensitivity of individual enzymes 
in a pathway, while still recognizing that it 
is the whole pathway and not an individual 
enzyme whose regulation is important. 
Friedrich advocates a holistic strategy, 
with less importance being accorded to 
“unusual” properties of enzymes 
observed in vitro. For example, 
tricarboxylic-acid-cycle enzymes in the 
mitochondrial matrix experience high 
protein concentrations and relatively little 
free water or unbound substrate, and so it 
is important to mimic the cellular milieu in 
experiments which test the hypothesis that 
quasi-organized metabolic pathways exist 
and have important roles in vivo. Condi- 
tions resembling the natural ambience of 
the enzyme must be employed in conjunc- 
tion with non-invasive spectroscopic and 
NMR techniques to practise “cellular 
enzymology”. 

Over a fifth of the book is taken up by 
the 1,351 references, almost all dating 
from 1981 or previous years. This has led 
to some errors, but none of them are too 
serious, and indeed are perhaps inevitable 
in such a wide-ranging treatise. There are 
relatively few works available that present 
such a broad overview of enzyme orga- 
nization, and Peter Friedrich is to be com- 
mended for undertaking such a difficult 
job. His book will be invaluable reading 
for all serious enzymologists. o 





Marvin L. Hackert is Associate Professor of 
Chemistry at the University of Texas, Austin, 
Texas 78712, USA. 


New in paperback 
è The Primary Source: Tropical Forests and 
Our Future by Norman Myers. Publisher is W. 
W. Norton, price is $10.50, £7.50. For review 
see Nature 311, 184 (1984). 
è Woodland Conservation and Management by 
George Peterken. Publisher is Chapman & 
Hall, price is £14.95, $33. For review see Nature 
296, 519 (1982). 
è Fusion by Joan Lisa Bromberg. Publisher is 
MIT Press, price is $9.95, £9.95, For review see 
Nature 302, 768 (1983). 
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land 2. Edited by D.M. Glover. JRL 
Press:1985. Vol. 1 pp.190; Vol. 2 pp.245. 
















Some years ago, when I was at a station 
bookstall and just before getting on a 
tain, I bought my first book on cloning. It 
was. entitled Cloning, had been written by 
“a biophysicist, David Shear, and was 
“being remaindered for 40 pence. The 
90k was not quite what I had anticipated. 
t describes how a middle-aged molecular 
“biologist, himself a member of a clone, 
and his ex-wife Carolyn fight for equal 
<c rights for men and androids. It is possibly 
_. not surprising that the two volumes edited 
by David Glover are more convincing as 
well as being more useful to the run-of- 
the-mill molecular biologist; however, I 
also find them better reading. 
The techniques of DNA cloning lie at 
the root of the recent developments in 
nucleic acid biochemistry. The first isola- 
tion of a type IT restriction endonuclease 
in 1970 was shortly followed by the de- 
velopment of plasmid and bacteriophage 
-. cloning vectors. However it remains true 
-= that molecular cloning into Escherichia 
coli. vectors constitutes the hard core of 
recombinant DNA technology, and it is 
“this field that is the subject of the first 


volume of DNA Cloning. 
_» There are nine chapters, written by 
_ different authors, covering various 


aspects of cloning, manipulating and ex- 





= @ Since the completion of this review, 
-+ Blackwell Scientific have published Basic 
Cloning Techniques: A Manual of Ex- 
-~ perimental Procedures (price £11.80, $27), 

` a 200-page paperback based on the course 
on molecular cloning run in the School of 
Biological Sciences at the University of 
“Leicester. The book — (edited by R.H. 
















_ suspect, designed for teaching purposes, 
although research workers will also find it 
of value. Within the IRL Practical 
= Approach series (of which DNA Cloning 
is apart) there are other volumes that deal 
. with agarose gel electrophoresis and the 


techniques associated with the study of 


~~ transcription and translation, so Basic 
© Cloning Techniques covers a somewhat 
larger range of material than DNA Clon- 
ing but, as might be expected, does so in 
considerably less depth. However the fact 
that all of these books cost less than a tube 
-of restriction enzyme means that most 
laboratories will not need to agonize over 
rof them to ieee _ Michael Neuberger 











NA Cloning: A Practical Approach, Vols — 


Each volume pbk £14, $25; two-volume set 


*ritchard and I.B. Holland) is a compila- 
on. of the experimental procedures | 
-taught at Leicester, and the format is- 
essentially that of a course manual; itis, I. 





pressing DNA in gram negative bacteria. 


! Thus. for example, Kaiser and Murray 


describe phage à vectors, Hanahan gives 
a detailed account of DNA transform- 
ation into E. coli and Fritz writes about 
oligonucleotide-directed mutagenesis. 
This volume also includes two chapters on 
cDNA cloning, the one by Huynh et al. 
being the most detailed guide to date on 
cloning into phage Agtl1. The editor has 
ensured that a consistent style and pres- 
entation is maintained from chapter to 
chapter, and the extremely detailed pro- 
tocols are preceded by a helpful discussion 
of the theoretical background to the tech- 
niques and a consideration of the critical 
parameters. 

The second volume deals with the intro- 
duction of DNA into organisms other than 
E. coli. Here one can learn the rudiments 
of cloning into bacilli, streptomycetes, 
yeast, plants, fruit flies and mammalian 
cell lines (are transgenic mammals to be 
included in a subsequent edition?). The 
range of the subject is clearly vast and the 
coverage necessarily somewhat eclectic; 


any individual researcher is unlike 
have more than a passing acquaintan 
with more than a couple of the membe: 
this- zoo. Nevertheless, I found the 
chapters in my own field to be extremel 
useful, and enjoyed reading the detaile 
procedures about cloning into organist 
that I have never worked with —- muc 
like browsing through travel brochure: 
without having to undergo the inconve: 
ence entailed in the travelling itself. 
These two volumes are a strong adi 
tion to the IRL Practical Approach serit 
Fhey are essentially cookery books th 
should be found in the laboratory, as wi 
as the library — they may well merit t 
occasional monitoring with a Geiger cou 
ter. Their popularity has already be 
clearly demonstrated by the annoyi: 
tendency of the review copies to disappe 
from my desk and resurface a few da 
later in other laboratories scattered 
around the building. La 





Michael Neuberger is in the Medical Research - 
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What is chaos? 


lan Percival 


Chaos. Edited by Hao Bai-Lin. World 
Scientific/Wiley: 1985. Pp.576. Hbk £50.80, 
$63.50; pbk £23.30, $29. 

Universality in Chaos. Edited by Predrag 
Cvitanović. Adam Hilger: 1984. Pp.514. 
Hbk £29.50, $55; pbk £11.95, $19. 





SCIENCE takes ordinary words and puts 
them to specialist use. The “force” that 
produces acceleration and the “energy” 
that is conserved are not the same as the 
force and energy of non-scientific litera- 
ture. The same applies to “chaos”. 

Chaos can refer to static structures, but 
it is primarily about the motion of dyna- 
mical systems. It should be possible to 
formulate the motion mathematically, so 


chaos in the scientific sense does not refer | 


to political chaos, for example. Further- 
more the study of chaotic motion is main- 
ly concerned with systems of finite order 
that are not subject to any kind of noisy 
input. There is no need for an infinite 
number of degrees of freedom or for ex- 
ternal or quantum fluctuations for chaotic 
motion to take piace. Dynamical systems 
in which future states are determined from 
the present state by very simple functional 
relations or differential equations can still 
be chaotic. How can such simple systems 


show any kind of motion that can be 


described as chaotic? 

Local exponential divergence with 
global confinement make chaos, the states 
of the system being represented by points 
in the phase space. The divergence pro- 
duces a local stretching of the phase 


space, but, because of the confinement, | 
i this stretching cannot continue without a 


folding or chopping. Successive folding. 
and refolding produces such complicated 
behaviour that it has the appearance of 
random motion, hence chaos. é 

For Hamiltonian systems the stretching 
in one direction is exactly compensated by. 
a shrinking in another direction, so that. 
area in the phase space is conserved, 
whereas in dissipative systems there is no. 
such compensation. There can be chaotic: 
motion for both, but it differs in detail, 
and for Hamiltonian systems the motionis_ 
sometimes called “irregular” or “stochas- 
tic” instead. Chaotic motion may appear. 
to be ordered or regular over long periods. 
of time, but in other cases the apparently 
random behaviour appears rapidly. 

The history of the subject over the pas 
few decades has been one of convergence 
Separate studies in widely different field: 
led to similar conclusions, but only gradual 
ly was it realized that they all had feature: 
in common — biological populations, sit 
plified models of fluids, chemical reac 
tions, periodically perturbed mechanica 
structures, the asteroid belts of the Sola; 
System and particles confined to storage 
rings or toroidal plasmas have all been 
shown to exhibit chaotic motion. Compu: 
ters have been invaluable tools for numer 
ical experiments, and the computer 
produced illustrations of the behaviour o! 
chaotic dynamical systems can be both- 
illuminating . and beautiful. Dynamics i 
repaying the compliment by providing - 
new insights into approximations for 
numerical computation. 

Chaotic motion has given us a fresh 
view of the foundations of statistica 
mechanics, provides us with a timely 
warning of the dangers of using linear. 
theory as a first approximation in. the 











study of nonlinear systems, and shows that 


number theory and fractals have impor- 
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tant roles to play in work upon dynamical 
systems. Chaotic motion in systems of 
finite order provides some hope that an 
understanding of turbulence might be 
within reach, a motivation which under- 
lies many of the papers in the books under 
review. A solution of this particular prob- 
lem still escapes us, however. 

Because the study of chaos has so many 
roots, the early sources appear to be distri- 
buted as randomly among the journals as 
the phase points in the phase space of a 
chaotic system. There are some textbooks 
and good review articles on various topics, 
but because none of them adequately cov- 
ers the whole field it is not easy to get an 
overall view of the subject. 

Does Hao Bai-Lin’s anthology of some 
of the more original papers improve the 
situation? Yes, with qualifications. The 
papers of Kolmogorov on the preserva- 
tion of order in Hamiltonian systems and 
of Landau and of Hopf on the problem of 
turbulence are classics in their fields, and 
are difficult for the general reader to find; 
their inclusion is to be welcomed. 

In other respects this collection can be 
compared to Predrag Cvitanovi¢’s, which 
also contains about 40 papers in the same 
general area. Surprisingly, the two books 
have only six papers in common. We can 
find out in both how Lorenz was led to 
doubt the feasibility of very long-range 
weather prediction, and how he related 
his differential equations in three dimen- 
sions to a one-dimensional map, we can 
admire May’s introduction to simple sys- 
tems with complicated dynamics and fol- 
low through to Feigenbaum’s classic ex- 
position of renormalization and universal- 
ity. We find Metropolis, Stein and Stein's 
use of symbol sequences to study maps on 
the interval, Henon’s numerical study of 
second-order quadratic maps with attract- 
ors, and Crutchfield and Huberman’s 
studies of the effect of external noise. 
Neither editor does justice to Hamiltonian 
systems, however, whose properties are 
illustrated by the behaviour of the orbits 
of iterated area-preserving maps. Omitted 
from both collections are Greene’s classic 
paper on the standard map and Henon’s 
on the quadratic map. 

Each book has an introduction, and 
those who like lively informality will pre- 
fer Cvitanovic’s. But both are useful col- 
lections, of great value for researchers 
in related fields, and the earlier papers 
provide valuable insight into the motiva- 
tion behind more recent research. Librar- 
ies and specialists would do well to get 
hold of the two of them; for others Uni- 
versality in Chaos is to be preferred on 
grounds of value for money. If Hao Bai- 
Lin’s book is reasonably priced in China, 
it should attract a large new population of 
Scientists to the burgeoning field of chaos 
in dynamical systems. o 


lan Percival is a Professor in the School of 
Mathematical Sciences at Queen Mary College, 
University of London, Mile End Road, London 
El 4NS, UK. 
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BOOK REVIEWS 
Disappearing acts in 
the oceans 


Peter J. Smith 


Lost Islands: The Story of Islands That 
Have Vanished from Nautical Charts. 
By Henry Stommel. University of British 
Columbia Press/Academic and University 
Publishers, London: 1985. Pp.146. $30.50, 
£30.50. 


AS RECENTLY as 1982, the offices of 
Lufthansa Airlines in London, Boston 
and New York were displaying rather 
handsome globes upon which was to be 
found Ganges Island, located about a 
third of the way between Japan and 
Hawaii. The most startling fact about 
Ganges, however, is that it has never ex- 
isted. During the nineteenth century, six 
sightings of land at about 31°N, 154°E 
were reported; and on the grounds that 
such a potential danger to shipping could 
not be ignored, the supposed island was 
included on hydrographic charts despite 
the innumerable failures of Pacific Mail 
steamers to confirm its reality. The non- 
existent island was still on the Internation- 
al Hydrographic Bureau’s list of possible 
navigational hazards as late as 1932 and 
was not deleted from British Admiralty 
charts until 1941. 

This is an example of what Stommel 
means by a lost island, although “lost” is 
perhaps hardly the most appropriate word 
to describe something that was never real- 
ly found in the first place. Be that as it 
may, the version of Admiralty Chart 2683 
dated 1875 contained no fewer than 142 of 
them in the Pacific alone. Some years la- 
ter, Sir Frederick Evans, newly appointed 
hydrographer to the Royal Navy, decided 
to consign 123 pin-pricks of land to obli- 
vion, including three genuine islands that 
had later to be reinstated. But many more 
throughout the world were to cling tena- 
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“London going out of Town — or — The March of Bricks 
(1829), reproduced from The English Landscape: Past, Present, and Future edited by S.R_J. 
Woodell. Publisher is Oxford University Press, price is £15. 
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ciously to their ghostly life; and one 
(Thompson Island) is still to be found on a 
current US Defense Mapping Agency 
chart (last revised 1965) in spite of having 
beer expunged from the British Admiral- 
ty maps as long.ago as 1931. 

That imaginary islands should still have 
been entering the charts in the nineteenth 
century (the starting point of Stommel’s 
survey) is not surprising. Many were 
genuine mistakes arising from the con- 
tinued inability to determine longitude 
with any accuracy. A real island could 
easily acquire an illusory twin, or even 
multiply into an archipelago, as a result of 
incorrect longitudes assigned by succes- 
sive observers. Other fictitious islands 
were born of reporting, charting and 
typographical errors. Some were based.on 
optical illusions; a night-time rain squall 
or large icebergs can convince a whole 
ship’s crew that they are seeing great black 
cliffs surrounded by breakers. Then there 
were deliberate fabrications. Captain 
Benjamin Morrell, “the biggest liar in the 
Pacific”, invented Morrell Island in the 
1820s to impress his backers, yet the island 
remained on Chart 2683 until 1907. 

Stommel, a scientist at Woods Hole 
Oceanographic Institute, half-apologet- 
ically dismisses his interest in the origin, 
history and demise of lost islands as “frivo- 
lous”. He should have no such reserva- 
tion. He may have entered a byway of 
geographical exploration, but he has 
made an entertaining and scholarly study 
of it. Besides, some imaginary islands 
have had far from frivolous consequences. 
The Mexicans put so much time, effort 
and money into the search for two non- 
existent “gold” and “silver” islands in the 
Pacific that they left the serious develop- 
ment of California far too late. Asa result, 
the region was so tenuously Mexican by 
1848 that it all too easily slipped into 
American hands. o 


Peter J. Smith is Reader in Earth Sciences at the 
Open University, Walton Hall, Milton Keynes 
MK7 6AA; UK. 
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Quasi-periodic oscillations in bright 


galactic-bulge X-ray sources 
F. K. Lamb”, N. Shibazaki’, M. A. Alpar” & J. Shaham* 


_ Departments of *Physics and tAstronomy, University of Illinois at Urbana-Champaign, 1110 W Green Street, Urbana, Ilinois 61801, ‘US! 
$ oe of Physics and Columbia Astrophysics Laboratory, Columbia Paes 538 W 120th Street, New York, New York 10027, U 





-Quasi-periodic oscillations with frequencies in the range 5-50 Hz have recently been discovered in X-rays from two brig 
galactic-bulge sources and ScoX-1. We propose that these sources are weakly magnetic neutron stars accreting from d 


_ in which the plasma is clumped. The interaction of the magnetosphere with clumps i in the inner disk modulates the accretio r 
S me rate, causing oscillations in the X-ray flux with many of the observed properties. 








_ QUASI-PERIODIC oscillations have recently been discovered in 
<- -X-rays from the bright galactic sources GX5-1 (refs 1, 2), CygX-2 
= (refs 3, 4) and ScoX-1 (refs 5, 6). The frequency, fo, of the 
principal peak in the power spectrum varies from 20 to 36 Hz 
in GX5-1, from 28 to 45 Hz in CygX-2, and from 6 to 17 Hz in 

= §coX-1. In all the available data on GX5-1 and CygX-2, fs 

-shows a strong positive correlation with the 1-18 keV count rate. 

The full-width at half-maximum (FWHM) Af, of the peak in 
the averaged power spectrum at Jp varies from 4 to 13 Hz in 
GX5-1 and from 12 to 20 Hz in CygX- 2, depending on the count 
rate, with relative widths Af,/f, in the range 0.21-0.60. Both 
sources show substantial red noise. In GX5-1 the r.m.s. fractional 
intensity variation caused by the quasiperiodic oscillations and 
that caused by the red noise both remain approximately constant 
as the source intensity increases, except perhaps at the highest 
intensities observed where the variation may be less. In CygX-2, 
on the other hand, the fractional variation caused by the oscilla- 
tions remains approximately constant but that caused by the 
red noise increases as the intensity increases. 

In ScoX-1, a narrow peak in the power spectrum is clearly 
present only during low-intensity intervals between flaring epi- 
sodes and during transitions to the quiescent state. At these 

< otimes the centroid frequency of the peak in the average power 
= spectrum is strongly positively correlated with the 5-15 keV 
count rate, as in the other two sources (van der Klis, personal 
communication). However, the frequency of the oscillations 
appears to vary erratically during transitions to extended low 
states. During one transition the peak in the spectrum was 
observed to broaden until eventually the oscillations did not 
stand out above noise (Middleditch and Priedhorsky, personal 
. communication). The FWHM of the principal peak in the ScoX- 
1 power spectrum varies from 1 to 10 Hz. In contrast to GX5-1 
< and CygX-2, the red noise down to the lowest frequencies so 
< far explored i is relatively weak when the oscillations are clearly 
present. Whether the oscillations in ScoX-1 have the same 
origin as those in GX5-1 and CygX-2 is not yet clear. 
It has been suggested*” that GX5-1 is a rapidly spinning but 
_ weakly magnetic neutron star accreting from a disk and that the 
oscillation frequency is the difference between the rotation 
~ frequency of the inner disk and the rotation frequency of the 
. star. This beat frequency is comparable with the oscillation 
_ frequencies observed in GX5-1 (refs 8, 9), CygX-2 and ScoX-1 
for neutron star spin rates ~100 Hz, dipole magnetic fields 
~10°G and accretion rates ~10'8 g 71, '. Such spin rates and 
=. dipole magnetic field strengths are consistent with the hypothesis 
<- that systems like these are progenitors of the millisecond rota- 
_tion-powered pulsars”’. In addition, for neutron stars rotating 
near their equilibrium spin rates the low harmonics of this beat 
frequency vary with accretion rate in a manner similar to the 
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observed variations of the dieien frequency with X- -ray 
intensity’. 
Here we propose a physical model of the quasi-periodic 
oscillations „Which show how the beat frequency postulati 
previously®? can become visible in X-rays. In this model, interac- 
tion of the magnetosphere with clumps in the inner disk causes 
the mass accretion rate and hence the X-ray intensity to vary 
at a harmonic of the beat frequency given by the difference 
between the rotation frequency of the star and the rotation | 
frequency of the inner disk. This idea has been suggested pre- 
viously as a possible explanation for some of the quasi-periodic 
oscillations observed. in cataclysmic variables (ref. 7; D. Lamb 
and B. Warner, personal communication). 
We show that the power spectra given by a simple version of 
this model are very similar to the spectra reported in GX5-1_ 
and CygX-2. In particular, red noise at frequencies below that 
of the quasi-periodic oscillations is a logical consequence of the- 
model. If all clumps in the inner disk contribute to the oscilla 
tions and if the properties of the clumps and the nature of their 
interaction with the magnetosphere remain unchanged, the 
strength of the red noise is proportional to that of the quasi. 
periodic oscillations, as observed in GX5-1. If not, the strength | 
of the red noise may increase even as the strength of the oscilla- 
tions decreases, as observed in ScoX-1. We present calculations 
which show that X-ray pulsations caused by beaming and rota- - 
tion of the neutron star are strongly suppressed relative to 
quasi-periodic oscillations produced according to the present 
model, under the conditions thought to exist in bright galactic 
bulge sources. Several observational tests of the model are 
described. s 


Physical model 


The plasma flow pattern around a weakly magnetic neutron sti 
accreting from a keplerian disk at near the Eddington critic 
rate is expected to be similar to that around supermassive blac 
holes in galactic nuclei accreting at near-critical rates'®™??, Th 
inner disk is radiation-pressure dominated, unlike the inns 
disks surrounding canonical accretion-powered pulsars wit 
dipole magnetic fields ~10'? G. The luminosity of the inner dis 
is supplied primarily by release of gravitational binding energ 
as the disk plasma spirals in, but also partly by radiation from 
the neutron star. The pressure of the radiation leaving the inn 
disk alone implies a disk height h=(M/M,)R, where Mg 
the mass flux corresponding to the critical accretion luminosit 
from the central star and R is the radius of the star. As a resul 
the magnetosphere is surrounded by a thick (h ~ r) disk coron 
containing cooler, denser plasma (see Fig. 1). A central corona 
and mass loss via a wind are expected because of heating. £ 
the surface of the disk by acoustic flux, magnetic flaring an 
radiation from the neutron star™™'*, In ScoX-1, the existence of 
radio lobes?" is direct evidence for mass ejection from the system 
The plasma. in the inner disk is expected to be spatiall 


inhomogeneous : as a a result of three mechanisms that can cause 


































ein First, vertical eruption of magnetic flux carried inward 
and amplified by the accretion. fow creates strong spatial 
nhomogeneities in the density and magnetic field strength'*'®. 
econd, for near-critical accretion rates, the disk-magnetos- 
phere boundary lies only a few stellar radii from the surface of 
the neutron star, under these conditions the inner disk is expec- 
d to be thermally unstable to the formation of clumps”. 
hird, the relative motion of magnetospheric and disk plasma 
drives the Kelvin- Helmholtz instability to large amplitudes near 
the inner edge of the disk, where the disk plasma is partially 
confined by the pressure of the magnetospheric field (ref. 21; 
h Aly, P. Ghosh and F.K.L., reported in ref. 22). 

The disk ends where B,B,5 = pv,rOQgh (ref. 21). Here B, and 
re the poloidal and toroidal components of the magnetos- 
ic field, ô is the width of the boundary layer, p and v, are 
density and radial velocity of the plasma in the boundary 
er, and Qa =Q, ~Q, is the difference between the angular 
ocity Q. of the plasma clumps and the rotation frequency 
f the star (see Fig. 2). We „expect 0. = Oxo, the keplerian 
lar velocity at the radius’ r,=0.52 we (2GM) IM?” 
of the boundary layer. Here u and M are the magnetic moment 
d mass of the star and M is the mass flux through the boundary 
layer. The spread in clump angular velocities within the boun- 
dary layer is then AQ, = (80x /drig8 = 1.5(8/ r) ko. 

In the boundary layer, plasma clumps drift radially inwards 
as they lose angular momentum by interaction with each other, 
with the surrounding gas and with the stellar magnetic field. 
Plasma is stripped from the clumps by interaction with the 
magnetospheric field and plasma. Important mechanisms are 
likely to include stripping by surface stresses resulting from the 
Kelvin-Helmholtz instability” or by reconnection of magnetic 
fux. in the clump with the stellar flux, perhaps in a manner 
analogous to the reported” stripping of plasma from comets as 
they move through regions of alternating field direction in the 
solar wind. Once stripped, plasma is quickly brought into corota- 
tion with the neutron star and accretes to the stellar surface, 
producing X rays there. 

` Unless the stellar field is axisymmetrical, aligned with the 
rotation axes of disk and star and centred in the star, the 
interaction of a given clump with the magnetosphere is greater 
at some stellar azimuths than at others. As a result, the rate at 
which plasma is stripped from the clump is greater at some 
azimuths than others (see Fig.3). We refer to the stellar 
azimuth(s) at which the stripping rate is greater for a given 
i Kamp as the special direction(s) for that clump. The pattern of 
| sei directions and the hehe Haar of the variation of the 
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| or a pattern of special directions with k-foid symmetry 
= 1,2,3,...), the pattern of mass flux to the stellar surface 


d hence the X-ray waveform approximately repeats with 
quency Or =k, Suppose, for example, that the rotation 
s of the star is aligned with that of the disk but its magnetic 
s is tilted with respect to its rotation axis. For a boundary 
"magnetic field that is perfectly dipolar, the magnetic press- 
on a clump is ©1+3cos*(Q_tt+¢), where ¢ is the phase 
the clump. Thus, if the rate at which plasma is stripped from 
mps is determined entirely by the magnetic stress acting on 
lumps, k= 2. For the same geometry, reconnection of the 
gnetospheric field previously entrained by the clumps with 
: ‘local magnetospheric field varies with frequency 205, also 
ing k = 2. However, if there is the slightest asymmetry between 
ie two magnetic poles, k= 1, even though most of the power 
in the clump waveform may be at 20a. Reconnection to the 
local magnetospheric field of a component of the magnetic field 
of a clump that remains fixed in the corotating frame (due, for 
example, to magnetospheric interaction with the clump) varies 
with frequency Qp, giving k=1. 
- As long as the field in the boundary layer is nearly dipolar, 
the power in the principal peak of the power spectrum typically 
. dominates that at the first overtone, due to the smoothness of 












































Fig. 1 Side view of the plasma flow pattern expected around a 
weakly magnetic neutron star accreting from a disk at near the 
critical rate'?. Shown are the neutron star (black circle), magneto- oe 
sphere (dark shaded circle), accretion disk (dark shading), inner 
disk corona (moderate shading) and central corona (light shading); _ 

6 is the opening angle of the funnel of the inner disk corona. 
Photons (long arrows) enter the inner disk corona both from the 

disk and from the neutron star; photons from the neutron star 
emerging along the axis of the disk are scattered by plasma in the 
central corona. Mass is lost from the disk via a wind (short arrows). 
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Fig. 2 Magnetospheric (N,) and clump (0) angular velocities 
in the inner disk and boundary layer, showing the meaning of the 
quantities Qp, AN p, ro and ô. Inside r,,, plasma is in generalized 
corotation® with the star; also indicated is the centrifugal radius 
r. at which plasma in the disk corotates with the star. The width 
of the boundary layer has been greatly exaggerated for clarity. 


the dipole field pattern. Even if the stripping rate varies as ba 


steeply as cos° [(Q_f+ d)/2], the power in the first overtone is -~ 
only 16% of that in the fundamental. Note that modulation of —- 
the X-ray intensity at the beat frequency will be observed even. 
if the emission from the neutron star is isotropic, as the luminos- 
ity of the star is modulated. l 

If the pattern of radiation from the neutron star is not axisym- 
metrical in the disk plane at the inner disk, scattering of radiation 
into the line of sight by clumps in the inner disk will create a 
periodic anisotropy in the radiation from the system, causing 
some modulation of the X-ray intensity seen by a distant obser- 
ver. However, we expect this effect to be much less important 
than modulation of the mass flux to the stellar surface for several. 
reasons, including the small solid angle subtended by the clumps 
at the neutron star, the very weak beaming expected from these 
neutron stars, and the suppression of modulation caused. by 
anisotropic radiation by the plasma surrounding the neutron 
star. The latter two effects are discussed in more detail below. 














Power spectrum 


The theory of random processes (see, for example, ref, 26) can 
be used to calculate the power density spectrum of the X-ray 


intensity time series I(t) produced by the collection of clumps ` E 
orbiting within the boundary layer. The X-ray intensity ` 
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Fig. 3 Schematic drawing of the narrow boundary layer at the 
inner edge of the disk, from which plasma accretes onto the surface 
of the neutron star. The spiral depicts the trajectory of a given 
clump, as seen in a frame corotating with the star. In this frame, 
the clump moves with azimuthal velocity r(Q..(r)—,) and radial 
velocity v, Plasma is stripped from the clump continuously, but 
the rate of stripping depends on the azimuthal position of the 
clump. The sections of the trajectory where-the stripping rate is 
high for this particular clump (the ‘special directions’ referred to 
in the text) are depicted with heavy lines whereas those where it 
is low are depicted with light lines. In this example, the frequency 
of the observed oscillations is equal to the fundamental beat 
frequency 0, =0,(r)-Q,. If instead the pattern of special direc- 
tions has 2-fold symmetry, the transfer rate is also high along those 
sections of the trajectory indicated with heavy dashed lines and 
the frequency of the observed oscillations is the first overtone of 
the fundamental beat frequency. 


waveform produced by exactly N clumps may be written 
N 
In (t) = I+ È F(t~t; Q.) (1) 


where J, is a possible constant intensity, F(t; ¢) is the waveform 
contributed by a single clump, and œ, is the azimuthal phase 
of the ith clump at the time it enters the boundary layer. Quite 
generally, an arbitrary clump waveform may be expanded in 
harmonics of the beat frequency: 


F(t; ġ)= [a+ > B,, cos (2anfpt + nd + an) G(t) (2) 


where A, B, ¢, and a,, are random variables, fa =0Q.,/27, and 
G(t) is an envelope function that describes the overall shape 
of the waveform. Equation (2) holds even if the special directions 
are different for each clump, as long as they have the same 
symmetry and remain fixed in the fraie of the star. 

Assuming that the number of clumps entering the boundary 
«layer in the observing interval is Poisson distributed, that ¢, is 


uniformly distributed, and that t, and ¢, are uncorrelated, the 


«expected power density spectrum of the time series (1) is 


(P(A) = HIPIN +21) +20) yew) 
HIP E lef na +E (3) 


where (I)=I,+(N)A) is the mean intensity, yin= 
"N\(A?)/2(1)*, and y? = (N)B2)/4(1)*. The structure function 
(f) is proportional to |s(f)|*, where s(f) is the Fourier trans- 
‘orm of G(t), but is normalized to unit area. It includes the 
lifetime’ broadening (FWHM Af, =1/ar) produced by the 
inite duration r of the waveform contributed by a single clump. 
The first term in equation (3) is the power density at zero 
requency due to the mean intensity, whereas the second is the 
sower density in the Poisson noise produced by photon statistics. 
Khe term proportional to g(f) describes the red noise caused 
y time variations in the photon arrival rate. The presence of 
this additional noise follows immediately from the fact that the 
aean X-ray intensity contributed by each clump is positive and 
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persists only for a finite time. All clumps that contribute to the 
oscillations then necessarily contribute to the red noise. (The 
converse need not be true.) The terms proportional to g(f — nf) 
describe the power density near nfa produced by the oscillating 
X-ray intensity. For most waveforms, the terms proportional to 
g(ft+nf,) can be neglected. 

The repetition frequency of the oscillations in the X-ray wave 
train contributed by a single clump varies in time as the clump 
drifts inwards across the boundary layer, since its angular veloc- 
ity varies with radius. This variation may be described by 
introducing a distribution of clump angular velocities. In addi- 
tion, one expects a distribution of clump lifetimes rather than 
a single lifetime. These effects may be included by averaging 
equation (3) over the expected distributions p( fs, T), which 
yields equation (3) with g everywhere replaced by £ =(pg). In 
the case of the oscillation terms, # equals g,, the convolution 
of g with p(f_/n, r)/n. Thus, if g and p may both be approxi- 
mated by a lorentzian (or gaussian) profile, g, is a lorentzian 
(or gaussian). After this averaging, (P(f)) has peaks at f, = nfa, 
where fs is the frequency (pfa), with FWHMs that are, loosely 
speaking, the sum of Af; and the width nAf, = nAQ »/27 caused 
by velocity shear in the boundary layer. 

The power in the zero-frequency, red noise and oscillating 
components ts 


r= | (P(f)) df = UF, (4) 
Pry = 21) YRN | a(f) df = UY yan (5) 


and 


P= UY Yh | ES) df 


0 


== (Ty? z| En) daf = UYY (6) 


e — 


Thus, the r.m.s. fractional intensity variation caused by the red 
noise is Yry =(Pry/Po)'’* whereas that caused by the oscilla- 
tion at f}, is y, =(P,/P)'/”. For comparison, the fractional 
modulation in the oscillation at f, (defined as half the peak-to- 
peak intensity variation of a sinusoid of equivalent power, 
divided by (IY) is m, =V2y,. 

If F(t; @) is a pure sinusoid (B, #0 for only one value of n, 
say m) and if the stripping of each clump occurs independently, 
A> Bm for each clump, as then the X-ray intensity contributed 
by each clump must be positive at all times. This implies yen > 
Ym If the assumptions concerning t, and ¢, made in deriving 
equation (3) are also satisfied, equations (5) and (6) show that 
P,, is at most 0.5 Pry. If F(t; ġ) is a pure sinusoid but @, is not 
uniformly distributed, the oscillation and red noise amplitudes 
interfere, introducing an additional phase-dependent term 
o Re g*(f)g(f—mfg) in equation (3) that changes the shape 
of the spectrum near mf,/2 but alters P,,/Prx by only a small 
amount. Such interference usually also occurs if œ, is correlated 
with 1. However, for some correlations between œ, and t, this 
interference is absent if t, is uniformly distributed, but the 
oscillation Fourier amplitudes contributed by different clumps 
interfere constructively unlike the red noise amplitudes, causing 
P,,, to exceed Pry by a large factor. Alternatively, if F(t; œ) is 
a pure sinusoid but is scaled by certain functions H(@), such 
as cos’?(d) for q»1, P, can approach Ppy. Finally, if 
F(t; p) < cos”? [(2amfpt + b)/2], with g>3, P, exceeds Pen. 

The power density (P(f)) used here is related to the power 
density P, defined in ref. 27 by the expression P, =(P(f))/(I). 
(Note that although the second of equations (1) of ref. 27 
displays the angular frequency w, P, in this equation is normal- 
ized to power per circular frequency interval.) 

Suppose the principal peak in the power spectrum is at the 
frequency f, = nf. According to the physical model described 
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above, as the mass flux M through the boundary layer changes, 
the radius ry of the layer changes also, causing a change in Q go. 
As f, may be treated as constant for times much shorter than 
the timescale for changes in the spin rate of the neutron star, 
here ~10° yr, the change in Qko results in a change in f, 
Consider now the relation between f, and the X-ray intensity I 
observed at Earth in a given energy band. If no mass was lost 
from the system after passing through the boundary layer, if all 
observed X-rays came from the surface of the neutron star and 
if there were no changes in the geometry of the emission region 
or the X-ray spectrum, I would be proportional to M. However, 
in the bright galactic-bulge sources there are strong indica- 
tions**-°* that these conditions are not satisfied. We therefore 
consider the more general relation I = I;(M/M;)®, where Ip = 
nLe in terms of the Eddington luminosity L,= 
1.257 x 10°°(M/Mo) erg-s' for hydrogen plasma. Here 7 is a 
conversion factor that takes into account the distance, as well 
as geometric and bolometric corrections. (If I is the Exosat 
1-18 keV count rate, D; is the distance in units of 8 kpc, and if 
the source emits isotropically with a spectrum like GX5-1, 
n =1.42x10 D, ct erg™'; compare ref. 2.) Then (compare 
ref. 9) 


fp = n[a(I/ Igy! -f,)] (7) 


where a = 1.57 x 10°(B,/10°G)~7(.R/10° cem) (M/M). 
Here B; is the dipole component of the stellar magnetic field. 
A frequently reported quantity** is the logarithmic derivative 
of f, with respect to the X-ray count-rate which, in this model, 
is given by (compare with ref, 9) 
dinf, 3 1 


wows ng T 





(8) 
where w,=2.,/OQxo is the fastness parameter’. 


X-ray pulsations 


X-ray pulsations produced by rotation of the neutron stars in 
the bright galactic-bulge X-ray sources have not yet been detec- 
ted. The canonical view is that the magnetic fields of these 
. neutron stars are so weak (B4 < 10° G) that they do not channel 
the accretion flow (see, for example, ref. 32). In contrast, the 
model of quasi-periodic oscillations developed here requires 
neutron star magnetic fields ~10° G in the bright bulge sources 
exhibiting such oscillations. Such fields could channel the 
accretion flow to some extent”? and hence could produce some 
X-ray beaming. However, in the context of the present model 
there are three distinct physical effects that, for distant observers, 
tend to suppress pulsations at the rotation frequency of the 
neutron star while leaving the quasiperiodic oscillations 
unaffected. 

First, X-ray beaming from the neutron star surface is much 
less in the present model than in canonical accretion-powered 
pulsars. The relatively weak magnetic field of the neutron star 
is less effective in channelling the accretion flow’’. Radiation 
pressure forces within the magnetosphere produced by the high 
luminosity of the star support the accreting plasma”’, causing 
it to settle over a large fraction of the surface of the star. Evidence 
that accreting plasma falls over a substantial fraction of the 
surface comes from analyses of the hard component in the 
spectrum, which yield emitting areas comparable with the sur- 
face area of a neutron star*?*°7!*>, Such a broad distribution of 
accreting plasma and the resulting broad X-ray beam produces 
modulation that is weak and is at relatively high harmonics of 
the rotation frequency of the neutron star. The modulation may 
be further weakened by gravitational bending of the X-ray 
photon ray paths in the strong gravitational field of the neutron 
star (K. Wood, personal communication; see also ref. 52). 

Second, the disk corona and central corona around the 
neutron star (see Fig. 1) tend to destroy X-ray pulsations caused 
by beaming while leaving the quasi-periodic oscillations caused 
by modulation of the accretion rate unaffected. The existence 
of a central corona with dimensions ~10’ cm and optical depths 
~4-12 is strongly indicated by analyses of the X-ray spectra of 
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Fig. 4 Fractional modulation in quasi-periodic oscillations seen 

by a distant observer as a function of coronal radius r, and 

oscillation frequency f,, for Tes = 10. Heavy curve: uniform sphere; 

light curve: thin shell For the example given in the text, 
log(r.o-f, ¢') = —2 (adapted from ref. 51). 


the bright galactic-bulge sources**'"*, After passing through a 
corona of electron scattering optical depth Te, = 4, the observed 
fractional modulation due to beaming, Mobs, is much less than 
Man Where Mstar is the fractional modulation that would be 
observed in the absence of the corona (for calculations that 
illustrate this behaviour in a different context, see Figs 3, 5 of 
ref. 38). In contrast, the quasi-periodic oscillations are caused 
by variations in the mass flux onto the neutron star. Thus, even 
if the emission from the neutron star were perfectly isotropic, 
these oscillations would still be observable. Because they do not 
arise from beaming, they are not reduced by isotropization, 
although they can be reduced by time-of-flight smearing. 
However, time-of-flight smearing is unimportant if the mean 
time for photons to propagate through the corona is less than 
the oscillation period, that is, if roorte/c<1/f, (see Fig. 4). 
Taking r.,,= 10’ cm, Te = 10 and my,,=0.1 as an example, the 
fractional modulation at the rotation frequency would be «1 
whereas the fractional modulation in 30 Hz quasi-periodic 
oscillations would be unaffected, that is, equal to the amplitude 
of the modulation in the accretion rate. 

Third, inner and outer disk coronae prevent us from seeing 
X-rays coming directly from the neutron star except when our 
line-of-sight is close to the rotation axis of the star, in which» 
case modulation caused by beaming is further weakened. The 
inner disk corona is expected to be both geometrically thick anga 
optically thick to electron scattering (see the discussion opm 
Fig. 1). There is strong evidence that in bright galactic-bulge 
sources the outer disk is also both geometrically and optically. 
thick*®*°. As a result, we do not see X-rays coming directly, 
from the neutron star except in systems with small inclinations”? 
Assuming that the rotation axis of the neutron star is perpen 
dicular to the plane of the disk, such systems are viewed fron 
near the rotation axis, a direction in which modulation causec 
by beaming is absent. 

Finally, the peak in the power spectrum at the rotatio: 
frequency of bright but weakly magnetic neutron star X-ra: 
sources may appear broad (G. Hasinger, personal communica 
tion; ref. 12), unlike the peaks in the power spectra of canonice 
rotation-powered pulsars. If the flow of accreting plasma to th 
stellar surface fluctuates sharply on a timescale comparable t 
the spin period of the star, the central peak will be accompanie: 
by a broad set of sidebands. Moreover, if the plasma falls on 
large fraction of the stellar surface and if the brightest spot 
move around the surface on a timescale comparable to the spi 
period, the X-ray wave train will be strongly phase-modulatec 
broadening the peak at f, (ref. 12). 

If our analysis of the weakness of X-ray pulsations at tt 
rotation frequency of the neutron star is correct, such pulsatior 
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Table 1 Representative models of GX5-1 


n By J P, B M, Mı Toy roz 

ł 5.5 384 2.6 3.6 082 0.91 3.1 3.0 

1 19.9 88 114 160 050 0.70 74 67 
3 1 31.6 39 26.0 0.58 030 0.55 11.1 94 
4 2 12.3 £191 52 36 0.82 0.91 49 47 
5 2 44.6 44 22.7 10 050 070 11.7 10.6 
6 2 70.8 19 51.8 058 030 055 176 149 


All models assume a 1.4 Mo neutron star of radius 10°cm and are 
fit to Jp = 20.07 Hz and Af, = 16:8 Hz The symbols and their units are. 
harmonic number n, dipole component of the stellar magnetic field B4 
(10° G), stellar spin frequency f; (Hz), rotation period P, (ms), mass 
flux at 2,427 c.p s. M, (Me), mass flux at 3,403 cps. M,(Mez), boundary 
layer radius rp, (10°cm) at M, and rẹ, (10°cm) at M}. Mg is the 
Eddington luminosity of the neutron star. 


should be most apparent in sources with relatively low intrinsic 
luminosities and optically thin coronae. 


Discussion 


The variation of oscillation frequency with X-ray intensity 
depends on the properties of the neutron star and the gross 
properties of the accretion flow, whereas the shape of the power 
density spectrum is determined by the physics of the boundary 
layer. Consider first the change in oscillation frequency. 

` Equation (7) fits the variation in f, with J observed’ in GX5-1 
for a substantial range of neutron star magnetic fields and stellar 
spin rates, as illustrated by Table 1 (see also refs 2, 9). Models 
1-3 assume that f, is the fundamental beat frequency; models 
4-6 that fp is the first overtone. All assume that the photons in 
the so-called ‘soft’ component of the spectrum come from the 
inner disk (see Fig. 1) whereas the photons in the ‘hard’ com- 
ponent come initially from near the surface of the neutron 
star'*°%3195 (but see ref. 4). In models 1 and 4 the 40% observed 
change in 1-18 keV X-ray intensity is assumed to be caused 
mostly by a change in the fraction of the radiation from the 
neutron star that is scattered into our line of sight, with the 
change in the mass flux through the boundary layer (and hence 
the accretion luminosity) only 10%. In models 2 and 5 the 
change in intensity is assumed to be due mostly to variation of 
the mass flux, which changes by 40%, whereas in models 3 and 
6 the change in the mass flux (80%) ıs much larger than the 
change in the X-ray intensity, as could be the case if most of 
the photons from the neutron star do not reach us. For each 
value of B, M, was fixed by assuming that a 1~18 kéV Exosat 
count rate of 4,850 c.p.s. corresponds to the critical luminosity 
and noting that the count rate J, corresponding to M, is 
2,427 c.p.s. (note, however,.that the value of y quoted above 
yields a luminosity at 4,850 c.p.s. of 1.9 Le for D=8 k.p.c. and 
M =1.4 Mo). M, i is then determined by I,, which is 3,403 c.p.s. 
Given the range in mass accretion rate, the dipole component 
of the neutron star magnetic field B, (324 / R°) is determined 
entirely by the variation A, of f, from F, to Iz. Once B4 is fixed, 
the stellar rotation frequency fs is determined by fp Both By 
and f, are quite sensitive to the assumed variation in M. The 
fastness parameter w, which is independent of n, ranges from 
0.95 for models 1 and 4 to 0.51’for models 3 and 6. 

Equation (7) can also be fit to the f, — T correlation observed 
in CygX-2 as well as that observed in ScoX-1 during local 
minima of the flaring state, for similar neutron-star magnetic 
fields and spin rates (see also refs 4, 6). The currently allowed 
variation in the parameters for different models of the same 
source is comparable to the variation from source to source for 
these three systems. If the same model is used, the inferred 
values of By, ro, and f, are similar for GX5-1 and CygX-2. 
However, Ba and ro are significantly smaller while f, is sig- 
nificantly larger for ScoX-1 (M. van der Klis, personal communi- 
cation). . 

Indirect support for the beat-frequency model is provided by 
the fact that the neutron-star rotation rates and magnetic field 
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strengths inferred from it are consistent with the idea*"”* that 
systems like GX5-1 and CygX-2 are progenitors of the milli- 
second rotation-powered pulsars?’ °’. Obviously, detection of 
weak pulsations at the predicted neutron-star spin rate would 
provide the most direct evidence in favour of this model. As 
Table 1 shows, measurement of f, would determine the harmonic 
number n and tightly constrain the change in mass flux through 
the boundary layer. However, it may be possible to constrain 
the beat-frequency model even without direct knowledge of f 
by extending the f, — J relation to higher intensity and increasing 
the precision of the measurements, since the shape of the theo- 
retical fp — I curve is different for different values of the para- 
meters. ‘ 

Consider now the evidence provided by the shape of the 
power spectrum. In the following discussion we assume that the 
average power spectra reported for GX5-1 and CygX-2 agcur- 
ately reflect the shapes of the individual spectra that have been 
averaged. If this is not the case, the model parameters appropri- 
ate to these sources will of course be different from those inferred 
here. 

The width of the peak caused by quasi-periodic oscillations 
depends on the sum of Af, and nAfs, whereas the shape of the 
red noise depends only on Aft. Thus, fits of model spectra to 
observed spectra provide estimates of both quantities. Figure 5 
compares one spectrum observed in GX5-1 with two model 
spectra. In GX5-1, the power in the oscillations is comparable 
to the power in the red noise down to the lowest frequencies 
so far explored, when the oscillations are most prominent, Recall 
that if the X-ray intensity waveform produced by each clump 
is sinusoidal and the assumptions leading to equation (3) are 
satisfied, P,, can be at most 0.5 Pryn. In the sinusoidal model P, 
does indeed equal 0.5 Pru, but half the noise power is at frequen- 
cies below the lowest frequency so far explored, due to the 
distribution of clump lifetimes. In the other model, the waveform 
is not a pure sinusoid, with the result that P, is 1.1 Pry. As 
shown in Fig. 5, these two models can be adjusted to fit the 
GX5-1 observations over the frequency range so far studied. 


_ For the non-sinusoidal model, an acceptable fit is not possible 


for Af, > 0.5 Hz. The’ fact that the lifetime broadening inferred 
from the red noise spectrum accounts for a substantial fraction 
of the width of the peak at f, in the averaged power spectra 
Suggests that the widths of the peaks in the individual spectra 
are not very different. 

Note that if the clumps are the dominant source of accreting 
plasma (Ip<(N){A)) and (A*)~{A)*, one can estimate the 
number of clumps in the boundary layer, as then (N) ~ 1/2y2n.- 
The result is (N,)=(N,)~30 for the sinusoidal model and 
{(N)~ 120 for the other. Both models can also be adjusted to 
give good agreement with the spectra reported* in CygX-2. 
Because the spectra they predict have different low-frequency 
behaviour and different harmonic content, future observations 
can distinguish between them. 

Analysis of the harmonic content of the oscillations cgn-help 
to determine whether the observed peak is the fundamental beat 
frequency or an overtone. If f, represents the fundamental 
(n=1), power may be expected at integer multiples of fp but 
not at f,/2. If instead f, is the first overtone (n = 2), some power 
may be expected at the fundamental beat frequency f,/2. The 
distribution of power among the harmonics of f, also constrains 
the physics of the process by which plasma is stripped from the 
clumps: the weaker the overtones, the more linear the process. 
The absence of a prominent feature at 2f, indicates that the 
variation cannot be as steep as cos”? [rft +¢ġ)/2] with q> 4. 

The ratio of the power P, at the principal oscillation frequency 
to the power Pry in the “red noise depends on the harmonie 
content and fractional modulation of the X-ray waveform pro- 
duced by a single clump. The relatively large apparent value of 
this ratio (~1) in GX5-1 and CygX-2 suggests a large fractional 
modulation. If this is confirmed when the spectrum is extended 
to lower frequencies, substantial azimuthal variation of the 
conditions in the boundary layer is indicated, favouring mag- 
netospheric geometries in which the axis of the stellar field is 
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Fig.5 a, Average spectrum observed in GXS5-1 at 2,277- 
2,486 c.p.s., when f, = 20.07 Hz and Af, = 4.2 Hz (ref. 2). The spec- 
trum to the nght of the peak has been smoothed. A visual estimate 
of the 1e error at 2f, for a bin size of 0.5 Hz i is shown. b, Power 
spectrum calculated fora model with Fc cos ST (2afat + )/ 2] and 
a single clump lifetime (solid curve: y =2.5y.= 15y; = 1.1yryN = 
6.7x107*, f =20.07 Hz, r=0.085s, Afs, =0.47 Hz; the relative 
widths A In (f,,) of the peaks at f, 2f, and 3f, are 0.21, 0.12 and 
0.085, respectively} and a model with Focl+cos (Qafgt+ @) and 
two ‘clump lifetimes (dashed curve. Ypna = Yrnb = V2 Yia = 
VZyap =6.3 x10, fi =20.07 Hz, 7,=50s, 7,=0.085s, Afi = 
Afs, = 2.6 Hz). Both models assume the assumptions leading to 
equation (3) are satisfied, a clump envelope G(t)= 
6(t)exp(-—t/7), and a lorentzian angular velocity distribution, 
which gives 


g,(f) = 27,[1+ (Qafr,)7J" 
and 


EnC) =27,(1+ mndfer, nS -an [1+ an dfgr Py" 


Note the marked difference in the low-frequency behaviour of the 
two calculated spectra and the much smaller difference in harmonic 
content. 


tilted by a substantial angle or is offset from the centre of the 
star by a substantial distance. In both sources P, is observed to 
vary. If the clump waveform remains unchanged as P, varies, 
Pry is proportional to P,, as observed in GX5-1 (ref. 2). More 
generally, Pry need not be proportional to P, and may even 
increase as P, decreases, as has been reported in i ScoX- 1 (ref. 6). 
If the changes i in P,/ Pen are caused by variations in the shape 
of the clump waveform, the relative strengths of the harmonics 
of f, must also change, whereas if they are due entirely to 
changes in the fractional modulation of the waveform, the 
relative strengths must remain unchanged. Thus, precise 
measurements of the power spectrum can show which effect is 
more important. 

The ratios P,/ P, and Pry/ Po are related to the r.m.s. frac- 
tional modulation of the waveform produced by the clumps 
involved. The substantial (~4-10%) fractional modulations 
observed”** favour models like the present one in which the 
modulated X-rays come from the neutron star, as that is where 
the bulk of the gravitational energy becomes available. Assuming 
that plasma entering the inner disk accretes onto the star, the 
fractional modulation obtained even by converting 100% of the 
energy of relative motion at the magnetospheric boundary into 
sinusoidal X-ray oscillations would be!” ms 


” 
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0.5(R/19)(1— w,)? ~0.1-1%, so that dissipation of this energy 
is unlikely to make an important contribution to the observed 
oscillations. The fractional modulation obtained even by con- 
verting 100% of the energy dissipated by electrical current’ in 
the boundary layer”! into sinusoidal X-ray oscillations’ would 
be? m<(R/1r9)(1—@,) ~2-5%, so that this effect is unlikely to 
be as important as modulation of the accretion rate to the stellar 
surface. If considerably more plasma flows through the inner 
disk than accretes onto the star, the energy dissipated in the 
boundary layer may be greater, but the variability of the X-rays 
from the boundary layer then tends to be smeared out by electron 
scattering in the plasma flowing out from the inner disk??. 

If most of the photons from the star reach us without gaining 
or losing appreciable energy, the oscillations and red noise 
should be most prominent in the spectral component that comes 
from the neutron star. However, photons from the star will suffer 
an energy shift AE ~E after only (m,c kyT,) scatterings, if 
T, > T,, or (m,c*/k,T,) scatterings, if T, < T, (ref. 44). Thus, if 
those photons from the star that reach ‘us' only after scattering 
through a plasma of optical depth r~'10 (for T,=2 keV and 
Te ~ 147 keV; refs 4, 31, 36), will have energies characteristic of 
the temperature of the plasma rather than that of the surface 
of the star. As shown above, plasma of this optical depth would 
not affect the amplitude of the observed’ oscillations if its 
dimension is <10” cm: In any case, the X-ray spectral depen- 
dence of the variation in intensity ‘due to the red noise at 
frequeficies not too far below f, should be similar to that of the 
variation due to the quasi-periodic oséillations. 

From the narrowness of the observed peak at fp one can show 
as follows that the lifetime 7 of a clump is long compared with 
the time for it to fall freely dcross the boundary layer, and hence 
that its angular velcoity Q, must be keplerian. The time required 
for a clump to cross the boundary layer in free-fall is”! Atg~ 
(1/Qko) (8/ro) 7, where Oxy is the keplerian angular velocity 
at rp. Now Af, > Af, = 1/ ar. Further, Jp ~ (nO.x9/27)-(1—@,). 
Thus, 


2/n fy 
— a, Af, 


Given that Q, is closely keplerian in the boundary layer, Af, > 
nAfs= (n/n) (30.,/adr|)s = (3 n/4)Qxo(5/ro). Using this 
relation, one can show 


8/t)<(2/3)(1— o, )(Af,/f,) ~ 1071-107 (10) 
Noting that v~ 
v/v <(n/3)(1— -wP (Af,/ f) ~ 10- 107% 0 (11) 


An independent estimate of 7 is provided by the noise com- 
ponent of the spectrum, which must flatten below the critical 
frequency f~ = 1/2rr. ` : 

The quasi-periodic oscillations seen in ScoX-1 are observed 
to disappear altogether at times (refs 5, 6). If they are correctly 
interpreted in terms of the present model, the fact that Af, has 
been observed to increase substantially during a transition’ from 
flaring to quiescence (W. Priedhorsky, personal communication) 
suggests that conditions within the boundary layer are variable. 
The broadening could be caused by increased shear-or a shorter 
mean clump lifetime. Fits of equation (3) to the red noise and 
the oscillation peak can indicate which is more important. ‘If 
conditions in the inner disk change sufficiently, the formation 
of clumps could be inhibited. We note also that if the:density 
and radius of the corona above the inner disk increase to the 
point that r.o,Tes/c > 1/f,, the oscillations will be destroyed by 
electron scattering in the corona. In this case, changes in the 
X-ray spectrum characteristic of the development of a denser 
and more extensive corona should be observable. Thus, simul- 
taneous measurements of the X-ray spectrum and power spec- 
trum can help to determine the relative importance of these 
processes. 

The present model suggests a natural explanation for the 
‘dips’ occasionally seen in GX5-1 when the X-ray intensity is 
near its minimum value’. In our model the radius r of the 





~10-200 (9) 


5/7, one can also show 
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inner edge of the disk is quite close to the centrifugal radius r, 
Thus, when the mass accretion rate is near its minimum value, 
ro may briefly equal or exceed r. When this happens, the mass 
flux from the inner edge of the disk to the neutron star tem- 
porarily ceases”"*? and one observes only the ‘soft’ component 
from the disk”. 

Finally, we emphasize that the model described here may be 
relevant to other galactic-bulge X-ray sources. For example, the 
2 Hz oscillations seen” in long flat-top bursts from the Rapid 
Burster may be a beat frequency phenomenon If so, our model 
implies that the Rapid Burster has a surface magnetic field ~10"" 
gauss, assuming f,~20 Hz. The absence of a so-called ‘soft 
component in the X-ray spectrum of the Rapid Burster (Y. 
Tanaka, personal communication) also indicates that this source 
has a significant magnetosphere. If the 10`? Hz oscillations 
reported” in the 8 s accretion-powered pulsar 4U1626 — 67 also 
prove to be an example of this phenomenon’, it would demon- 
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strate that the thermally unstable region of the mner disk 1s not 
essential to the development of clumping, as such a region 1s 
absent in this source. Our model then gives an estimate of the 
surface magnetic field of ~10"? gauss. This estimate 1s indepen- 
dent of the similar estimate derived from the observed spin-up 
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Hypervariable telomeric sequences from the human 


sex chromosomes are pseudoautosomal 
Howard J. Cooke, William R. A. Brown & Gudrun A. Rappold 


MRC Mammalian Genome Unit, King's Buildings, West Mains Road, Edinburgh EH9 3JT, UK 


Pairing of human X and Y chromosomes during meiosis initiates within the so-called pairing region at the telomeres or 
the chromosome short arms. Using DNA from the Y chromosome we found sequence homology mn the pairing region of 
the human X and Y chromosomes. This DNA is telomeric, contains repetitive sequences and is highly polymorphic in the 
population. The polymorphism has allowed family studies which show the sequences are not inherited as though linked to 
the sex chromosomes. This ‘pseudoautosomal’ pattern of inheritance points to an obligate recombination in the pairing 


region of the sex chromosomes during male meiosis. 





TELOMERES are DNA sequences which ensure the integrity of 
linear chromosomes through meiosis and mitosis. In particular, 
teleomeric DNA is specialized to enable the 3’ ends of linear 
chromosomal DNA to be completely replicated (see ref. 1 for 
review). Telomeres also have a number of cytological properties, 
the significance and molecular basis of which are unknown. 
Telomeres are often reversibly associated with one another or 
with the nuclear envelope. Fusion of the telomeres of different 
chromosomes constitutes a ‘robertsonian”’ fusion and is a 
mfrequent cause of the karyotypic differences between related 
species. Understanding these features of the telomere requires 


the identification and structural characterization of the DNA at 
its core. 

Telomeric DNA has been studied in greatest detail in lower 
eukaryotes. Tetrahymena ribosomal DNA was first used as a 
source of telomeric DNA fragments These telomeric sequences 
are G+C-rich (represented generally as 5’C,_, (T/A),.43') and 
appear to be sufficient for function in yeast via the addition by 
the yeast cell of its own C,_,A version of this sequence. 

In higher eukaryotes a number of telomere-associated sequen- 
ces have been described’. It is not clear how close these sequen- 
ces are to the DNA terminus, most of these sequences have 
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Fig. 1 Restriction maps of A, Xp and Yg 

_ chromosome termini; B, cosmid CY29; C, 
expanded map of distal EcoRI fragment 29C. 
Heavy lines are- vector sequences. Maps in B 
and C were generated by end-labelling and. - 
partial digestion. CY29 was selected from a ' 
cosmid library, constructed froma partial MboI -. 
digest of 3E7 DNA”? by standard techniques”? 
oh the basis of hybridization to total human 
DNA. CY29 is free from detectable mouse’ 
repeated sequences, CY29 was linearized at the 
Pvul site, partially digested with the enzymes ` 
shown and transferred. to. nitrocellulose by 
bidirectional transfer*’. One filter was probed 
with the large Poul- EcoRI fragment from the 
còsmid vector pJB8*? and the other with the 
smaller EcoRI- Poul vector fragment. Fragment C 
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sizes were measured and calculated according A at ul mw | S18 ý 
to Southern and Elder?..The map for 29C, a Hp HpHp Hp Hole l 
‘subclone in pUC9™ was generated by cleavage 4 co. Pa C1 pa C4 >a C2 > co 


with BamHI, end-labelling with DNA poly- 


erase I Klenow fragment followed by re-cleavage with HindIII (these sites occur only in the vector polylinker) and partial digestion with 
the enzymes shown. Enzymes: sites are e markea as follows: B, BamHI; H, HindIII; Hh, Hhal, tip, Hpall, M, Mbol; P, PstI; Pv, Poul; R, 


EcoRI; S, Sstil, V, EcoRV. 


been described on the basis ofin- situ hybridization, a technique 
with a maximum resolution of thousands of: kilobases?~**.. Many 
of these sequences are tandemly repeated, We. describe here a 
human sequence present.on the X and Y chromosomes, which 


is also telomere-associated, but which’ lies within 20 kilobases” 


(kb) of the short-arm telomeres and is repeated only a few times 
at eacth‘telomere. - -- fo 

The human X and Y chromosomes, like those of many mam- 
mals, have'a pairing behaviour distinct from that-of the auto- 


somes during meiosis. Pairing i is initiated at’ Xpter and Ypter 


-and synapsis occurs covering most of Yp and the terminal 30% 
of Xp*. Frequently a much greater extent of pairing ‘is seen 
which must involve ‘non-homologous DNA sequences’. 

Observations of XY pairing, somatic effects in XO individuals 
and the lack of X-inactivation of, X‘linked Joci mapped.to the 


pairing région of Xp (Xg® and steroid sulphatase (STS)°): have - 


led to. thé proposal that the X and Y chromosomes carry a 
homologous segment of DNA at, Xpter and Ypter'™!? and’ that 
during meiosis an obligatory recombination occurs between 
one chromatid of the X: and Y chromosomes'? 


region. ' 

Despite an intensive effort in many laboratories to provide 
DNA markers for the human X and Y chromosomes, no human 
X or Y-derived sequences which are inherited in an autosomal 
manner have been reported. Several sequences-which are highly 
homologous on both sex chromosomes have been found. These 
sequences have arisen as a result of. transposition « of X-chromo- 
sothe sequ ences onto the Y-chromosome in primate evol- 
ution’?! but to positions which are non-homologous. Further- 
more, in humans the STS locus which maps close to the tip of 
Xp is clearly X-linked, implying that it must be more proximal 
than a site of obligatory recombination”: Also, MIC2, a human 
‘locus'® which controls expression of a cell-surface antigen 127, 


. -ahd which has alleles on-Xp and.Yp, shows a sex-limited 


expression of a polymorphism in the levels of 12E7; suggesting 
that MIC2 is also proximal to any obligatory recombination 
site. However, support for the hypothesis comes from the finding 
that in the mouse the, sex-reversion factor (Sxr), located at the 
_tip of the Y chromosome due to rearrangement, behaves in just 
such a manner’”"*, and more recently the STS locus has been 
shown to behave _pseudoautosomally on normal mouse X and 
Y chromosomes”? na 

~ The inheritance of human Xp and Yp lonen sequences 
provides a stringent test for the existence of a pseudoautosomal 
région of the sex chromosomes since unless two obligate re- 
combination events occur, these regions of the X and Y chromo- 
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- Loci distal to D 
this recombination would be inherited as though autosomal and ° 
the term ‘pseudoautosomal’ has been coined to describé such a 


? 


somes would. have to show an autosomal pattern of inheritance 
We, show here that the telomeric regions of the humar X anc 
Y -chromosomes , are inherited as if autosomally located, a: 
predicted by the hypothesis’ that the-X and Y chromosome: 
undergo an obligate crossover between one pair si chromatid: 
during meiosis. ° 


Cloning Y-derived sequence. 


. We have. isolated a- -cosmid, CY29, from'a cosmid library con 


structed. from DNA of 3E7 (ref. 20), a mouse-human hybric 
with multiple Y chronjosomes. This cosmid was isolated durin; 
a screen for CpG-rich sequences ‘on the human Y chromosome 
Such, sequences are- frequently -associated with genes”: A: 
can be seen from thé restriction map (Fig. 1c) of 29C,.a subclom 
of CY29, sites for HpaII and Hhal-are.clustered in the regior 
of. the ‘SstIl sites. This would be consistent ‘with a. CpG- ricl 
domain. ae E a a ` 

| We. have used a panel of somatic cell hybrid DNAs to confirn 
the chromosomal origin of this cosmid. A subcloned Pst frag 
ment 29C1 (Fig: -1) was hybridized to.a transfer of somatic cel 
hybrid and ‘human DNAs ~as detailed in Fig. 2, legend. The 
hamster-human hybrid cell line°853-(Fig. 2e), which contain: 


‘only a, human Y chromosome by cytological. criteria” > and i 
~ independent in origin from the source of CY29, gives a positivi 


signal when hydridized to 29C].-This signal is lost in a revertan 
of this line (Fig. 2f) lacking the.Y chromosome, strongly suggest 
ing that this sequence, must be Y-derived. As well as confirmin; 
that the cosmid contains Y-chromosome sequences, thesi 
experiments showed that this sequence is also-present on the X 
(Fig. 2b). We have extendéd this analysis to include two othe 
independently derived X-only hybrids which also contain copie: 
of this sequence (data not shown)..As would be predicted, bot! 
male and female DNAs (Fig. 2c, d) also contain sequence: 
homologous to this probe. -> ‘ ` 


Cytological localization of 29CI 

We have localized the sequences homologous to 29C1 usin; 
variant X and Y chromosomes in rodent-human somatic cel 
hybrid DNAs. Figure 3A shows the X ‘chromosomes tested 
Deletion of Xp22.32-Xpter results in loss of signal due to thi: 
probe on a Southern blot. All three intact X chromosomes anc 


- three deleted X chromosomes which retain X22.32-Xpter. give 


a-‘positive hybridization signal. This is consistent with at leas 
one copy of this sequence being present at the telomere of Xy 
but not Xq. Localization on the Y chromosome depends on ow 
finding that IsoY, a cell line which contains an abnormal dicen 
tric Y chromosome fused at the short arm, gives no signal bi 


blot analysis. This hybrid line is 12E7-positive and is positiv 
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Fig. 2 X and Y localization of sequences homologous to CY29. 
DNA from a, mouse L cells; b, ThyB 1-33-12, a mouse-human 
somatic cell hybrid containing only an intact human X chromosome 
at the cytological level**; c, XX nucleated peripheral blood cells; 
d, XY nucleated peripheral blood cells; e, 853, a CHO/human 
somatic cell hybrid containing only a human Y chromosome at 
the cytological level; /, 853 rev, a revertant of 853 selected cytologi- 
cally for loss of the Y chromosome. DNA was digested with an 
excess of EcoRI and fragments separated by electrophoresis in 
0.8% agarose and transferred to a nylon filter. The filter was 
hybridized with ~0.1 ug of 29Cl in §x SSC, 5x Denhardt's sol- 
ution, 10% dextran sulphate at 68 °C for 18 h then washed at 68 °C 
in 0.1xSSC, 0.05% SDS and autoradiographed with 
intensification, The positions of AcI&857am7 HindIII digestion 
products are marked and sizes given in kb. 
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Fig. 3 A, Regional localization of 29C] sequences on the X 
chromosomes. Hybrid cell DNAs carrying the X chromosomes 
illustrated were digested with an excess of EcoRI and analysed by 
electrophoresis, transfer and hybridization as described in Fig. 2 
legend. The cell lines and X chromosomes tested are as follows: 
a, B2 Xpter-Xp2.1 der 21 from a female with muscular dysotropy 
(R. Worson, personal communication); b, Horl 911 R8 Xq2.2- 
Xpter; c, Sin 176 del(X)(p21.1p21.3) (ref. 46); d, UCLAB2 Xqter- 
Xp22.32 (ref. 47); e, 445 x 393 Xpter-Xp23.3; f, 697 x175 Xater- 
Xp21; g, 617 x 347 Xqter-Xp113; h, 422 Xqter-Xp11; i, 749 Xqter- 
Xq12; j, 676 x 175 Xqter-Xa213; k, 474x 393 Xqter-Xq22; |, 791 x 
175 Xqter-Xq23; m, 750 Xqter-Xw26; n, 367 Xqter-Xq28. B, 
Exclusion of 29CI from autosomes. Data from Southern blot 
hybridizations with somatic cell hybrids in the form of a discord- 
ance table. Where a signal was detected by hybridization with 29C1 
to DNA from a cell line, all chromosomes are marked +; where 
no signal was detected chromosomes are marked —. Cell lines were 
characterized by karyotype, enzyme analysis“® and with a probe 
for the 12E7 locus (P. Goodfellow, personal communication). 








Fig. 4 Heterogeneous BamHI fragments revealed by 29Cl. 
Samples of 10 ug of BamHI-digested DNA from nine samples of 
peripheral blood DNA were analysed on a 0.3% agarose gel by 
the methods described in Fig. 2 legend. Size markers were 
AcI857Sam7 Sall fragments and 20 ng of this A digest was added 
to each sample of BamHI-digested human DNA, and after initial 
probing with 29C] the filter was reprobed with A DNA to confirm 
that the expected monodisperse fragments were detected (not 
shown). 


for all Y-chromosome probes tested (P. Goodfellow and M. 
Rocchi, unpublished results). This is consistent with a Yp 
telomeric location for one or more copies of 29C1 and implies 
that this sequence has been deleted by a fusion event with 
boundaries between the telomere and at least one 12E7 locus 
in the IsoY cell line. 

We have used a panel of somatic cell hybrid DNAs which 
collectively contain all autosomes but no sex chromosomes (on 
the basis of enzyme markers and DNA probes) to determine 
which, if any, autosomes carry sequences homologous to 29C1. 
The data in Fig. 3B show that these sequences are present only 
on the X and Y chromosomes. 


Telomeric location of 29C1 


In an attempt to find an enzyme which did not cut within this 
hypervariable region, we analysed BamHI digests of blood DNA 
from several individuals. Surprisingly, this enzyme produces a 
smear of fragments between 18 and 23 kb in these individuals 
(Fig. 4). As 29Cl is unlikely to be detecting more than 10 
fragments because of repetition frequency, it was apparent that 
this size heterogeneity was highly significant. One obvious possi- 
bility was, by analogy with trypanosome telomeres”, that we 
are detecting the heterogeneity at a natural DNA end caused 
by the addition of different numbers of terminal repeats in 
different cells. If this were the case, such an end (1) should be 
sensitive to exonuclease degradation unlike non-terminal 
sequences and (2) at the restriction map level an apparent site 
for all testable restriction enzymes should be present. Finally, 
such a sequence should be cytologically localized to one or more 
of the X and Y-chromosome telomeres, a condition already 
supported by the data in Fig. 3. 

We have used digestion with the exonuclease Bal31 of high 
relative molecular mass DNA with Southern transfer analysis 
to answer question (1). Figure 5A shows DNA samples from 
two individuals sampled after increasing times of Bal31 diges- 
tion, followed by BamHI cleavage. A clear decrease in the size 
of the hybridizing fragment identified by 29Cl is evident with 
increasing times of digestion; ~10 kb of DNA has been removed 
after 2 hours of digestion. As a control this filter was hybridized 
simultaneously with a 5-globin DNA fragment which detects a 
15.5-kb fragment in Bam digests of human DNA”. This frag- 
ment (arrowed in Fig. 5A) shows no time-dependent decrease 
in size as predicted from its known position on chromosome 
11°*. As a further control, this filter was re-hybridized with an 
alphoid repeat probe (Fig. 5B) showing that Bal31 digestion 
has not degraded these centromeric sequences”’. Bal31 possesses 
a complex range of activities besides its exonucleolytic 
activities’. Junctions between B and Z forms of DNA helix and 
single-stranded regions could be responsible for the sensitivity 
of these sequences, although B to Z junctions would not be 
expected in linear deproteinized DNA in the digestion condi- 
tions used here. After prolonged times of digestion with Bal31, 
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Fig. 5 Bal31 sensitivity of 29Cl-homologous sequences. A, The 
15.5-kb globin signal?” is indicated by arrowheads and the sizes of 
Sall markers in track 0 are given in kb. The filter was reprobed 
with pSVX5, a plasmid containing an X chromosome-derived 
2.0-kb BamHI f ragment composed of tandem repeats of the human 
alphoid sequence™ as a further control for the Bal31 digestion (B). 
Methods: Two samples of DNA from nucleated peripheral blood 
cells were digested with Syg Bal3l at a concentration of 
200 pg mi~" in 12 mM MgCl, 12 mM CaCl,, 10 mM Tris, 600 mM 
NaCl pH 8 for 0, 4, 8, 16, 60 and 120 min (tracks 1-6 XX DNA; 
tracks 7-12, XY DNA). The reaction was stopped by adding 20 mM 
EGTA and 1 vol. water-saturated phenol. After extraction and 
ethanol precipitation, the DNA was digested with excess BamHI 
(this digestion was incomplete in track 7) and the fragments frac- 
tionated on a 0.5% agarose gel. After transfer as in Fig. 2 the filter 


was probed simultaneously with 29C] and a human 5-globin probe 
and washed as in Fig. 2. 


aa ph. 


DNAs from several individuals give hybridization patterns with 
29C1 in which one or more clear bands are visible (for example 
Fig. 5A, lanes 6 and 12). These patterns, although reproducible 
for an individual DNA, differ from individual to individual, 
presumably reflecting the polymorphisms seen with restriction 
endonucleases. Bal31 degrades G+C-rich regions more slowly 
than A+T-rich regions and so such a region would tend to 
synchronize the enzyme molecules and lead to the appearance 
of discrete bands. 

Digests of blood DNAs with two restriction endonucleases 
(EcoRV and Sst11) which do not cleave CY29 between the distal 
end of the insert and the probe but which do cleave between 
the probe and the proximal end of the insert, give rise to 
heterogeneous fragments in the same way as BamHI. These 
fragments are also Bal31-sensitive. From the size of these frag- 
ments and the known positions of cleavage in CY29, we can 
construct the map shown in Fig. 1A. Both enzymes appear to 
have sites that map close to (within 0.5 kb) the Bal31 site. This 
strongly supports the argument that the Bal31-sensitive region 
is a chromosome end (telomere) rather than a B/Z DNA junc- 
tion. DNAs from hybrid cell lines containing human X or Ef 
chromosomes give discrete, Bal31-sensitive, fragments. This 
implies that the telomeric sequences are homogeneous in these 
cells (data not shown). 
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Fig. 6 Polymorphisms in human DNA: 23 DNA samples from 

blood of randomly selected blood donors were digested with an 

excess of A, EcoRI; B, HindIII; C, Pst] under recommended 

conditions and probed with 29Cl. Transfer, hybridization, washing 
and size markers are as for Fig. 2. 


Sequence hypervariability 


It is apparent from Fig. 2 that sequences homologous to 29Cl 
must be present in several copies per haploid genome and that 
these copies must be highly polymorphic as although there are 
four X and two Y chromosomes represented in Fig. 2, there are 
no common fragments detected by probe 29C1. We have exten- 
ded this analysis in order to ask how polymorphic this sequence 
is and to attempt to understand the mechanism generating the 
polymorphisms. Figure 6 shows DNA from nucleated blood 
cells of 23 unrelated individuals digested with three different 
enzymes. It is clear that no two individuals have identical pat- 
terns. Because the polymorphisms are detected by many enzymes 
they cannot be due to point mutations in restriction sites; it also 
seems unlikely that they represent variations in the number of 
mini-satellite” repeats in a block because 29CI does not hybrid- 
ize in conditions of reduced stringency with two mini-satellite 
core sequences. Since all the Pst fragments (Fig. 6C) detected 
by this probe (which is itself a Pst fragment) are polymorphic 
this probe cannot be flanking a polymorphic region but must 
itself be polymorphic. We have measured the copy number of 
this sequence by titration and estimate that there are between 
3 and 10 copies per haploid genome. There must be considerable 
uncertainty about this estimate because the nature of the 
sequence variability is unknown and could affect our measure- 
ment of copy number. It will be necessary to clone this region 
from a number of individuals to establish the basis of this 
extreme polymorphism. 

Sequences 29C4 and 29C2 immediately 5’ to our original 
probe 29Cl, detect polymorphic HindIII and EcoRI fragments 
as expected from the restriction map of the cosmid (Fig. 1B). 
These probes detect Pst fragments which are not polymorphic 
and which are identical in size in DNAs from both sexes. 29C3 
in contrast, detects polymorphic fragments (data not shown) 
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Fig. 7 Inheritance of 29C1 in two families. DNA from blood 
samples of individuals in the families shown were analysed as 
described in Fig. 2 legend. A, Family 1, Pst (individuals are in the 
same order as in B); B, family 1, EcoRI; C, family 2, EcoRI. The 
results are presented schematically above the hybridization data 
with fragments assigned to haplotypes. Fragments detected by this 
sequence are sufficiently polymorphic to provide a good check for 
paternity. We have extended the number of individuals analysed 
with EcoRI to 83. No two individuals have identical patterns. 
Family 2 is affected by X-linked retinitis pigmentosa (XLRP). 29C1 
shows either 1 or 3 recombinations in 4 meioses with this locus 
(this family is uninformative for RFLPs tightly linked to XLRP 
and so we are unable to determine phase). 


This suggests that 29CI defines a boundary between hypervari- 
able and non-variable regions of the X and Y chromosomes. 


Recombination between X and Y 


A highly polymorphic sequence in this terminal location on the 
X and Y chromosomes allows a direct test of the hypothesis 
that an obligatory recombination event occurs between one pair 
of X and Y chromatids at each meiosis'®. The outcome of such 
a process would be that alleles distal to this recombination event 
will be exchanged between X and Y chromosomes and will not 
show sex linkage in a pedigree. 

We have analysed five families and found no examples of Y 
linkage of informative fragments in 25 meioses. In three families, 
however, one uninformative fragment was present in both father 
and mother. In Fig. 7 we present data on two fully informative 
families. In family 1 (Fig. A, B) we can exclude X linkage for 
all paternal fragments and demonstrate that two out of three 
daughters inherit a paternal Y chromosome fragment. The only 
assumption is that at least one copy of a sequence homologous 
to 29Cl is always present on both the X and the Y chromosomes, 
as suggested by our cell hybrid data. Considering only the second 





two generations in the PstI digest (Fig. 7A) of these DNAs, the 


largest fragment in the paternal sample has been inherited by 
daughters 1 and 3 but not by 2 and is therefore not X-linked, 
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the next largest paternal fragment is inherited only by daughter _ 
2 and is therefore not X-linked and the smallest paternal frag- 
ment is not inherited by the first daughter and so is also not _ 
X-linked. Thus although one at least of these fragments must — 
be located on the X chromosome, none behave genetically as 
X-linked. In the EcoRI digest (Fig. 7B) although one fragment _ 


is uninformative in the second and third generations, one frag- 


ment can be assigned to the paternal Y chromosome. The second _ 


largest fragment (fragment b in Fig. 7B) in the grandfather is — 


the only fragment inherited by the father and must be on the — 
father's Y chromosome. Daughters 1 and 3 have inherited this _ 


fragment presumably as a consquence of X/Y recombination ; 
in the father. In family 2 (Fig. 7C) we cannot determine which — 
fragments are derived from the paternal Y but no fragment is _ 
inherited by all sons. In both families there are two indepen- _ 


dently segregating sets of fragments in each individual which a 
show a mendelian pattern of inheritance (presented schemati- _ 


cally above the blots in Fig. 7). Fragments in both PstI and 
EcoRI digests (family 1) can be fitted into the same sets which 


behave as haplotypes. Although the family sizes are small this — 
supports our localization of these sequences to two loci, one on | 
the X chromosome and one on the Y chromosome. Thus two | 


out of three daughters carry a paternal X chromosome which 
is a product of X/Y recombination in the father of family 1, 
and three out of six sons in family 2 carry a Y chromosome 
which is a X/Y recombination product. This is consistent with 
there being an obligate recombination event. Greater numbers 


of informative meioses will be necessary to demonstrate this — 


point conclusively. 


Discussion 


From the observations reported here and the known structures 
of telomeres from lower eukaryotes such as yeast and Tetrahy- 
mena, we can draw some conclusions about the possible nature 
of the telomeres of the human X and Y chromosome short arms. 


~ 


dd> 


First, the length heterogeneity suggests that these telomeres are 


subject to a repeat addition process similar to that observed for _ 


trypanosome telomeres” or for Tetrahymena telomeres when 


introduced into yeast cells’, The addition process may not be | 
a universal consequence of cell division since hybrid lines con- 
taining X and Y chromosomes show only a very limited degree 


of heterogeneity, if any, in the size of the terminal fragments. 


Addition/loss may be limited to certain cell types or stages of 


development. 
Telomere-associated DNA has been isolated from plant* and 


insect genomes” as well as from lower eukaryotes. Repeated 
sequences seem to be generally present in these regions although _ 


the repeat frequency and complexity vary greatly. One class of 
such repeated sequences is the yeast Y sequence” which shows 
strong similarities in behaviour to the sequences detected by 
29CI. Almost all Y copies are sensitive to Bal31 digestion and 
thus are at telomeric locations. Different strains of Saccharomy- 
ces cerevisiae contain Y sequences in different copy numbers 


and with extensive strain to strain differences of restriction 


fragment length”. Tetrad analysis shows that new fragments are 
created during meiosis, in two cases by premeiotic recombina- 
tion and in one case by meiotic gene conversion. Appearance 


of a new fragment was accompanied by loss of a parental — 


fragment. We suggest that at least the human Xp and Yp 
telomeres are also subject to such processes. No new fragments 


homologous to 29C] have been observed in a study of 25- 


offspring in five families, suggesting that these events occur less 
frequently than in yeast. 

The availability of chromosome components such as 
telomeres, centromeres and origins of replication has made the 
construction of synthetic yeast chromosomes possible. These 
chromosomes have allowed other important chromosomal 
features such as length and centromere position**** to be 
studied. Many questions about human chromosome function 





ild be answered in a similar way if a synthetic human chromo- 
me could be constructed. Such a chromosome might also 
rovide a suitable vector for the controlled addition of 
ogenous DNA to mammalian cells. Using probes described 
-it should be possible to obtain sequences almost up to the 
INA terminus itself and then to start a ‘building block’ approach 
hromosome construction. 
We have shown that at least at the very tip of Xp and Yp, a 
ion of DNA exists which is genetically pseudoautosomal’”. 
is is consistent with the inheritance of STS and Sxr in the 
ouse'’*'* and supports the hypothesis that XY pairing in 
osis is initiated due to DNA sequence homology. This contra- 
icts Ashley’s view” that this synapsis involves no sequence 
omology and that a recombination event does not occur. We 
e no evidence which allows us to estimate the size of the 
eudoautosomal region. It seems probable that the region ts 
all, since a concentrated effort to produce X and Y chromo- 
ome DNA markers in many other laboratories has only recently 
sroduced sequences which are inherited autosomally (J. 
Weissenbach and D. Page, personal communication). If the 



















































seudoautosomal region is in fact small, it may be possible to 
letermine its size by pulse field electrophoresis”® and to obtain 
loned DNA fragments from the region in which the obligate 
recombination occurs. This would provide a valuable substrate 
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NA SEQUENCE homologies between the mammalian X and 
Y chromosomes have been predicted on the basis that: (1) 
ammalian sex chromosomes have a common ancestral origin’; 
') there is cytogenetic evidence for pairing and crossing-over”; 
(3) in man, non-inactivation of genes on Xp should be dosage- 
“compensated by homologous loci on the Y (anti-Turner’ 
` genes)“; (4) a surface antigen, 12E7, defined by a monoclonal 
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DNA probe from a human Y chromosome-derived cosmid detects a single-copy genomic DNA fragment which can 
ppear in different allelic forms shared by both sex chromosomes. Variants at this DNA locus show an autosomal pattern ` 
heritance, undergo recombination with sexual phenotype and can therefore be described as ‘pseudoautosomal’. Another > 
abe from the same cosmid detects a sequence repeated 15-20 times per haploid genome. These repeats also appear: 
loautosomal and map exclusively to the short-arm terminal region of each sex chromosome. Eo 





antibody, encoded by a gene common to both human sex 
chromosomes maps to Xp and the euchromatic part of the Y =- 
chromosome’; (5) in mouse, there is indirect genetic evidence 


for crossing-over between the X and Y chromosomes’. 





Several DNA probes from the human X and Y chromosomes =: 


have recently been isolated, some of which detect sequence 
homologies between both sex chromosomes. These homologies 

















AS Į 
= > w 






=< p 
uuas p x ams 


Ca 


OCTO 


ARTICLES- 
Fig. 1 Hybridization properties of probe 113A and chromosomal 
assignment of DXYS15. A, Restriction endonuclease mapping of 
DNA probes from Y-derived cosmid 113. The upper line represents 
the map of cleavage sites for BglII, EcoRI and HindIII restriction 
enzymes. Solid bars below the restriction map indicate the localiz- 
ation of restriction fragments isolated and used as hybridization 
probes. B, Hybridization pattern of probe 113A to Southern blots 
of EcoRI (lane 1), PstI (lane 2), and TaqI (lane 3) digests of 
human male (XY) and female (XX) DNA. C, Hybridization pat- 
tern of probe 113A to a Southern blot of EcoRI DNA digests from 
a human 49,XYYYY cell line (X,4Y), a normal male (XY), a 
normal female (XX) and HORL9X (M+X), a human-mouse 
hybrid containing X as the only human chromosome. Fragments 
detected by probe 113A are marked by an arrow. 

Methods. A, Cosmid 113 was a cosmid from our Y-specific 
library'':'’ derived from the 3E7 hybrid cell line, a mouse-human 
somatic hybrid containing Y as the only recognized human chromo- 
some. Probes 113D and 113F were obtained by subcloning Sau3A 
digests of cosmid 113 in the BamHI site of the M13 mp8 vector”. 
Subclone screening was performed by plaque in situ hybridization 
with the following probes: probe A, human female DNA; probe 
B, cosmid vector pJB8; probe C, cosmid 113. Subclones 113D and 
113F were selected as hybridizing to probe C and not to probes 
A and B. The results obtained by in situ hybridization were 
confirmed on Southern blots of the subclones digested by EcoRI 
and HindIII for insert excision. Probes 113A and 113B were 
obtained by subcloning a HindIII and a PstI digest respectively in the appropriate cloning sites of pBR327. Subclones were screened by in 
situ colony hybridization and by Southern blotting as described above. The inserts of subclones 113A (1,400 bp), 113B (1,800 bp), 113D 
(500 bp) and 113F (600 bp) were used as hybridization probes after nick-translation to a specific activity >10* c.p.m. per pg. B and C, DNA 
(5-10 pg) was completely digested with an excess of restriction endonucleases, electrophoresed on a 0.8% agarose gel, transferred to nylon 
membranes and baked at 80°C for 2h. After prehybridization at 42°C for 4h, in 50% formamide, 5x SSC (1x SSC =0.15 M NaCl, 15 mM 
Na citrate pH 7), 5 x Denhardt's (0.02% Ficoll 400, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin), 20 mM Na-phosphate, pH 6.6, 
50 ug ml~' denatured salmon sperm DNA, filters were hybridized overnight at 42°C in the same solution with addition of 10% dextran 
sulphate and 10-30 x 10° c.p.m. of **P-labelled probe. Final washings of filters were in 0.1 x SSC, 0.1% SDS at 68 °C. Filters were autoradio- 
graphed with Kodak XARS films backed with an intensifying screen for 1-4 days at ~70°C. Accuracy of DNA dosage in each lane was 
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monitored using a human single-copy autosomal probe. 


range from a total identity at the DNA sequence level'® to a 
lower degree of relatedness only detected in non-stringent 
hybridization conditions'':'*. Most of the loci exhibiting strong 
sequence conservation also display a few restriction sites 
specifically linked to the X or the Y chromosome'*"?, This 
implies that homologous X/Y recombination does not occur at 
these DNA loci, which therefore are not ‘pseudoautosomal loci’ 
as defined by Burgoyne’. Indeed, those X/ Y-homologous 
sequences that have been regionally mapped so far are not 
located in the putative pairing region corresponding to the distal 
part of the short arms of both X and Y chromosomes. Several 
of these sequences map to the short arm of the Y but the long 
arm of the X'*'*'* or to the short arm of the X and the long 
arm of the Y'®'’, others mapping to the long arms of both 
chromosomes'”. In the absence of molecular evidence, even the 
proposed homologous pairing between the sex chromosomes in 
mammals has recently been questioned’. Furthermore, the most 
highly conserved X/Y DNA loci isolated to date have been 
transferred from the X to the Y chromosome during recent 
human evolution (ref.13 and D. C. Page and H. J. Cooke, 
personal communications). However, if homologous pairing is 
estricted to a small part of the X and Y chromosomes, the 
solation of DNA sequences from this region may require the 
‘esting of many probes. During a systematic characterization of 
he cosmid inserts of our Y-specific clone collection'''?, we 
yave isolated such probes defining a new category of sequences 
common to the X and Y chromosomes. 


?seudoautosomal DNA sequences 


"he probes we describe originate from cosmid 113, and their 
ocalization is indicated in Fig. 1A. When the human 49,.X YYYY 
)X cell line was probed with 113A (Fig.1C), we noticed a 
losage effect of the hybridization signal which can be estimated 
s double or triple intensity compared with normal males or 
emales. Its Y location has been confirmed by the detection of 
ae same band in the 853-CHO hybrid (not shown), a cell line 
ontaining Y as the only cytogenetically detectable human 
hromosome”’. On the other hand, the same hybridization band 


Li pi pi ù ` = me ae T 
E ae) L ETE SL: oF) =a hanns ee ts 3 b im 




































was observed in DNA digests from the HORL9X (Fig. 1C) and 
MOG13.9 (not shown) human-mouse cell hybrids?™™??, contain- 
ing only the human X chromosome. No signal could be detected 
on control rodent DNA (shown below in Fig. 4A). Taken 
together, these results assign the chromosomal origin of this 
fragment to both the human X and Y chromosomes, and the 
observed dosage effect on OX DNA agrees with this location. 
Similar results have been obtained with probes 113B and 113D 
originating from different parts of the same cosmid. (Probes 
from cosmid 113 detecting single-copy DNA fragments define 
a DNA locus which is hereafter referred to as locus DX YSIS, | 
according to the nomenclature of the 8th Human Gene Mapping 
Conference (HGM8).) 

Several restriction digests of normal males and females have 
been probed with 113A. In all cases tested, probe 113A detects 
identical male and female single-copy fragments, typically Bgl 
(6.6 kilobases; kb), EcoRI (20 kb), HindIII (1.4 kb), PstI (7.5 
and 1 kb), PvuII (10 kb), TaqI (1.9 kb) and Xbal (22 kb) frag- 
ments. The hybridization patterns of three different restriction 
digests (EcoRI, PstI and TaqI) are shown in Fig.1B. The 
restriction fragments detected by probe 113A concern 18 iden- 
tical restriction sites. Similar results have been obtained with 
probes 113B and 113D and represent altogether more than 50 _ 
identical restriction sites. Thus, it appears that none of the 
fragments from locus DX YS15 displays restriction sites occurr- 
ing exclusively on only one of the sex chromosomes. This 
situation is reminiscent of that observed by Cooke et al., who 
reported complete homology between sequences present in Xq 
and Yq. The sequences from locus DXYSI5 differ markedly 
from other X/Y-homologous DNA sequences (loci DXYSI to 
DX YS9), which show a slight sequence divergence between the __ 
sex chromosomes’? '*, E 

With probe 113D (Fig. 1A), a restriction fragment length 
polymorphism (RFLP) is detected in Taql digests of human 
males (Fig. 2A). The same allelic variations are observed in y 
females (not shown). None of the allelic forms detected by this 
probe occurs exclusively on a single sex chromosome as opposed = 
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to the X- and Y-specific polymorphisms detected in loci DXYSI Ser ty 
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morphism detected by probe 113D. Hybridiz- 
ation pattern of probe 113D to a Southern blot 
of Taq! digests of human male DNAs. Blotting, 
hybridization and autoradiography were per- 
formed as indicated in Fig.1 legend. Final 
washings were in 1 x SSC, 0.1% SDS at 68 °C. 
B, inheritance of DX YS15 in a three-generation 
family. DNA samples were from kindred 66 
from CEPH (Centre d'Etude du Polymor- 
phisme Humain, Collége de France, 3 rue 
d'Ulm, 75005 Paris). DNA samples 01, 02, 03, 
04, 06, 07, 09, 10 and 11 correspond to CEPH 
numbers 6601, 6602, 6603, 6604, 6606, 6607, 
6609, 6610 and 6611, respectively. Southern blot 
of Taq! digests of DNAs from family 66 were 
probed with 113D as in A. For convenience, 
the segregating DNA fragments have been 
labelled a-d. 
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ike DXYS9 (refs. 12-14). On the contrary, male homozygosity 
with a minimum of four distinct alleles can be observed in lanes 
E or 3, 4, 7 and 9 of Fig. 2A, indicating that these allelic forms 
-are shared by both sex chromosomes. Since the RFLP detected 
+ by probe 113D has also been observed in digests using other 
ati restriction enzymes, it may be generated through an inser- 
on/deletion mechanism. As numerous alleles have been 
ot served, it seems that this highly variable TaqI fragment is 
prone to DNA rearrangements possibly similar to those reported 
recently by Jeffreys et al’. The presence of four allelic forms 
of one sequence with copies on both the X and Y chromosomes 
-= strongly supports ancient homology of these regions, which 
= continue to behave as autosomal sequences (pseudoautosomal 
behaviour). Alternative explanations, such as identical mutation 
-or reversion events occurring independently on each chromo- 
some, are highly unlikely because the generation of four alleles 
would require three such independent, yet identical, events. 
t = Moreover, another probe (113B) detects a Pst] RFLP with 
= two alleles of 3 and 10kb (data not shown). Again, males 
$ homozygous for each allelic form have been observed, showing 
_ the occurrence of each allele on the X and Y chromosomes. 
3 This RFLP, which is not found in digests with other restriction 
enzymes, is probably the result of a point mutation and can be 
considered as a rare event which probably occurred only once 
either on the X or Y chromosomes. Family studies with fathers 
homozygous for different TaqI or PstI alleles of locus DX YS15 
-could always exclude heterozygosity for a deletion, confirming 
that these alleles were shared by both sex chromosomes. Such 
= polymorphic fragments represent a novel category of sequence 
homologies between the X and Y chromosomes and are reminis- 
c ent of the putative pseudoautosomal sequences”. 


recombination 

amily studies have confirmed the mendelian segregation of 
ie alleles for both the TagI and PstI RFLPs. The segregation of 
— four see! alleles is shown in the pedigree of Fig. 2B. The two 
Kas Opat e Taq1 fragments are 2.4 kb (allele d) and 2.0 kb (allele 
y Tong (case 01) whereas the two maternal Tag! fragments are 
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Fig.3 Hybridization properties of probe 113F 
and chromosomal assignment of DXYZ2. 
Hybridization pattern of probe 113F to a 
Southern blot of EcoRI (A) and Taqi (B) 
digests of male (XY) and female (XX) DNAs. 
C, Hybridization pattern of probe 113F to a 
Southern blot of EcoRI DNA digests from a 
human 49,XYYYY cell line (X,4Y), a normal 
male (XY), a normal female (XX) and 
pue HORL9X (M+X), a human-mouse hybrid 
containing X as the only human chromosome. 
Blotting, hybridization and autoradiography 
were performed as for Fig. 1. Final washings 
were in 0.1 x SSC, 0.1% SDS at 68 °C. Essen- 
tially identical profiles were obtained when 
blots were washed in 2x SSC, 0.1% SDS at 
68 °C. 


RA 


2.05 kb (allele b) and 2.15 kb (allele c) long (case 02). Paternal 
allele d is present in child 06 whereas all four other children 
(03, 09, 07 and 04) receive allele a. Maternal allele c segregates 
in children 03, 09 and 07, whereas children 06 and 04 inherit 
maternal allele b. Thus, each member of the progeny (children 
03, 09, 06, 07 and 04) inherits one maternal and one paternal 
allele and each paternal or maternal allele is represented in one 
child at least. Two males of the progeny (03 and 09) inherit 
paternal allele a, whereas the third male (06) inherits the alter- 
nate paternal allele d, demonstrating that X/Y recombination 
can occur in male meiosis. Since the father (01) has allele a on 
his X (from his mother 11) and allele d on his Y (from his 
father 10), sons 03 and 09 with allele a on the Y are the X/Y 
recombinant progeny, while son 06 with daughters 07 and 04 
are non-recombinants. The detection of two X/Y recombinants 
among five progeny is entirely consistent with the 50% recombi- 
nation required for a pseudoautosomal sequence. However, the 
sample size is too small to rule out partial sex linkage. 


A pseudoautosomal repeated element 


Among the probes isolated from cosmid 113, we have observed 
a 600-base pair (bp) sequence (113F) detecting 15-20 hybridiz- 
ation bands in EcoRI DNA digests from normal males and 
females (Fig.3A). Similar hybridization patterns have been 
observed with other restriction digests and a Taq] digest of 
several males and females is shown in Fig. 3B. It thus appears 
that probe 113F detects a repeated sequence (which we will 
refer to as DX YZ2 according to HGM8 nomenclature) present: 
in restriction fragments of various sizes. 

In order to assess the chromosomal origin of the DNA frag- 
ments harbouring the repeated DX YZ2 elements, we hybridized 
probe 113F to Southern blots of DNA digests from the 
49. XYYYY OX cell line and the X-only human-mouse hybridi 
cell HORL9X (Fig. 3C). The hybridization pattern obtained isi 
essentially identical to that of Fig. 3A. In the case of OX DNA, 
most bands show an amplified signal indicating that most mem~ 
bers of the DX YZ2 family are Y-located. Furthermore, te 
overexposure of the autoradiogram, most of the bands observe 
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in male and female digests could also be detected in HORLOX, 
assigning the DX YZ2 elements to the human X chromosome. 
Their X and Y location was confirmed by the finding that 
MOG13.9 and 853-CHO hybrid lines were positive when probed 
with 113F. (Rodent DNAs are negative; Fig. 4B, lanes 1, 18.) 
A few bands are irregularly present or absent in the different 
samples in each digest (Fig. 3A, B). They have never been found 
co-segregating with an autosome and may thus be ascribed to 
polymorphic variation. None of these variable fragments could 
be assigned exclusively to the X or Y chromosome, most of 
these elements being shared by the X and Y. It is thus most 
probable that a whole haploid set of the DXYZ2 family is 
present on and specific for each sex chromosome. 

Another element of the DX YZ2 family, probe 708, has been 
isolated from a partial Sau3A human genomic library and is 
identified as a 600-bp human genomic DNA fragment containing 
an element highly homologous to 113F and exhibiting essentially 
identical hybridization properties on human genomic blots. The 
lack of any significant alteration in hybridization signals after 
washings at high (0.1 x SSC, 68 °C) or moderate (2 x SSC, 68 °C) 
stringency shows the high degree of sequence homology between 
DXYZ2 elements. 

BamHI, Bgill, EcoRI, HindIII, Pstl, Poull, Tagl and Xbal 
restriction digests of cosmid 113 probed by 113F displayed a 
single hybridizing fragment, indicating that only one element 
of the DXYZ2 family is present in the 36-kb insert of this 
cosmid. It can be inferred from the location of single-copy 
sequences in the close vicinity of a DX YZ2 element that these 
repeats are interspersed in larger DNA regions. To estimate the 
frequency of DX YZ2 elements, Southern blots of 150 indepen- 
dent cosmids of human origin isolated from the 3E7 somatic 
hybrid cell line'''” were digested with EcoRI and hybridized 
to probe 708 or 113F. Among the 150 cosmids tested, three 
(including 113) displayed a single EcoRI restriction fragment 
hybridizing to any of the DX YZ2 probes. Each of these three 
cosmids contains only one DX YZ2 repeat. It thus appears that 
two consecutive DX YZ2 elements would be separated by at 
least 20-40 kb (the equivalent of half a cosmid or a cosmid 
insert). On the other hand, 150 cosmids represent 4,000-6,000 kb, 
that is, 10-15% of the euchromatic part of the human Y chromo- 
some. It is striking to observe that about 15% of DX YZ2 copies 
(3 out of 20) are also present in this cosmid sampling. 


Regional mapping 


Regional mapping of the X-located sequences detected by 
‘probes from cosmid 113 was carried out using a panel of X- 
chromosome translocations segregated in somatic hybrid cells. 
The single-copy probe 113D detects a 20-kb human X-specific 
fragment exclusively in hybrid GM-194-RAG7 (Fig. 4A) in this 
panel. This hybrid is the only one among those tested that 
includes the telomeric region of the short arm (Xp22-Xpter). 
Other single-copy probes of cosmid 113 gave identical results. 

When probed with 113F or 708, EcoRI digests of a more 
extensive panel of X-chromosome translocations isolated in 
hybrid cells indicated that all the DX YZ2 elements are exclus- 
ively present in hybrids GM-194-RAG7, Cer CH S and 58 TG2-6 
(Fig. 4B) and systematically absent, even after prolonged 
exposure, in hybrids lacking Xp22.3-Xpter. Several autosomes 
are present in each of the hybrids shown in Fig. 4. Absence of 
hybridization bands in the hybrids lacking Xp22.3-Xpter indi- 
cates that all the DX YZ2 elements are clustered in the telomeric 
region of the X-chromosome short arm and that probably none 
maps elsewhere on the X or on an autosome. Because these 
results were obtained using hybridization conditions of high 
stringency, we cannot exclude the possibility that regions show- 
ing a lower degree of homology with the DX YZ2 elements occur 
elsewhere in the genome. 

The chromosomal localization of probe 708 was confirmed 
by in situ hybridization (Fig. 5). The following facts show that 
Yp and Xp22 were preferentially labelled. The length of Yp is 
0.24% of the whole diploid genome. Thus, of the 417 grains 
found on all chromosomes, the expected number on Yp, assum- 
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Fig. 4 X-regional localization of DXYS1I5 and DXYZ2. A, r 
Hybridization pattern of probe 113D to a Southern blot of EcoRI 
DNA digests of rodent-human hybrid cell lines. The somatic 
hybrids (with their human derivative X translocation products in 
parentheses) and control samples are as follows: lane 1, A9-HRBC2 
(Xp22-Xqter); lane 2, PI-Rag7-2 (Xp22-Xater); lane 3, GO-Rag4 
(Xpl1-Xqter); lane 4, human female; lane 5, Anly-Ragl (Xq12- 
Xqter); lane 6, A9-58 (Xq13-Xqter); lane 7, A9-GM89 (Xq24- 
Xqter); lane 8, GM194-Rag7 (Xpter-Xq28). B, Hybridization pat- 
tern of probe 113F to a Southern blot of EcoRI DNA digests of 
rodent-human hybrid cell lines. The control human and rodent _ 
digests and the somatic hybrids (with their human derivative X 
translocation products in parentheses) are as follows: lane 1, 
Chinese hamster; lane 2, CH 34X (Xp22.3-Xqter); lane 3, PI- Rag7- E 
2 (Xp22-Xqter); lane 5, G0-Rag4 (Xp11-Xqter); lane 6, Cer CHS = 
(Xpter-Xq11); lane 7, Cer CH H (Xq11-Xqter); lane 8, Anly-Ragl 
(Xq12-Xqter); lane 9, A9-58 (Xq13-Xqter); lane 10, CH 56 O 
(Xq21-Xqter); lane 11, 58 TG2-6 (Xpter-Xq21/22); lane 13, A9- 
GM89 (Xq24-Xqter); lane 14, CH 63 R (Xq26-qter); lane 15, 
GM97-Rag8 (Xq26-Xqter); lane 16, GM194-Rag7 (Xpter-Xq28); 
lane 17, A9-HRBC2 (Xp22-Xqter); lane 18, mouse; lane 19, human 
female. = 
Methods. Translocations of chromosome segments of the human 
X were segregated on a rodent background. The resulting hybrid 
cell lines have been used for other X regional assignments and 
have been described elsewhere**. DNAs from somatic hybrid cell 
lines were EcoRI-digested and electrophoresed as indicated in 
Fig. 1. The digests were then transferred to dibenzyloxymethyl- 
cellulose filters”. Filters were hybridized, washed and autoradio- 
graphed as for Figs 1-3. 


4 i 
ing random distribution, is one grain, while the observed number = 
was 39. The length of band Xp22i is 0.33% of the diploid genome. 
The expected number of grains is 1, whereas 16 were found. In 
the experiment in which female cells were used (with two X 
chromosomes) the expected number of grains on band Xp22 is jah 
3 and the number observed was 26. No autosome was prefer en- | 
tially labelled in these experiments. : 


Discussion 


Our results demonstrate for the first time the existence of s 
homologous DNA sequences mapping to Yp and the telomeric _ 
region of Xp. These observations confirm most oe re dic- 
tions™™* of the classical model in which X/Y s napsis was 
explained on the hans of DNA sequence ines es im nvolvir ee 


















































































-DXYZ2 to the regions Xp22-Xpter and. | 
ae ¥plt. 2-Ypter in a normal male and to the 
region Xp22-Xpter in a normal female. A, 
Schematic representation of G-banded chromo- | 
somes X and Y in a normal male, indicating. 
“the localization of grains observed on these 
-chromosomes in 71 mitoses analysed (data not 
_ shown). Of 23 grains detected on chromosome 
OX, 16 (70%) were localized in band Xp22 
(Xp22-Xpter) and of 55 grains observed over 
the Y chromosome, 39 (71%) occurred in 
-Yp11.2-Ypter. B, Schematic representation of 
G-banded chromosome X in a normal female, 
indicating the localization of grains observed 
on the two X chromosomes in 67 mitoses ana- 






















most of Yp. However, we have recently shown that at least part 
-of the short arm of the Y chromosome is not homologous to 
; Xp (ref. 25). The present findings might be taken to indicate 
that synapsis as observed by, for example, Chandley* is partly 
between homologous and partly between non-homologous 
stretches of chromatids. It is most likely that each type of 
_ synapsis is characteristic of specific chromosomal regions, 
homologous pairing being clustered in the distal part. There is 
“no evidence for interspersion of homologous and non- 
homologous regions within the Yp arm. Assuming that the 
_Y¥p-specific sequences characterized to date'*'** are fully rep- 
_ resentative of the DNA sequence composition of the short arm, 
it seems that homologous synapsis is restricted to quite a small 
portion of the chromosome. The chromosomal segment charac- 
terized by the presence of DXYZ2 elements could be the 
minimal length of the Xp/Yp homologous pairing region. The 
agreement observed between the number of DX YZ2 repeats of 
our cosmid sampling and an independent estimation drawn 
_ from Southern blots, strongly suggests that most DX YZ2 ele- 
_ ments are interspersed. On the other hand, if our cosmid samp- 
ling, which does not include DYZI and DYZ2 repeats’®, is 
_ representative of the non-tandemly repeated Y-specific sequen- 
- ces, it would appear that DX YZ2 elements are dispersed over 
at least 2% of the euchromatic part of the Y chromosome. 
- Two independent RFLPs were observed in the present study. 
i both cases the different allelic forms were equally distributed 
mong males and females, none being especially or preferen- 
illy located on either of the sex chromosomes. As a result, 
these sequences can be classed as pseudoautosomal sequences 
otding to the criteria outlined by Burgoyne’. By definition, 
udoautosomal sequences must recombine regularly between 
a ‘and Y. chromosomes. This is actually demonstrated in the 
lies we have undertaken. In the family presented, two 
w re ombination between the pseudoautosomal locus 
15 and the sex phenotype. More recent results (F.R. and 
S. ” unpuilshed) indicate that recombination involving 
us DX YS15 is a frequent event in male meiosis. This 
Yenomenon is clearly distinct from the abnormal interchange, 
i scen of crossing-over, which occurred in the paternal 
osis of an XX male who failed to inherit his father’s Xg 
“le but had acquired a ‘Yg’ allele that could only have come 
his father’s Y chromosome’’. The recombination events 
observe here concern a single DNA locus. It is not known 
ether this recombination mechanism involves entire chromo- 
nal regions or occurs in small areas. Family studies using 
etal independent pseudoautosomal loci will be needed to 
W that the recombinations result from crossing-over and are 
| simply limited to a gene conversion process restricted to 
rt DNA stretches. . 
Some of the DXYZ2 repeats detected by probes 113F and 
70B a are ‘polymorphic and their. polymorphic variants do not 
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tysed. Of 33 grains detected on chromosome X, 26 (79%) occurred in Xp22-Xpter. 

‘Methods. Metaphase chromosome preparations. were hybridized in 50% formamide, 2x SSCP, 10% dextran sulphate for 12h at 37°C with 
*f4-labelled probe 708 at a final concentration of 0.01 pg mi”! and specific activity 2.5 x 10’ c.p.m. per pg DNA. Hybridization conditions were 
the same for both male and female cells. After hybridization the slides were rinsed in 50% formamide, 2x SSC, The stringency at which the 
“wash was undertaken was different in that the male cells were rinsed at 39°C and the female cells at 42°C. Slides were exposed for 5 days. 


exhibit sex linkage. Regarding their chromosomal localization, | 
DXYZ2 elements can be considered as DNA markers of the 
tips of the short arms of the human sex chromosomes. It remains 
to be shown whether the DX YZ2 elements are dispersed all 
over the region of homology or whether they are clustered in a 
short telomeric subregion. Similarly, it is not known if the 
pseudoautosomal characteristic is homogeneously distributed. 
within the region of sequence homology or whether the more — 
proximal homologous loci either do not recombine or recombine ` 
less than the more distal ones. In addition to the strong conserva- 
tion of DXYZ2 within the human species, hybridization to 
distantly related mammals such as cattle, but not to rodents, 
has been observed under identical stringent conditions. Such 
inter- and intraspecific sequence conservation suggests the possi- 
bility of some DX YZ2-associated functions in biological proces- 
ses, for example, telomeric recognition, X non-inactivation or 
X/Y crossing-over. | 
DNA sequences homologous to the distal parts of Xp and 
Yp may carry genes expressed on both chromosomes. If this is 
so, the genes located on the non-inactivated part -of the X- 
chromosome should be expressed in double dose in both males 
and females. Somatic defects associated with the 45, X karyotype 
seen in Turner's syndrome have been attributed to the lack of 
a set of the non-inactivated genes on the missing X chromo- 


some“, Turner stigmata are also usually found in karyotypes 


with deletion of Yp (Yp— females, r(Y) males)”. Hence, the- 
genetic deficiencies caused by the absence of a second X chromo- 
some could be compensated in normal males by genes located — 
on distal Yp (anti-Turner genes). It is likely that such genes - 
have identical counterparts on distal Xp, possibly located in 
X/¥-homologous sequences such as those described here. The 
MIC2X/MIC2Y locus? may be the first example of such genes. 

With the exception of quantitative estimates, the predictions © 
of Ferguson-Smith®, Polani” and Burgoyne’ are confirmed by: 
our results and their implications can be approached with th 
new molecular tools described here. mn 
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Filamentary radio structures perpendicular to the plane of the 
Galaxy and ~30 pc away from the galactic centre (1 =0.2) have 
been observed’. Here we present results showing a new region of 
polarized emission aligned with this Continuum Arc. The struc- 
ture of this region has the form of a central component (core) 
with two jet-like outer lobes. The associated total intensity maps 
at 4.75 and 10.7 GHz show that the core and lobes lie symmetrically 
with respect to arched filamentary structures lying both above and 
below the galactic plane—only the arches above the plane had 
been seen previously. The remarkable symmetry of the region 
suggests the location of a new ‘centre of activity’ within the galactic 
centre region at the position of the polarized core; however, total 
intensity maps do not distinguish this region at all except at low 
frequencies. A possible model involves outflow from the galactic 
nucleus to the vicinity of this new centre, explaining the polariz- 
ation and low-frequency structure in terms of a ‘cocoon’ of thermal 
material surrounding the linear filaments seen in higher resolution 
studies. The regions of polarized emission then correspond to areas 
in which the cocoon is thinnest or absent. 

The observations were performed using the 100-m radiotele- 
scope at Effelsberg, near Bonn, between July and August 1983 
(4.75-GHz data) and in July 1984 (10.7-GHz data). Both 
receivers (parametric amplifiers with T,,.= 70K at 4.75 GHz 
and FET amplifiers with T,,,= 100K at 10.7 GHz) were used 
in single-horn mode and had a bandwidth of 500 MHz. The 
half-power beamwidths were 2.4 and 1.2 arc min respectively 
for the two frequencies. The weather was excellent throughout 
the observations, enabling unswitched total power information 
to be used. The Stokes parameters J, U and Q were recorded 
simultaneously. Several calibration sources were observed at 
different elevations, including 3C286, 3C48, 3C147 and 3C409. 
These data were used to estimate the receiver characteristics 
and atmospheric extinction, the latter being particularly impor- 
tant at the higher frequency (10.7 GHz). 
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Fig.1 Total intensity radiograph (logarithmic scale) of a 60’ x 68" 
region around the galactic centre at 10.7 GHz. The coordinates of 
the bottom left-hand corner are RA 17h 45min 28.4s, Dec. 
—29°23'00". The half-power beam is shown as a filled circle at the 
upper right-hand corner. The position of zero galactic coordinates 
(l= b=0) is marked by a circle on the diagonal line which indicates 
the b=0 plane. The peak flux density of Sgr A is 26.8 Jy and that 
of Sgr B2, 17.6 Jy. The Are reaches 2.6 Jy and the first layer towards 
Sgr B2, 0.7 Jy. The peak flux of the north-west arched filaments is 
2.1 Jy while that for the south-east arched filaments is 0.6 Jy. 


At 4.75 GHz we obtained three coverages scanned in right 
ascension (RA) and two in declination (Dec), covering a 40’ x 40’ 
field, but with the last RA coverage being extended to 1° 1°. 
The galactic centre is visible from Effelsberg for ~1.5h daily, 
therefore for the higher resolution 10.7-GHz map the region 
was observed in eight independent strips, with appropriate over- 
lap for the off-line processing and combination into one map. 
Because of atmospheric extinction only scans in RA (corre- 
sponding roughly to azimuth) were made. The region covered 
was 1° 1.1°, the northern extension being made to include all 
of Sgr B2. At both frequencies the maps (made using the NOD2 
procedure?) were calibrated absolutely using both calibration 
source information and existing lower resolution data covering 
a larger region. This was important for setting the edges of the 
maps to the correct absolute values. At 4.75 GHz we consulted 


-yg au ee ee 


= l ——— LETTERS TO NATURE 





Fig. 2. Polarized intensity radiograph (linear scale) of the same 

region as in Fig. 1 at 10.7 GHz. The peak polarized flux density 

of components A, B and C is 690, 310 and 140 mJy respectively, 
while that for Sgr A is 260 mJy. For further details see Fig. 1. 


the maps of Haynes et al.* and Altenhoff et al.’ and at 10.7 GHz 
the edge calibration was obtained using the map of Sofue et al’. 

Details of the 4.75-GHz polarization results, derived spectral 
index distributions and a catalogue of discrete point sources 
will be presented in a subsequent paper. Here we wish to draw 
attention to the results of the 10.7-GHz observations and the 
symmetrical extensions to the Arc seen in the 4.75-GHz total 
intensity map. Figure 1 is a radiograph of the total intensity of 
10.7-GHz emission. When this is compared with the original 
20-cm Very Large Array (VLA) map of Yusef-Zadeh et al.', our 
greater sensitivity to low-surface-brightness extended features 
is immediately evident. The two arched filaments reaching from 
the Sgr A halo to the north-west end of the ‘vertical’ filaments’ 
are now matched by a symmetrical pair of filaments reaching 
to their south-east end. In addition a fifth arched filament linking 
with the ‘sickle’ feature GO.18-0.04' is clearly visible. Two 
‘layers’ of emission parallel to the Arc but displaced towards 
Ser B2 can also be seen. These appear to be the brightened 
limbs of the helices seen by Yusef-Zadeh et al.’ at higher resol- 
ution. Overall there is a remarkable symmetry in the features 
seen above and below the galactic plane, although not in 
absolute surface brightness. 

Our main result is shown in Fig. 2, which is a radiograph of 
the intensity of polarized emission at 10.7 GHz. A core/lobe 
structure is visible at a position angle of 120°, parallel to the 
Arc. The outer lobes lie outside the extent of the Arc visible in 
Fig. 1 (Ref. 1) while the central core overlies not GO.18-0.04, 
where the true galactic plane crosses the Arc, but instead GO.16- 
0.13, an area of slightly enhanced continuum emission on the 
south-east portion of the Arc. The core A and lobes B and C 
have peak percentage polarizations of 22, 32 and 30% respec- 
tively in our 1.2’ beam. The two other patches of polarization 
visible correspond to Sgr A and a region close to the peak of 
Sgr B2. The percentage values here, 1% and 3% respectively, 
represent the level of instrumental polarization for Sgr A, but 
appear to indicate some intrinsic polarization south-east of Sgr 
B2. In Fig. 2 the core A and north-west lobe B correspond to 
the sources A and B of Inoue et al.’, respectively, while the two 
polarization lobes reported by Tsuboi et al.” appear to corre- 
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Fig. 3 Low-contrast (histogram equalized-linear scale) radio- 

graph of total intensity of a 60’ x60’ region around the galactic 

centre at 4.75 GHz. The bottom left-hand corner of the map 

coincides with the bottom left-hand corner in Fig. 1. The peak flux 

density for Sgr A is 58.5 Jy. The Arc reaches 6.6 Jy and the first 

layer towards Sgr B2, 0.9 Jy. The peak flux of the north-west arched 
filaments is 4.5 Jy. 


spond to our lobe B and to some combination of our sources 
A and C. This blending of sources A and C may be due to lower 
resolution and sensitivity in the Nobeyama data. 

The wide frequency separation of our two observations means 
that we are unable to derive unambiguous rotation measures. 
These are now being measured for each component using the 
Effelsberg telescope at 5 GHz. However, if we use the average 
rotation measures (RM) obtained for the A and B components 
by Inoue et al.’, of —1,660 and +800 rad m`? respectively, and 
assume that the symmetry in polarization characteristics of 
components B and C extends to their rotation measures, then 
we may estimate the intrinsic magnetic field directions from our 
observed E-field vectors and also estimate the differential rota- 
tion that would occur in our bandwidth. These calculations give 
intrinsic field directions of +30°, +14° and —25° relative to the 
120° position angle of the ‘jet’ feature seen in Fig. 2 for the 
components A, B and C respectively. Marginal alignment of the 
magnetic field direction with this feature is thus seen, particularly 
for the north-west lobe B, but we emphasize that detailed com- 
parisons must await the full RM mapping being carried out at 
5 GHz. (In addition, components A and C do not have unique 
E-field vector directions—a spread of up to 30° exists although 
centrally peaked at the values used above.) The predicted 
differential rotation across our bandwidth is 80° at 4.75 GHz 
and 7° at 10.7 GHz for RM = 1,660 rad m ~~ and half these values 
for RM = 800 rad m~™°. Thus, our 4.75-GHz data are significantly 
depolarized, particularly in position A, while the 10.7-GHz 
observations are relatively unaffected. 

The total intensity emission corresponding to the polarized 
lobes B and C can be seen in lower contrast displays of the 
10.7-GHz data as sharp, well-defined extensions to the Arc. The 
north-west extension bends slightly to the south and the south- 
east extension to the north at the points where the arched 
filaments join the Arc. This slight S-shaped morphology can be 
seen also in the structure of the polarization lobes (Fig. 2). The 
extension and the overall highly elongated bar-like structure of 
the Arc can be seen clearly in a low-constrast version of our 
4.75-GHz map (Fig. 3). Higher contrast versions of this map 
are very similar (although at half the resolution) to Fig. 1 and 
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in particular show the two new arched filaments to the south-east 
and the two parallel layers on the Sgr B2 side of the Arc. The 
extension of the Arc to the north-west visible in Fig. 3 can also 
be seen in 10.5-GHz Nobeyama data filtered to remove large- 
scale background structure (Fig. 8 of ref. 9), and appears to 
indicate a smooth continuation to the large-scale (~1°x 1°) 
‘Sofue lobe’”!° which extends to northern galactic latitude b ~ 
0.5° before reconnecting to the plane at Sgr C. The apparent 
absence of a comparable lobe at negative galactic latitudes, 
however, and the nevertheless remarkably symmetrical structure 
of the polarization components A, B and C and of the Arc and 
its extensions as observed here, suggest that caution is required 
in identifying the Sofue lobe directly as a continuation of the 
Arc. There exists also a problem with reconciling the apparent 
one-dimensional geometry of the filaments’ with the implied 
two-dimensional geometry of the Sofue lobe, if interpreted as 
a limb-brightened cylinder?!°. It is more probable that the Arc 
and the polarization structure are phenomena causally related 
to the lobe, but with different emission and supporting mechan- 
isms. What is suggested, however, is the strong possibility that 
similar phenomena will be seen at the point where the lobe (or 
western spur as seen in the Altenhoff et al.” map at I~ —0.6°) 
reconnects with the galactic plane. A A=20cm VLA map of 
this region'’ already indicates the existence of a bar-like feature 
at this point, perpendicular to the plane, and similar in appear- 
ance to the Arc. 

The core/lobe polarization structure seen in Fig. 2 is reminis- 
cent of the total intensity picture of a classical double radio 
source, and seems to argue compellingly for the core position 
as being a centre of activity, perhaps associated with some 
ejection phenomenon. Recent 160-MHz observations’* show 
that the only low-frequency emission visible from the Arc is 
also from this position, again arguing for its special status. Early 
10.7-GHz observations* mention the existence of a nonthermal 
source in a position very close to the core (GO.16-0.15) where 
recombination lines were absent. However, recent total intensity 
pictures of this region at high frequencies (our Fig. 1 or Fig. 1 
of ref. 1), do not distinguish the region at all—it appears to be 
a smoothly connected part of the filamentary structure. This is 
a major obstacle to any interpretation involving ejection from 
this position as the explanation of the Arc or the polarization 
lobes. 

To get around this, we may extend the suggestion put forward 
in ref. 12. The structure seen in polarization and low-frequency 
emission may be the result of obscuration by a non-uniform 
screen of thermal material, threaded by the ambient magnetic 
field, which attenuates at low frequencies and depolarizes the 
underlying assumed synchrotron radiation. (That the underlying 
radiation is synchrotron seems certain from the high percentage 
polarizations, 30% in the outer lobes and on smaller scales tn 
component A!*, and from the extreme linear geometry of the 
filaments, suggesting a magnetic field as the underlying organiz- 
ing agent.) Some support for this suggestion comes from the 
observation that component A lies in a large gap symmetrically 
placed with respect to the arched filaments (Fig. 1). Thus if 
material were being fed along the arched filaments from the 
vicinity of the galactic nucleus as part of a supply of matter to 
the envelope surrounding the vertical filaments, it might be the 
case that only close to the termination point of the filaments on 
the Arc would sufficient material accumulate to flatten the spec- 
tral index and depolarize the underlying synchrotron radiation. 
The amount of material required for this purpose is estimated 
in ref. 12 at a few tens to a few hundreds of solar masses, 
although the suggestion is made that the material originates 
from the ambient gas surrounding the vertical filaments”, rather 
than from Sgr A itself. Against this explanation, however, is the 
circular appearence of the central component A and the two 
small blobs of polarized emission either side of it pointing to 
the lobes (Fig. 2). This would seem difficult to generate via 
non-uniformities in an intervening screen without artificial 
assumptions as to the screen’s geometry. Higher resolution 
polarization observations’* show that component A is rather 
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less ordered than suggested by its appearance in our observa- 
tions, so this objection may be irrelevant. Also, the symmetry 
of B and C extends only to general appearance and percentage 
polarization and not to their detailed morphology so that again 
an explanation in terms of the effects of screening material is 
not ruled out. The general symmetry evident might in any case 
be expected on the basis of an approximate symmetry in distribu- 
tion of screening material with respect to the galactic plane. 

The nature of the polarization structure and its central com- 
ponent is so far unclear, as is its stability and lifetime. (It does 
not, unlike the Arc itself, lie along a surface of constant angular 
velocity in the Oort mass distribution'*.) However, it is clear 
that it must be reconciled with any general picture of activity 
at the galactic centre. Such a picture would seem now to have 
to include a ‘chimney’ of buoyant outflowing material (the Sofue 
lobe) similar to that seen in optical emission as a spur in the 
Crab nebula’ and in radio emission as one-sided lobes in other 
spiral galaxies'’®. The appearance of the Arc feature and the 
polarization structure at the point where the chimney crosses 
the galactic plane, will certainly prove to be important in under- 
standing the complexities of the galactic centre. 

We thank W. Kundt for useful discussions. J.H.S. thanks the 
Alexander von Humboldt Foundation for support at the Max- 
Planck-Institut für Radioastronomie during this work. F.Y.-Z. 
thanks the NRAO for travel support. 
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Recent observations of the 10-GHz continuum’ have indicated that 
there is a pair of lobes having ridges of intensity extending from 
the galactic centre region in a direction perpendicular to the 
galactic plane. This observation has attracted considerable atten- 
tion as it is clearly an indication of dynamic processes occurring 
at the centre of our Galaxy that are similar to those occurring in 
the nuclei of radio galaxies, though different in scale and in 
strength’. Here we interpret these lobes as being due to a mag- 
netodynamic acceleration mechanism in which the production and 
relaxation of the magnetic twist induced by the rotation of the 
contracting gas disk play a part. The plasma is accelerated in a 
conical cylinder with a helical velocity field, reproducing the 
observed feature of radio lobes. 

The structure (referred to as GCL, for galactic centre lobes) 
that is located on both sides of Sgr A with some asymmetry, has 
proved to have further interesting features. Yusef-Zadeh et al? 
showed by means of high-resolution Very Large Array (VLA) 
observations that a source related to the galactic centre has a 
very peculiar structure. The structure, called the galactic centre 
radio arc (GCRA), is embedded in the galactic dust and has a 
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Fig. 1 Evolution with time of: upper sequence, the poloidal velocity vector, vy (= v, v,), overlain on the density contour; lower sequence, 

the poloidal magnetic field lines, B} (= B,, B,). The numbers below each figure represent units of 7. It can be seen that a hollow cylindrical 

flow of denser material just like GCL is formed as the magnetic twist accumulated by the rotation of the disk starts relaxing toward the 
z-direction. The circle at the centre indicates the inner free boundary for the calculation. | 


thread-like appearance, strongly suggestive of magnetic fields, 
with one part lying vertically just at the foot, and in the extension, 
of the eastern ridge of GCL. The other part connects the north 
end of this vertical thread-like structure to Sgr A. Recent VLA 
observations* show that a similar structure is found at the foot 
of the western ridge of GCL. By measuring the multi-band 
polarization of the eastern ridge at 10 GHz, Inoue et al.” found 
that the polarization has peaks at both ends of the vertical part 
of the GCRA, and the sense of Faraday rotation is opposite at 
the north and south ends. A further measurement of Faraday 
rotation-corrected polarization (M. Tsuboi and M. Inoue, per- 
sonal communication) reveals that the line-of-sight magnetic 
field component along the eastern ridge of GCL is directed 
towards us on its northern arm and away from us on its southern 
arm. The direction of the projected component of the magnetic 
field is parallel to the ridge of GCL, and the degree of linear 
polarization is as high as several tens of per cent. These observa- 
tions suggest strongly that the entire process which led to the 
ejection of GCL is related to the magnetic field. 

_ As for the formation of double radio lobes associated with 
radio galaxies and quasistellar objects, it has been suggested 
that the magnetic field and rotation might have important 
roles”, More recent theoretical studies have attributed the for- 
mation of these lobes to the guiding of the strong wind from 
their source by the funnel structure in the thick disk surrounding 
the source of these objects*-"', with a few noting the importance 
of the magnetic field in the formation of jets'*"°. For our Galaxy, 
however, before the discovery of the GCL it was believed that 
the activity, if it existed, was too weak to produce such 
phenomena. l 

Here we propose a magnetodynamic mechanism which 
explains the production of GCL by the combined effect of the 
rotating disk and of the magnetic field near the galactic centre. 
The mechanism relies on the continual production of a magnetic 
twist by the rotation of the disk around the galactic centre; the 
unequilibrated magnetic pressure gradient built up near the 
surface of the disk in this process causes the relaxation of the 
magnetic twist to the +z directions, pushing out the plasma with 
helical velocity. We describe in the following the method used 
and the results obtained. 

Consider a rotating accretion disk which entwines a part of 
the large-scale magnetic field. A system of ideal magneto- 
hydrodynamic equations, in a pseudo-three-dimensional formu- 
lation, for a cylindrical symmetry (3/ð¢ =0, but allowing ¢- 
components of vector quantities) is solved numerically using a 
modified Lax-Wendroft scheme. A set of non-dimensional para- 
meters (R,, R, and R,) specifies the physical situation of the 


problem under consideration, where R,= v?/vk, Ra= Va/vq 
and R3= Uioi/ UK, and U= (yRT)”, Va = B/(4rp)”, Ug = 
(GM/r), the R,s representing the relative importance of the 
pressure gradient force, the Lorentz force, and the centrifugal 
force with respect to the gravity force, respectively. (V.o rotation 
velocity; vy, keplerian velocity). A similar solution may hold if 
the set (R,, Rz, R3,)o at a point near the inner edge of the disk, 
as well as the initial distributions of quantities in the relative 
coordinate, r/ L, (where r is the radius and L is the typical scale 
of the problem) are the same. The timescale differs from case 
to case as T= L/ v,. ` 

Values of R, are determined for the galactic centre region as 
follows: Mezger and Pauls'® have-demonstrated the existence 
of an extended cloud of H 11 with a thickness and diameter of 
~100 pc and 300 pc, respectively, a mean ionized gas density 
p~10 my cm”? (my is hydrogen mass), and an electron tem- 
perature of 5,000 K. The total mass involved in the part of the 
disk with r<60 pc (mean distance of the east and west ridges 
of the lobes) from the galactic centre (Sgr A) is ~3 x10% Mo, 
and the rotation velocity at r=60 pc is ~180 kms‘, as derived 
from the Hi and CO line observations of the galactic centre 
region'’. The magnetic field strength may be roughly evaluated 
by applying the equipartition law for energy densities of high- 
energy electrons and the magnetic field; using our 10-GHz radio 
continuum data for the galactic centre region”, we obtain B~ . 
2x 107° G at the location of the GCRA. From these quantities 
we obtain v,=8kms', V,=14kms", in the disk near the 
GCRA. These quantities yield the set of parameters (R,, Ro, 
R3)o~ (1.81077, 6.1x 107°, 1—8) where 6 is a small fraction 
of unity, assuming that the part of the disk under consideration 
is rotating at a sub-keplerian velocity and is still in the contract- 
ing stage. It is interesting that the set of non-dimensional para- 
meters thus derived is not very different from that for a corre- 
sponding point (3.0x 107°, 7.2x 10°; 1— ô) in. the protostellar 
case examined previously’. Thus, we may expect that the out- 
flows from the galactic centre region will be similar (though 
very different in scale) to those in the star-forming regions, 
which, in our view, also result from the magnetic field becoming 
twisted up in the rotational motion of the contracting accretion 
disk towards the end of the star-formation process. 

Figures 1 and 2 show the result of numerical simulations for 
the present situation. The calculation is preliminary because we 
assumed that the effective gravity source is a point mass at the 
centre. Cases corresponding to a more realistic situation in the 
galactic centre region are now being dealt with, and a fuller 
discussion of such cases, which confirm the basic validity of the 
present result, will be published elsewhere”. 
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Fig. 2 a, The poloidal velocity vector overlain on the density contour. b, The poloidal magnetic field lines. c, The contour of the toroidal 

magnetic field strength, B,. (All parameters at t= 2.547.) It can be seen in b that the poloidal magnetic field has a vertical component in the 

disk, together with some other field lines obliquely connected to the inner part, corresponding to the vertical and oblique structures of the 

GCRA. From ç, ıt can be seen that the toroidal component has opposite polarities on both sides of the equatorial plane, as Inoue et al.'s 
observation indicates”. 


Figure 1 shows the time development after a disk is formed 
in a plane perpendicular to the large-scale magnetic field, and 
is still contracting (R; <0). The circle at the centre is the inner 
free boundary for the calculation. The upper sequence (overlay 
of the velocity field projected on the density contour in the r-z 
plane) shows that, following the preceding fast-mode front due 
to the squeezing around the axis of rotation, there appears a 
denser flow rising with a horn-shaped profile, corresponding to 
a hollow conical cylinder in three dimensions. Figure 2 shows 
the situation at t=2.547 (r=L/vy at r= L) in full, as an 
example. The poloidal magnetic field B, (=B,, B,) is pulled 
both inwards and into the y-direction by the contracting rotation 
of the disk, and the toroidal field B, is produced continually. 
The accumulated B, relaxes along By as a magnetic-twist front. 
The signs of B, above and below the plane of the disk are 
opposite because it is produced by the rotating disk winding up 
the poloidal field. Clearly, the energy of the cylindrical flow 
derives from the rotational energy of the dense part of the disk, 
mediated by the action of the magnetic field. The unequilibrated 
gradient in B,, which is continually produced by the effect of 
rotation, pushes up the mass of the less dense (but dense enough 
to make high contrast in the halo) surficial region of the disk 
into a conical jet. 

It is readily noted from Figs 1 and 2 that the density contour 
has a similarity to GCL observed by Sofue and Handa’, and 
that the near-disk configuration of By and the distribution of 
B, may explain the shape of the GCRA and the reversal of the 
line-of-sight component of the magnetic field*®. It is characteris- 
tic of our mechanism that the velocity field has v, (though not 
shown here} which, together with vy, yields a helical velocity 
field. The velocity of the outflow is of the order of 150- 
200 km s™}, and the rotational velocity near the disk and near 
the front is of the same order as this, but is considerably less 
in between. Preliminary results from the observation of GCL in 
CO lines, now being done using the Nagoya University 4m mm- 
wave telescope (I. Suwa, Y. Fukui, Y. S. and T. Handa, personal 
communication) suggest that the observed velocity field is not 
inconsistent with our model. 

We require some support for our assumptions, for example, 
the assumption that the initial magnetic field is perpendicular 
to the plane of the disk, and R,=v7,,(r)/vx; <1. The former 
assumption, which seems to be observationally actually the case 
with the star-forming regions”, is likely to be relevant in a wide 
variety of condensations of the magnetized mass. This is because 
it is easier for the initial condensation to occur along By than 
perpendicular to it”? 
component perpendicular to the magnetic field in the initial 


# 


“te 


, and also because the angular momentum ° 


cloud tends to be damped in the earlier phase of contraction, 
and the component parallel to By remains”"”*. Although the 
magnetic field in the galactic arms is largely aligned with the 
arm structure, it is possible that the magnetic field in the galactic 
centre part has poloidal components. The observations in refs 
3, 5 and by Tsuboi et al. (personal communication) strongly 
support this notion. 

The second assumption—-that R, < 1—is obviously the case 
if the accreted gas is still outside its Kepler radius. Even after 
it reaches the Kepler radius, however, the condition R,<1 may 
be brought about in the final phase of accretion due to the loss 
of angular momentum by the production of the magnetic twist 
and the mass ejection by the present mechanism. The rotation 
is thus braked (R, <1), and the disk mass can continue to fall 
spirally toward the centre of gravity'®. A larger amount of energy 
is released and can be converted to that of the hinolar jet as the 
centre is approached, since the mediator, the magnetic field, 
gains strength in the compression and winding up operates more 
effectively. 

Finally, note that the process discussed here may be either a 
continuous process or a train of discrete events, depending on 
the supply of magnetized material. Similarly, the process can 
be asymmetric with respect to the axis or the equatorial plane, 
if there is such an asymmetry in the distribution of the density 
or magnetic field in the accreted cloud, although the calculation 
was performed by assuming axisymmetry as an idealization. 
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Kurth et al.", using Voyager radio data and a simple model of 
solar-wind expansion, have inferred the location of the heliospheric 
shock to be 46 AU. Additional consideration of their data and the 
use of a modern model of the distant solar wind allow us to reduce 
this estimate to as little as 30 AU. The shock occurs where the 
solar wind pressure falls to that of the local interstellar medium 
(LISM). This value for the distance to the shock is less than half 
that usually expected, indicating that the parameters thought to 
describe the LISM differ from those commonly assumed. Pro- 
visionally accepting this interpretation, we applied a sophisticated 
model of solar-wind expansion to deduce a range of parameters 
for the LISM that predicts a comparable shock location. 
Specifically, we find that either the interstellar magnetic field is 
more than double the presently accepted value of 0.3 nT, or the 
pressure due to galactic cosmic rays with energies near 0.1 MeV 
is that obtained by simple extrapolation of the observed flux at 
higher energies inside the heliosphere, or some combination of 
these two external effects to yield an effective interstellar pressure 
approximately quadruple present estimates. 

As the solar wind flows into the LISM, it undergoes a transi- 
tion to subsonic flow and then expands until it is dispersed 
within the LISM. Using Voyager data, Kurth et al.’ reported on 
2-3-kHz radio emission at 18 AU, which they suggest is radiation 
at the second harmonic of the plasma frequency at the helio- 
spheric shock (erroneously called the heliopause*). They assume 
that the solar-wind electron concentration falls off as r~?, the 


terminating shock is a strong shock with a fourfold density ` 


enhancement, and the lower cutoff of the observed emission is 
the local plasma frequency at the spacecraft. They then infer 
the heliocentric distance to the heliospheric shock in the direc- 
tion of motion of the Solar System through the LISM (the 
upstream or apex direction) to be r,=46 AU. Accepting this 
interpretation of the 3-kHz radio emission, we refine the estimate 
for r, and place new limits on properties of the LISM. We can 
do this because r, depends on the total hydromagnetic pressure 
that the LISM exerts on the heliosphere and is thus a function 
of LISM parameters. , 

Before leaving the interpretation of the Voyager data, we point 
out one possible deficiency in the analysis. The 2-kHz cutoff 
and an inverse square variation of density with radius imply a 
density of 1.6 x 10’ m~ at 1 AU, more than double the observed 
average value. The cutoff could result from the spacecraft being 
shielded by a high-density co-rotating interaction region rather 
than being immersed in a uniformly dense solar wind, so this 
is not an objection to the general ideas presented by Kurth et 
al. In situ values quoted by Kurth et al. show that the local solar 
wind had a lower density than implied by the 2-kHz cutoff. The 
significance of this point is that more reasonable values for the 
solar wind number density require that the heliospheric shock 
be located not at 46 AU, but as close as 30 AU. This value is still 
not precluded by interplanetary data. Pioneer 10 is nearly at 
that distance but in the antapex direction. 

Commonly accepted parameters for the LISM and the helios- 
phere are summarized in Table 1 (refs 3-9). We have used both 
the data from early 1983 and a knowledge of solar cycle vari- 
ations for solar wind values*” to arrive at a set of appropriate 
heliospheric parameters for the observation interval. These num- 
bers are used to calculate what can be called the standard value 
for r, in which cosmic ray and interstellar neutral gas pressures 
are ignored, and the solar wind mass density falls as 1/r*. The 
result is a discrepancy between theory and experiment; r, is 
predicted to lie at 117 AU—far beyond the 46 AU distance infer- 
red by Kurth ef al. 
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Fig. 1 Variation of the solar wind dynamic pressure with radius, 

using the heliospheric parameters from Table 1. The solid line 

represents the variation when the effects of magneto hydrodynamic 

meridional transport? and interstellar neutrals*'? are included. 

The broken line represents the variation without these effects, 
resulting in an r`? dependence. 


The difference between the standard value for r, and the 
observed value is reduced by including in the solar-wind flow 
model both meridional transport (which moves mass polewards 
from the Equator)'®'' and mass loading by charge-exchange 
with interstellar neutrals*°**. The meridional transport causes 
the density to fall off as r” (1—0.065Inr) and the charge 


, exchange causes the velocity to decrease approximately as 


u. (1 -0.0028 r) while maintaining the mass flux to be a constant 
independent of radius, where r is expressed in AU. The dynamic 
pressure exerted by the.solar wind on the LISM, in the presence 
of these two effects and using the parameters from Table 1, is 
shown in Fig. 1. In the absence of meridional transport and 
interstellar neutrals, the dynamic pressure falls off as r77. 
Meridional transport reduces the standard estimate of r, to 
98 AU, and charge exchange with interstellar neutrals further 
reduces it to 86 AU. Nevertheless, the standard estimate is still 
far beyond the inferred value of 46 AU. To reduce the distance 
to the heliospheric shock to that inferred by Kurth et al, it is 
necessary to alter some parameter of the LISM or to introduce 





Table1 Interstellar and heliospheric parameters 


Interstellar parameters i 
Standard values 
4x 104m”? 


n, (1on and neutral concentration) 
10*K 


T, (plasma and neutral 
temperature) 

(m,) (average ion and neutral 
mass) 

V, (flow speed of ions and 
neutrals relative to the Solar 
System) 


Proton mass (m,) 


22.5x10* ms! (in the ecliptic 
and approximately counter to 
the direction of Voyager 1 


motion) 

B, (interstellar magnetic field) 0.3 nT 
a (compression factor of B? 2.25 

around the heliosphere) 
Heliospheric parameters 
Ho (solar wind flow speed) 4.5x10° ms! 
no (1 AU) 6.5x10f m7 
B, (1 AU) i TnT 


K (multiplies total interstellar 
pressure to account for 
dynamics in subsonic flow 
regime) 

(mo) (average ion mass) 


1.483 (assuming By 1s 7 nT) 


1.16 x Mp 
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a physcial process not yet considered in the calculation of the 
standard value. Two possibilities for altering the LISM are 
apparent. 

First, the interstellar magnetic field strength, B,-by far the 
least well determined parameter—-can be adjusted to reduce r, 
to the required value. The interstellar magnetic field is pushed 
aside by and draped over the heliospheric cavity so that it is 
generally more nearly parallel than perpendicular to the helios- 
pheric boundary, and the magnetic field strength is increased 
by a factor of ~1.5 through this deformation and compression®”. 
The direction of the unperturbed interstellar magnetic field 
relative to the heliopause boundary in the apex direction is, 
however, completely unknown, so we only use the 1.5 enhance- 
ment factor as an estimate of the interstellar magnetic field effect. 
Setting the solar-wind pressure at 46 AU equal to B2/2 uo, we 
find B, = 0.73 nT. This is more than double the value quoted in 
Table 1, which is larger than permitted by observational con- 
straints. 

The second possibility is that low-energy galactic cosmic rays 
exert a significant pressure on the solar wind***'*, The subsonic 
solar wind beyond the heliospheric shock shields the inner 
heliosphere from cosmic rays with energies below about 5 MeV. 
Below ~1 MeV, this process causes the galactic cosmic ray flux 
to fall nearly to zero inside the heliospheric shock and represents 
a force on the solar wind that can be approximated by an 
additional pressure equivalent to the interstellar thermal press- 
ure. The flux of cosmic rays outside the heliospheric shock with 
energies <1 MeV is not known, but if it is larger than within 
the heliosphere, the excess flux outside exerts this pressure. 

The integral flux of cosmic rays above 0.1 MeV required to 
produce a pressure of 4x107" Nm™ is 5x 10* protons m? 
s-'sr~', This 1s the flux that would be obtained by simply 
extrapolating the integral spectrum observed within the helios- 
pheric shock above 10 MeV (where the effect of the solar wind 
is negligible) to 0.1 MeV using an E~' power law'*'*. This is a 
relatively small extrapolation and it thus appears that cosmic-ray 
pressure on the heliopause may be responsible for bringing the 
theoretical estimate of r, to the distance suggested by 
observation. 

Returning to the estimate of r, using the Voyager radio data, 
there is the question of whether r, should be 46 Au or 30 AU. 
If 30 AU is the preferred value, our results for the interstellar 
magnetic field strength and cosmic ray flux must be suitably 
modified. To bring the theoretical value of r, in to 30 AU, we 
use Fig. 1 to find that the lower limit for B, would be 1.2 nT, 
or the flux of cosmic rays above 0.1 MeV would increase to 
1.5 x 10° protons m`? s~' sr7!. Finally, we note that the physical 
relevance of our analysis rests on the validity of the interpreta- 
tion by Kurth ef al.’ of the single observational set of radio 
emissions obtained by Voyager during a 6-month interval start- 
ing in late 1983. The phenomenon has not been reproduced 
(W. R. Kurth, personal communication), which raises the possi- 
bility of an alternative interpretation to that of the detection of 
the heliospheric shock. 
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Osmium isotope constraints on 
Earth’s late accretionary history 
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Osmium isotope measurements reported by Allègre and Luck’? 
indicate that terrestrial osmiridiums evolved in a mantle source 
region in which the osmium/rhenium ratio falls strictly within the 
range found in chondrites. This suggests that the highly siderophile 
elements in the Earth’s mantle were introduced by a late influx 
of chondritic material and are not a result of endogenous processes. 
I have now examined the available data in more detail and conclude 
that the inferred Os/Re ratio of the Earth’s mantle matches the 
E group and C3 chondrites, but that C1 and probably C2 chondrites 
were not major components of the material accreted in the late 
stapes of mantle formation. 

The abundances in the Earth’s upper mantle of such highly 
siderophile elements as the platinum group elements (PGE; Ru, 
Rh, Pd, Os Ir, Pt), Re and Au are much higher than would be 
expected if the Earth’s Fe-Ni core had been formed by a 
low-pressure equilibrium process’ 6. Recent studies of spinel 
lherzolite xenoliths of upper mantle origin have shown that the 
worldwide distribution of PGE is surprisingly uniform, averag- 
ing 3.4 parts per 10° (p.p.b.) Os, 3.7 p.p.b. Ir and 4.6 p.p.b. Pd’; 
apparently the presence of small amounts of sulphide ‘buffers’ 
the PGE abundances over a wide range of lithophile element 
depletion’®, In addition, and perhaps more importantly, the 
PGE are present in approximately cosmic (that is, C1 chondrite) 
proportions. Abundances of Au and Re are more variable and 
the variability seems to be correlated with depletion of lithophile 
elements. The fact that the higher values of Au and Re in the 
least depleted xenoliths approach cosmic proportions with 
respect to the PGE strongly suggests that the concentration range 
observed in spinel lherzolites is the result of depletion from an 
initially chondrite-like pattern equivalent to about 0.01 of Cl 
chondrite abundances. It is now widely accepted that the highly 
siderophile elements were probably introduced by a late influx 
of siderophile-rich chondritic material after formation of the 
Earth’s core®™™!}12, By analogy with the formation of the major 
lunar basins, the highly siderophile complement of the Earth’s 
upper mantle above the 670-km discontinuity may have been 
contributed by the infiux of 10% g of planetesimals during the 
first 600 Myr of the Earth’s history. For a reasonable range of 
geocentric planetesimal velocity, and making allowance for 
gravitational focusing, this influx rate corresponds closely to 
that inferred for the Moon’. There are dissenting views, however. 
Brett’? argues that low-pressure (~30 kbar) equilibration with 
an Fe-S-O eutectic liquid may reproduce the observed mantle 
siderophile abundances (particularly the moderately siderophile 
elements Ni and Co, which are not discussed here). Similarly, 
Jones and Drake’ suggest that the highly siderophile element 
content of the upper mantle is the result of a small amount of 
residual metal remaining after core separation. The important 
point is that the ‘exogenous’ or late-influx model requires 
originally chondritic siderophile element ratios whereas 
‘endogenous’ models such as those cited above must explain 
why chondritic ratios are observed. Thus, observations suggest- 
ing strictly chondritic siderophile ratios simultaneously 
strengthen exogenous and undermine endogenous models. 

Recent developments in the mass spectrometry of Os and Re 
have enabled Luck, Allègre and Birck':”!> to repeat with very 
high precision the pioneering work of Herr and co-workers’*"". 
Isotope analyses of iron meteorites and the metallic phase of 
chondrites describe a linear array ona plot of !®’Os/!"°Os against 
187Re/!8Os. Regression analysis yields an initial '*’Os/ 
'86Q5 = 0.805+0.006 and a decay constant, A, of '’Re= 
(1.52+ 0.04) x 107'! yr’, corresponding to a half-life of 4.56 x 
10'° yr assuming that chondrites and iron meteorites have a 
common age of 4.55 x 10° yr (ref. 1). 
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Of particular relevance to the question of highly siderophile 
elements in the mantle is the determination of }®’Os/'®°Os ratios 
in osmiridium samples of known provenance and age’. The 
mineral osmiridium is composed largely of Os and Ir, and 
contains no Re. As a result, the '°7Os/!8°Os in osmiridium is 
identical to that developed in the mantle source region until the 
time, í, of separation and emplacement. By making the approxi- 
mation Aft=(e*t—1) and plotting ('8’0s/'*Os) against t, 5 
osmiridiums from placer deposits of known provenance and age 
in Australia, South Africa, Columbia and the Soviet Union 
closely fit a straight line (r=0.998) with an intercept at age 
4.55 x 10° yr of (°’Os/18°Os), nma = 0.805, an identical value to 
that obtained for meteorites’*. Consequently, the mantle evol- 
ution curve would be unchanged if the initial meteorite 
1879s/'8°Os ratio were used as an additional constraint, as in 
the work of Luck and Allégre’*. The slope gives a value for 
('87Re/'8®Qs) mane Of 3.39, which corresponds to a mass ratio 
Os/Re of 11.8. Since this ratio lies in the middle of the chondritic 
range (as pointed out in ref. 2, and discussed in more 
detail below), it confirms the previous inference that Re in the 
mantle was originally in chondritic proportion to Os, and by 
extension, to the other highly siderophile elements that have 
chondritic ratios relative to Os. Because Os and Re are 
refractory siderophiles and are not greatly fractionated by 
cosmochemical processes, this is a highly predictable result if 
one accepts the exogenous model*”””. By the same token, a 
high degree of coincidence must be invoked for endogenous 
models 4, 

The striking precision of.the mantle Os/ Re ratio derived from 
. osmiridium makes it tempting to carry the analysis a stage 
further. Although the lack of variability of the Os/Re ratio in 
meteorites is often stressed, in detail there appear to be sig- 
nificant differences between meteorite groups. For example, in 
the meteorite '*’Re-'®’Os isochron, points for chondritic metal 
lie marginally above the iron meteorite line’. Considerable 
recent radiochemical neutron activation (RNAA) data now exist 
for Re and Os abundances in chondrites which appear to show 
quite regular variations in Os/Re ratio with meteorite group- 
ing'*:!?-?3, These whole chondrite data appear to give Os/Re 
ratios directly comparable to mass spectrometric isotope dilution 
(MSID) values for chondritic metal, respective RNAA and 
MSID values being 10.0 and 9.9 for the Beaver Creek (group 
H4) meteorite, 9.8 and 10.2 for the Menow (H4) meteorite, and 
9.7 and 9.7 for the Ambapur Nagla (H5) meteorite. 

Since small differences in the Os/Re ratio may be inform- 
ative, the osmiridium regression analysis has been repeated 


- 
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Fig.l Comparison of Os/Re ratios in chondnte groups 
with that of the Earth’s upper mantle. Closed symbols, 
RNAA, open symbols, MSID. 


19 f 


using the expression 


(a) (ae) (a) ii i 

1860s),  \6Os/, \ 18505 A Vog 
where A is the '®’Re decay constant, t is the age of the osmiridium 
and the subscripts refer respectively to the ratios at time t and 
time zero (that is, now). To improve the estimate, ('®”Os/'*°Os), 
was plotted against (e™ —1) instead of the Af approximation, 
to yield ('8’Re/'*°Qs),,antle = 3-32, Corresponding to Os/Re= 
12.06 by weight. The difference between e*‘~—1 and At is small 
(~3.5% for t= 4.55 x 10° yr) and may be comparable to uncer- 
tainties in the ages of osmiridium emplacement. Nevertheless, 
the age error is probably random, and substitution of e*‘ —1 for 
Af removes a small but significant bias from the estimate. 

If this value truly approximates the primordial mantle ratio, 
comparison with the chondrite value suggests that only the C30, 
C3V and E group chondrites are candidates for the material 
accreted in the late stages by the Earth (Fig. 1). C1 chondrites 
do not match the mantle ratio. Without invoking special fraction- 
ation effects, the concept of an Earth composed entirely of C1 


_ chondrites seems implausible’. On the other hand, the isotope 


data tend to support the suggestion, based on rare gas abund- ° 
ances, that the late addition of material resembled C3V chon- 
drites in composition™’. The isotopically derived Os/Re mantle 
ratio closely resembles that of the sheared garnet Iherzolite PHN 
1611, whose pyrolite-like composition suggests that it may rep- 
resent our best approximation to undepleted mantle material”. 
The spinel lherzolites, as suggested above, approach the true 
mantle value in the least depleted samples. 


Received 30 May, accepted 21 August 1985 


1 Luck,J M & Allègre, C J Nature 302, 130-132 (1983) 

2 Alègre, C J & Luck,] M Earth planet Sct Lett 48, 148-154 (1980) N 

Ringwood, A. E in Advances in Earth Science (ed Hurley, P} 287-356 (MIT Press, 
Cambndge, 1966} 

4 Brett, R Geochim cosmochim Acta 35, 203-221 (1971): 

5 Kimura, K, Lews, R S. & Anders, E Geochim cosmochim Acta 38, 683-701 (1974) 

6 Chou, C L Proc. 9th lunar planet Sct Conf, 219-230 (1978) 

7 Jagoutz, E et al Proc. 10th lunar planet Sci Conf 2031-2050 (1979) 

8 

9 

G 


ua 


Mitchell, R. H & Keays, R R Geochim cosmochim Acta 45, 2425-2442 (1981) 

Morgan, J W , Wandless,G A, Petne,R K & Irving, A J Tectonophysics 75, 47-67 (1981) 

Morgan, J W & Baedecker, P A Lunar and Planetary Science XIV, 513-514 (Lunar and 
Planetary Institute, Houston, 1983) 

11 Wanke, H Phil Trans. R Soc. A303, 287-302 (1981) 

12 Newsom, H. E & Palme, H Earth planet Sct Lett 69, 354-364 (1984) 

13 Brett, R Geochim cosmochim Acta 48, 1183-1188 (1984) 

14 Jones,J H & Drake, M J Lunar and Planetary Science XV, 413-414 (Lunar and Planetary 

Institute, Houston, 1984) 


' 15 Luck, J M, Birck, J L & Allègre, C J Nature 283, 256-259 (1980) 


16 Herr, W & Merz, E Z Naturforsch 1a, 613-615 (1955) 


” 


NATURE VOL 317 24 OCTOBER 1985 _ 





17 Heer, W, Hoffmeister, W, Hirt, B, Geiss, 3 & Houtermans, F. G Z Naturforsch 16a, 
1053-1058 (1961) 

18. Herr, W, Wolfle, R, Eberhardt, P & Koppe, E m Radioactive Dating and Metheds of 
Low-Level Counting, 499-508 (IAEA, Vienna, 1967) 

19 Takahashi, H , Janssens, M J, Morgan, J W & Anders, E Geochim cosmochim. Acta 42, 
97~106 (1978) 


20 Wolf, R, Richter, G R, pi dd A B & Anders, E Geochim casmochim, Acta 44, - 


711-717 (1980) 

21 Ebihara, M, Wolf, R & Anders, E Géochim. cosmochim, Acta 46, 1849-1861 (1982) 

22 Hertogen, I, Janssens, M J, Takahashi, H, Morgan, J W & Anders, E Geochim 
cosmochim. Acta 47, 2241-2255 (1983) 


23 Morgan, J W., Janssens, M J;:Takahashi, H, Hertogen, J & Anders, E. Geochim. | 


cosmochim Acta 49, 247-259 (1985) 
24 Anders, E & Owen, T Serence 198, 453-465 (1977) 


k 





Evidence for lower crustal ductile 
strain localization in southern New York 
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Historic triangulation data. have been analysed to determine 
whether intraplate seismicity is associated with ongoing ductile 


deformation in the lower crust. The model we have attempted to - 


test-is basically analogous to strain accumulation and release 
along plate-boundary strike-slip faults like the San Andreas Fault 
in California. That is, beneath an elastic-seismogenic upper crust 
~20 km thick, strain is preferentially localized within ductile shear 
zones -in the lower crust due to broad-scale plate driving forces. 
The localized lower-crustal-ductile strain causes stress and strain 
to accumulate elastically in the brittle crust which is eventually 
released in crustal earthquakes. At greater depths, this localized 
shear deformation probably develops into pervasive ductile flow. 
Numerous geodetic measurements along the San Andreas Fault 
confirm that earthquakes in the brittle upper crust are produced 
by. the release of elastic strain Piat results from ongoing ductile 
shear or slip in the lower crust™?. We have found evidence of high 
rates of crustal deformation in southern New York which suggest 
that localized ductile shear is occurring in the lower crust. 

The presence of ductile shear zones in the lower crust has 
been suggested by workers who have studied geological struc- 
tures within exhumed shear zones*” and effects of temperature 
and pressure on the dominant deformation mechanisms of crus- 
tal rocks’. Laboratory studies suggest several mechanisms that 
may be responsible for the development of such zones in lower 
crustal conditions®. Several authors have suggested that sig- 
nificant deformation may occur along discrete large-scale shear 
zones within continents”'°, and play a key role in continental 
fragmentation'’. In the context of the model tested here, these 
shear zones would be sites of localized ductile shear in the 
intraplate lower crust. 

We have analysed repeated triangulation measurements made 
by the National Geodetic Survey (NGS) in three areas: the 
region of the Ramapo fault zone of northeastern New Jersey 
and south-east New York, the New Madrid area of southeastern 
Missouri and northeastern Arkansas, and the Charleston, South 
Carolina area. Large earthquakes occurred near Charleston in 
1886 and near New Madrid in 1811-12. AIl three areas are 
currently seismically active. 

To establish horizontal control points for map makers, 
engineers and others, NGS routinely measures the angles in 
networks of control points. The primary purpose of making the 
measurements is not the detection of crustal motion and the 
angles are not systematically reobserved. However, the demands 
for additional control often require that areas be resurveyed and 
in the process some angles are reobserved. Only the shear strain 


į 
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components of the strain tensor can be determined from repeated 
angle observations. 

While insufficient repeated angles were available to obtain 
useful results in the New Madrid and Charleston zones, 130 
repeated angle measurements were available in the region of 
the Ramapo fault zone. For the purpose of analysis, we split 
these angles into five separate groups (Fig. 1). One group of 
angles in New York and Connecticut is near the northeastern 
end of the broad zone of contemporary seismicity associated 
with the Ramapo fault system. These angles were measured. at 
various times between 1872 and 1973. Outside the seismicity 
zone, 100 repeated angles were measured between 1885 and 
1969; 31 angles in Eastern Long Island, 27 angles in Western 
Long Island, 26 angles near the eastern and western boundaries 
of New Jersey, and 15 angles in eastern Pennsylvania. 

The deviatoric part of the strain field can be described by two 
average strain rate parameters, ,, Y3, which define shear strain 
rates'on NW-SE and E-W striking planes, respectively. The 
change in an observed angle overa particular time period can 
be written as 


Aa = At: [(sin 26,—sin 20,)y¥,+ (cos 20,—cos 26;) 72] 


where Aq is the observed change in angle, Atis the time between 
the two observations, and 6, and @, are the azimuths of the two 
sides of the angle’*. 7, and ý, were estimated from the observed 
angle changes by a least-squares process”. An equivalent way 
of presenting the strain field is in terms of the azimuth of the 
plane across which shear is maximum 


B i tan` (¥,/ 72) + 90°, 
5 tan™ (4/72) 

and the shear strain rate across that plane 

ie 


if yı <0 and y.>0 
otherwise 


y= (yity 


As shown in Table 1 and Fig. 1, the groups of angles in Pennsyl- 
vania, New Jersey, and Eastern Long Island showed no statisti- 
cally significant strain rate at the 95% (20) confidence level. 
However, the Western Long Island and New York-Connecticut 
groups of angles both show statistically significant strain, with 
maximum strain occurring on NNW-SSE and N-S striking 
planes, respectively. 

In the Western Long Island and New York-Connecticut data 
sets, the strain rates are surprisingly quite large, roughly 
equivalent to strain rates observed near the San Andreas fault”. 
The critical question is: how realistic are the estimates of stan- 
dard deviations quoted in Table 1 and Fig. 1 because if the 
quoted standard deviations are correct, then it is unlikely that 
the observed strains result from errors. The original observations 
of most of the angles used in this study were third order surveys. 
These angles have errors that are normally distributed with a 
standard deviation of 1.2s (ref. 14). The later surveys were 
mostly first or second order with standard deviations of 0.6-0.8 s 
(ref. 14). The strain rate parameters were calculated from a 
weighted least squares adjustment. The weights used for the 
observations were obtained from the NGS data file and varied 
from 2.78 s™° to 0.6 s? corresponding to standard errors in the 
observations of 0.6s to 1.3 s. The standard deviations given in 
Table 1 and Fig. 2 were obtained by propagating the error 
estimates of the observations through the matrix equation used 
to calculate ý, and y.. The error estimates are not dependent 
on the fit of the observations to the time-and-space-uniform 
model. The a posteriori standard deviation of an observation of 
a priori unit weight does depend on the fit of the observations 
to the model. This quantity is 


2 
0, diab C, 1/2 
s(2=) 
Oo, 


Ng of 


n= 


where o, is the observed ith angle, c, is the calculated ith angle, 
a, is the a priori standard error of the ith angle, and "a oç 1s the 
number of degrees of freedom. 
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Fig. 1 Area of study in the New York- 
Connecticut-New Jersey~Pennsylvania area. 
The box indicates the zone of contemporary 
seismicity associated with the Ramapo fault 
zone. The angles analysed in this study were 
divided into the five groups shown which are 
described in the text and summarized in Table 
1. The symbols and rates indicate the orienta- 
» tion (degrees clockwise from north) the magni- 
tude {x strain/year) of maximum right-lateral 
shear strain rate. 


40 


50 100km 
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If the observed model is a correct description of the deforma- 
tion and if the a priori standard deviations accurately describe 
the scatter in the observations then oy will have a value of 1. 
For the five data sets in Table 1, o> is 1.4, 0.7, 1.3, 1.3 and 1.2. 
We conclude that the a priori error distribution of the observa- 
tions is reasonable and consequently that the standard deviations 
for the strain components are reasonable. 

To test further that the computed strain rates in the New 
York-Connecticut and Western Long Island areas were not due 
to undetected measurement errors or blunders in the data, each 
group of angles was split into two independent subsets. In both 
New York-Connecticut and Western Long Island, the subsets 
yielded strain rates quite similar to that of the group as a whole 
(Table 2). Consequently, although the results indicate surprising 
large strain rates, we can find no basis for rejecting them; they 
appear to be real. 

The cause of the anomalous strain rates observed in the New 
York-Connecticut and Western Long Island areas is not clear. 
Although there is widespread low-magnitude seismicity in this 
area (Fig. 2), no earthquakes of sufficient magnitude have occur- 
red during historic time which could account_for the observed 
strain as coseismic deformation’. Thus, the most likely explana- 
tion of the observed strain rates is in terms of localized ductile 


39° 


72° 


deformation in the lower crust. 

The most common model used to interpret observed strain 
near the San Andreas Fault’® is one in which a vertical strike-slip 
fault is locked to some depth, D, and slipping at a constant rate, 
b, at depth greater than D. Then the shear strain rate of the 
surface at a distance x from the. fault trace is given by 


_ amb 1 
~ D [1+(x/D)P 


If such a model describes the deformation reported here, deep- 
crustal aseismic slip would be occurring in the lower crust at 
rates of several centimetres per year. Such rates could probably 
not be sustained in the lower crust for more than several hundred 
years without a major earthquake occurring. 

While ductile straining in the lower crust could be quite 
complex these data indicate evidence of high rates of strain at 
depth regardless of any specific model. If a simple strike-slip 
model is correct, the planes of maximum shear strain strike 
north to north-northeast whereas the mapped faults and other 
surficial geological structures in the area generally strike more 
easterly’. This would imply either that the surficial features are 
not directly related to the zone of ductile strain localization at 
depth or that the actual deformation at depth is much more 


y(x 
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Table 1 Strain rate parameters on five groups separated according to the number of angles used in the analysis 


No. of Dates of Yi Vo y Azimuth 
Arca angles observations (urad yr!) (prad yr7') (prad yr~') Y 
New York-Connecticut 30 1862-1973 —0.02 + / — 0.04 —0.18 + / — 0.05 0.18+/ —0.05 N3° E+/—-7 
Western Long Island 27 1932-1967 0.43+/~0.15 —0.37+ /-0.15 0.57+/-014 N25°Wt+/-9 
Eastern Long Island 31 1939-1967 —0.19+/-011 0.09+ /—0 09 0.214/-0.11 N58° E+/—-13 
Northern New Jersey 26 1931-1962 —0.05+/-0.16 0.04+/—-0.14 0.07 + / —0.13 N68° E+ / ~74 
Eastern Pennsylvania 15 1885-1969 —0.06+ / — 0.20 0.10+/— 0.18 0.12+ / —0.13 N74 E+ / —56 





¥,, right-lateral shear strain rate on a NW-SE striking plane! 


, uncertainty is 1s d. yz, Right-lateral shear strain rate on an E-W striking plane 


~l 


y, Maximum shear strain rate. Azimuth, orientation of plane of maximum shear measured clockwise from the north. 
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Fig. 2 Generalized geological map?” showing location of micro- 
earthquakes recorded by the Lamont-Doherty Geological 
Observatory from 1974 to 1981 (ref. 34). The arrows indicate the 
direction of maximum horizontal compression determined from 
recent mn situ measurements in the Hudson Highlands”°. 


complicated than represented by such a simple model. In the 
latter case, the true nature of strain at depth may be obscured 
by our ability to estimate only the shear components of the 
strain field. ` 

Several lines of evidence may support the contention that 
lower crustal aseismic deformation could be occurring along 


N-S to NNW--SSE planes in this area. The NE-SW direction, 


of maximum horizontal compression that is implied by the shear 
deformation is quite reasonable for this area. It is consistent 
with the direction defined by numerous stress data in western 
New York!®!*, Recent stress measurements within the area 
covered by the New York-Connecticut data”° indicate NE-SW 
compression (Fig. 2), as does a reanalysis of focal mechanisms 
in New England”. Also, a N-S striking trend of seismicity runs 
through the area of the New York-Connecticut data'® and recent 
microearthquakes near the Hudson river ~30 km north of New 
York City suggest that earthquakes in the area align along N-S 
striking planes in response to NE-SW to ENE-SWS compress- 
ion”. The largest historic earthquake ın this area was a widely- 
felt event with an estimated Modified Mercalli intensity of VII 
in 1884. l 

The most surprising aspect of these results is the extremely 
high strain rate observed. If aseismic displacements were occur- 
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Table 2 Strain rates of subsets of groups identified ın Table 1 


Ne of Dates of 
Subset angles observations ¥ Y 
New York-Connecticut 12 1862-1973 0.19+/-005 N2°E+/-8 
New York-Connecticut 18 1932-1966 017+/-0.09 N7°E+/—-15 
West Long Island 8 1864-1948 662+/-—023 N22°W+/-11 
West Long Island 19 1932-1967 060+/-019 NI8°W+/-11 





ring in the lower crust they would have to be of the order of 
several centimetres per year to explain the data. These rates 
seem quite fast for an intraplate area. As derived from studies 
of global plate motion”’, the North American Plate is estimated 
to be moving only ~2.7 cm yr‘ in the vicinity of the Ramapo 
fault zone. It is not clear how so much internal deformation 
could occur within the plate for extended geological time 
periods. Thus, one possibility is that, ın a geological sense, we 
are observing a relatively short-term strain episode. 

One of the most striking aspects of intraplate seismic zones 
is their apparent association with zones of ancient tecton- 
ism?':?4-27 This association has led to the widely-held presump- 
tion that large intraplate earthquakes tend to occur in zones of 
crustal weakness (that is, zones of anomalously low-strength in 
the seismogenic, upper 20 km, of the brittle crust). There are 
several problems with this hypothesis, however. First, no 
adequate physical explanation has been put forth to explain 
which specific fault zones in the brittle crust would be expected 
to have low strength. Laboratory studies show that, with the 
exception of several clay minerals not stable at great depth, the 
frictional strength of nearly all rocks and minerals are about 
the same”*. Available ın situ stress measurements supports the 
relevance of such data for active faults”. Second, in the areas 
near intraplate seismic zones there is no evidence of the 
anomalous stress field that would be expected if the seismicity 
were due to stress concentrations around ‘weak’ intrusive rocks 
of low elastic stiffness*®. In fact, the opposite seems true— 
intraplate earthquakes seem to’ occur in response to a broad, 
regionally uniform stress field’. Finally, it is not clear how 
‘weak’ zones in the upper crust would be capable of accumulat- 
ing sufficient elastic strain energy to produce major earthquakes, . 
or how, once released, strain energy would reaccumulate in such 
zones rapidly enough to explain observed recurrence times on 
the order of hundreds to thousands of years**"*. Because it is 


_not possible to answer such fundamental questions, the ‘zone 


of crustal weakness’ hypothesis has been essentially useless in 
distinguishing which ancient tectonic zones might be expected 
to produce large damaging earthquakes in the future. The most 
important characteristic of the model presented here is that sites 
of large intraplate earthquakes are controlled by zones of local- 
ized strain in the lower crust which concentrate stress elastically 
in the upper crust. Identification of these zones might indicate 
sites where large intraplate earthquakes could occur in the 
future. 
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The validity of applying laboratory pyrolysis experiments to simu- 
lating the maturation of organic matter in sedimentary basins has 
been vigorously debated’. We report here results from the gener- 
ation of hydrocarbons of low relative molecular mass (/M,) in both 
hydrous and dry pyrolysis. A principal difference is that under dry 
conditions in the presence of montmorillonite, catalysis occurs 
with respect to generation of low-M, hydrocarbons’? but no such 
effect is evident for hydrous conditions, probably because of a 
reduction in the clay’s acidity. In addition, olefins which were. 
previously reported as not being present in the products of hydrous 
pyrolyses**"! were found to be produced in the C,—C, range in 
comparable amounts under both hydrous and dry pyrolyses at 
300 °C and may form in the course of kerogen catagenesis in 
nature but disappear with geologic time due to their instability. 
These studies have relevance to understanding the interactions 
between kerogen and minerals in sedimentary rocks and to proces- 
ses in the formation of natural gas. 

Green River Formation kerogen was used for both the hydrous 
and dry pyrolyses’’. The procedure for isolation of the kerogen, 
mixing it with different minerals, the pyrolysis technique and 
analysis of the products after pyrolysis is described elsewhere’® 
After 5 ml of distilled water was added to a Pyrex tube containing 
0.5 g of the Green River kerogen or 10.5 g of kerogen-mineral 
mixture (0.5 g kerogen+ 10 g mineral), the water was frozen in 
dry ice/acetone mixture and the ‘tubes were sealed under 
vacuum. The tubes were then inserted into a 1-litre Parr bomb 
that was filled with distilled water in order to maintain equal 
fluid pressure on both sides of the glass walls. The tubes were 
heated at 200 °C, 300 °C and 400 °C for varying times under dry 
conditions and under hydrous conditions at 300°C for 2, 10, 
and 100 hours. Corrosion of the glass walls occurred especially 
in the tubes that contained clay minerals, resulting in loss of 
the gaseous fraction produced after 100 hours of heating and 
in all experiments attempted at 400 °C. Compounds in the C,-C, 
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Fig. 1 Comparison between isobutane/total C, ratios of hydro- 

carbons generated under dry and hydrous pyrolyses. Circles denote 

results for kerogen heated to 300°C alone, squares, kerogen with 

calcite, triangles kerogen + 1llite and diamonds kerogen with mont- 
morillonite. 


range were identified and quantified by gas chromatography 
and gas chromatography/mass spectrometry” 

The quantities of volatile hydrocarbons produced by hydrous 
pyrolysis of the Green River kerogen are reported in Table 1. 
The results of the dry condition are reported and discussed 
elsewhere!’ The major products of pyrolyses are polar bitumens 
and a lesser amount of pyrobitumen'”. Two major differences 
between the dry and hydrous experiments are apparent. First, 
lower quantities of C,-C, hydrocarbons are generated in the 
hydrous compared to the dry pyrolyses. Second, only under dry 
condition, significantly larger amounts of C,-C, hydrocarbons 
are produced in the presence of-montmorillonite than by kerogen 
alone. The lack of significant difference between the amounts 
of hydrocarbon gases and condensates produced in the presence 
and absence of montmorillonite, indicates the lack of catalysis 
by clays in the presence of excess water. 

Dominance of branched hydrocarbons in the C,-C, range 
has been shown to be an important indicator for catalytic crack- 
ing of hydrocarbons via carbonium-ion (carbocation) intermedi- 
ates'*4_ This dominance is depicted by the high’ ratio -of 
isobutane/ total C, hydrocarbons generated from the Green 
River kerogen under dry pyrolysis condition (Fig. 1), in the 
presence of montmorillonite. This higher ratio for kerogen 
heated with montmorillonite is not apparent for the products 
of hydrous pyrolysis (Fig. 1). The absence of catalytic effect of 
montmorillonite, both on the types and quantities of light hydro- 
carbons produced, is probably due to the decrease of the clay’s’ 


Table 1 Amounts (mg per g kerogen) of C,-C, hydrocarbons generated from pyrolysis of Green River kerogen under hydrous condition at 300 °C 





-Cat 
ron C3 $$ $$ 
Cc-7"'7“"----:-----: s Tot 
Unsatt Sat Unsat. Sat Normal īso unsat 
2 hours s g 
K* 0.31 0.043 0033 0.6013 0043 0.008 00909 6.10 
I 0 32 0038 0037 0006 0.044 0009 0.009 0045 
M 0.63 0.055 0050 0030 0.098 0.030 6.015 0.068 
C 03} 0.033 0037 0.011 6051 0.008 0.010 ‘0.058 
10 hours 
K. 16 016 0 28 0.18 0 38 0.13 017 0 63 
I 14 0.12 0 24 011 0 29 0072 0.094 029 
M 1.3 0093 0.16 0.084 02i 0058 0.064 024 
C 0.74 0052 0.11 0037 0.13 0.024 0.043 010 
100 hours f 
K 2.2 0.14 0 80 027 0.86 0.32 0 48 0 50 
C 35 0.18 1.0 031 097 034 0.51 0.57 


For further details see Table 2 in ref. 10. 


* K, kerogen, I, kerogen +illite, M, kerogen+ montmonillonite, C, kerogen + calcite 


Cell 
C;$ 
Tot. Total 
Tot - branc Tot. j cere ie 
Normal Iso: unsat Cyc Normal sat unsat . Cyc: C,-C, 
0.007. 0006 0024 m 029 0.029 0.007 0.031 0.96 
0005 0005 0.015 _ 0.22 0.028 0003. 0033 081 
0010 0.009 0.040 — 0 24 0027 06029 06.033 1.4 
0.010 0008 0.019 mnan 0.14 0026 0004 0027 0.75 
0.10 0094 034 0 004 073 6.15 0.24 0.080 53 
0062 0.058 021 0 001 0.40 0,11 014 0.065 37 
0.034 0036 0.13 =~- 0.15 0.052 0077 0028 2.7 
0016 0.023 0.049 ee 0.071 0028 0022 0015 1.4 


0042 OS: 0.51 049 £O12° 83 
0024: 030 048 039 O11 99 


027 032 0.52 
0 26 0.33 054 


+ Sat , unsat., branc., cyc.: saturated, unsaturated, branched and cyclic hydrocarbons, respectively, tot, total; tr; traces 


C4 180: 2-methylpropane, C, tot unsat’ 1- butene, 2-butene. 


§ Cs iso 2-methylbutane; Cs tot unsat: 3-methyl-1-butene, 1-pentene, 2-methyl-1-butene, 2-pentene, 2-methyl-2-butane, pentadiene, C; cyc cyclopentane. 
l| Ce tot branc sat: 2,2-dimethylbutane, 2 „3-dimethylbutane, 2-methylpentane, 3-methylpentane; C, tot unsat’ 4-methyl-1-pentene, unsaturated Ce, 2-methy]-1-pentene, 


2 or 3 hexene, Ce tot cyc methylcyclopentane, cyclohexane 


- 
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Fig. 2 Comparison between ratios of olefins/total hydrocarbons 
generated under dry and hydrous pyrolyses. Symbols as for Fig. 1. 


acidity resulting from excess water. At low acidity values only 
few protons are available to initiate hydrocarbon cracking via 
carbonium-ion mechanism. The result is thermal hydrocarbon 
cracking via a free-radical mechanism in which isomerization 
is not preferred. Applying these results to natural environments, 
where clay-rich source rocks (especially rocks containing sig- 
nificant quantities of smectite) in the zone of oil and gas gener- 
ation contain low amounts of water, the acidity of the clays 
could permit catalytic processes to occur. There are indications 
from sedimentary basins that catalytic processes involving gener- 
ation of light hydrocarbons do occur!*’®. 


Figure 2 shows the ratio of olefins/total hydrocarbons for C, ` 


and total C.-C, hydrocarbons. The olefins constitute an impor- 
tant component of low molecular weight hydrocarbons pro- 
duced during pyrolysis under dry conditions, especially for the 
experiments where kerogen was pyrolysed alone or with calcite 
and illite, where 30-45% of the products in the C.-C, range 
are olefins (Fig. 2). Significantly lower ratios of olefins/total 
hydrocarbons are apparent for the corresponding products in 


the presence of montmorillonite (approximately 4% olefins, Fig. . 


2). It is also apparent from Fig. 2 that the relative quantities of 
olefins produced in the hydrous pyrolyses are similar to those 
formed in the dry experiments (except for pyrolysis in the 
presence of montmorillonite under dry condition). 

One of the main compositional differences between laboratory 
pyrolyses products and hydrocarbons generated in nature is the 
formation of significant amounts of olefins in the former, 
whereas they are rare in the latter. Some studies have shown 
that no olefins were formed under water saturated conditions 
(hydrous pyrolysis), and the authors suggest that such conditions 
better simulate the processes in nature*®!!, However, the olefins 
searched for in these studies are in the carbon number range of 
C,2 and higher. In our experiment, at mild heating temperatures 
(200-300 °C) under dry condition, C,,, olefins either did not 
form (in the presence of montmorillonite) or formed initially 
in very low amounts (1.5% of total saturated hydrocarbons 
generated from kerogen heated alone at 300°C for 2 hours), 
and almost disappeared completely with prolonged heating time 
(0.04%, 300 °C, 2 hours). Furthermore, no olefins were detected 
under dry condition in an experiment where the temperature 
was gradually increased by 1 °C per week over a 6-year periodë. 
These results indicate that hydrous pyrolysis with excess water 
does not necessarily have an advantage over dry condition in 
this respect. Moreover, the low olefin quantities generated in 


LETTERS TONATURE ——— l 


the presence of montmorillonite under dry conditions (Fig. 2) 
could indicate that smectite clays have a-strong control in 
suppressing unsaturation in natural conditions. 

Although rarely found in petroleum source rocks or in crude 
oils, olefins exist in small amounts in surface sediments where 
their source is probably biogenic'”'®. However, several reports 
have shown their presence in mature sediment or oils, where 
they formed by thermal cracking of organic molecules'?**. They 
probably form continuously in small amounts, but due to their 
reactivity, they will disappear with geological time by acquiring 
hydrogen from other organic molecules, minerals or hydrogen 
gas. This suggests that olefins are initially produced in small 
quantities, under either hydrous or dry conditions and represent 
a transitory unstable intermediate in the process of generation 
of liquid or gaseous hydrocarbons during the thermal maturation 
of kerogen. 
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Received 20 May, accepted 4 September 1985 


_— 


. Ishiwatart, R, Ishiwatan, M., Rohrback, B G & Kaplan, I. R Geochim. cosmochun. Acta 
41, 815-828 (1977). 
Harwood, R J Bull, Am. Ass Petrol. Geol. 61, 2082-2102 (1977) 
Snowdon, L R Bull Am Ass Petrol Geol. 63, 1128-1138 (1979) 
Lewan, M D, Winters, J. C. & McDonald, J H Science 203, 897-899 (1979), 
Peters, K. E , Rohrback, B G. & Kaplan, I R. Bull Am Ass Petrol Geol 68, 688~705 (1981) 
Winters, J. C., Wilhams, J A. & Lewan, M. D. ın Advances in Organic Geochemistry 1981 
(eds Bjoray, M, et al) (Wiley, Chichester, 1983). 
7 Rohrback, B G, Peters, K E.& Kaplan, I R Bull Am. Ass Petrol Geol, 68,961-~-970 (1984) 
8 Saxby,J D & Riley, K W Nature 308, 177-179 (1984). 
9 Horsfield, B, in Advances in Petroleum Geochemistry Vol 1 (eds Brooks, J & Welte, D H) 
(Pergamon, London, 1984). 
10. Tannenbaum, E & Kaplan, I. R Geochim cosmochim. Acta (in the press) 
11. Hoenng, T C. Org Geochem, 5, 267-278 (1984) 
12. Tannenbaum, E , Huizinga, B.J & Kaplan, I R Buil Am. Ass Petrol Geol. (in the press). 
13. Henderson, W , Eglinton, G , Simmonds, P & Lovelock, J R. Nature 219, 1012-1016 (1968) 
14 Eisma, E & Jurg, J W in Organic Geochemistry (eds Eglinton, G. & Murphy, M T H.) 
(Springer, Berlin, 1969) 
15 Hunt, J M, Huc, A. Y. & Whelan, J K Nature 288, 688-690 (1980) 
16. Hunt, J M. Science 226, 1265-1270 (1984). 
17 Hunt, J M Petroleum Geochemistry and Geology (Freeman, San Francisco, 1979). 
18 Cnsp, P T, Brenner, S, Venkatesan, M I, Ruth, E. & Kaplan, I. R. Geochim. cosmochim, 
Acta. 43, 1791-1801 (1979) 
19 Tissot, B, Califet--Debyser, Y, Deroo, G & Oudm, } L Bulf Am Ass Petrol Geol 85, 
2177-2193 (1971) 
20 Hoering, T.C Chem. Geol, 20, 1-8 (1977) ; 
21 Simonet, B R T. & Lonsdale, P F, Nature 295, 198-202 (1982) 
22 Schaefer, R. G , Leythacuser, D & von der Dick, H in Advances m Organic Geochemistry 
1981 (eds Bjoroy, M et al) (Wiley, Chichester, 1982) 


Aw pwh 





Stable isotope evidence for 
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Communities of abundant organisms, similar to those which sur- 
round the hydrothermal vents of the East Pacific Rise (EPR), 
occur in 3,266m of water in the Gulf of Mexico. They were 
discovered with the Alvin at 26° 02’ N, 84° 55’ W in an area where 
pore waters seep from the Cretaceous limestones of the adjacent 
platform at the contact between the Florida Escarpment and the 
Holocene hemipelagic sediments of the Abyssal Gulf. Because of 
the unusual abundance of organisms in this deep-sea environment, 
and the taxonomic similarities to the chemosynthetically based 
communities which surround the hydrothermal vents on the EPR, , 
the seep communities are suspected to exist on a local non- 
photosynthetic food source’. We have now measured isotope ratios 


peg 
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in tissues of organisms which surround these saline seeps to deter- 
mine the origin of the local food chain. The tissues have extremely 
negative 5'°C (—42 to —77% PDB) and 8N (—2.72 to —9.34% 
air) values. Such highly fractionated carbon and nitrogen isotopes 
are unknown in food chains based on photosynthesis, suggesting 
that these communities are chemosynthetic. The cause of this 
extreme fractionation is attributed either to assimilation from 
local supplies of isotopically depleted methane and ammonium or 
to biochemical fractionation. The tissues of these animals contain 
significant amounts of ““C (~60% modern), so the source of this 
fractionated carbon is not predominantly fossil methane. 

' The seep communities occur on patches of irregularly dis- 
tributed black sediments, 5-10 m in diameter, which are found 


directly at the base of the Florida Escarpment. These black 


sediments contain up to 38% iron sulphide minerals’, and up 
to 8% organic carbon. These organic carbon concentrations are 
unusually high for young abyssal sediments and are clearly 
higher than the concentrations in the surrounding tan-coloured 
hemipelagic sediments. The pore fluids in the upper few cen- 
timetres of the black sediments contain chloride ions at up to 
25.61 g per kg, which is a 32% enrichment with respect to 


. ambient sea water. Such steep concentration gradients can only 


persist where advection of pore fluids is occurring. The seeping 


‘hypersaline fluids arrive at the sea floor at near ambient tem- 
peratures, and carry reduced inorganic compounds (such as HS 


and NH4)" which are potential energy suppliers for chemosyn- 


l thesis?. 


The 8?C and 8*°N values of mytilid mussel, vestimentiferan, 
and trochid gastropod tissues from the seep sites are much lower 


_ than occur in photosynthetic food chains or within the dissolved 


chemical species in sea water (Table 1). Seep- mussel tissues 
contain the lightest 8°C (—74.3% PDB) yet reported from a 
contemporary organism*~>, and 81 N is as low as —9.34% (atm). 
The 5'°C values of extractable organic carbon in the black 
sediments average —80.4+ 4% PDB. 

Characteristic ranges of &'°C and 5'°N values are known for 
most of the carbon and nitrogen sources available to the seep 
organisms (Fig. 1). Normally the 6°C in animal tissue is 
approximately equal to that of its food*-’. Neither nitrogen 
fixation nor nitrogen assimilation from nitrate and ammonium 
are known to be associated with significant isotope fraction- 
ation®!°, Consequently, the 5'°N ratios of primary producers 
reflect the nitrogen source. Heterotrophic processes in the food 
chain tend to increase the YN values in animal tissues in 
successive trophic levels’. Thus, the 6'°N values in animals are 
usually heavier than the assimilated nitrogen. 





Table 1 ‘°C and '°N values for samples from seep environment 





88C 55N 

Organic material 

Mytilid tissue —74,3+2.0 (10) —9.34, —8.57 

Trochid gastropod tissue -59.9 +0.7 (2) -3.62 

Vestimentiferan tissue —42.7+0.7 (3) —2.80, —2.72 _ 

Extracted organic carbon from —80.4+0.4 (3) 

sediment 

Carbonate material 

Mytilid shell —4,8+0.9 (12) 

Trochid gastropod shell —3,.1+0.4 (2) 

Escarpment limestone 3.2+0.05 (2) 


Mean values (+s d.) for 8°C (PDB) (with the number of measure- 


ments in parentheses) and individual values for 6'°N (air) of carbon ~ 


and nitrogen-containing components of the seep environment are given. 
5 = 1,000 (Reampie~ Rstandara)/ Rsamptes Where R is the ratio of two 
isotopes. The CO, was evolved from carbonates by reaction with phos- 


phoric acid at 50°C and from the organic carbon by oxidation in a ` 


vacuum with cupric oxide at 850°C for 6h, before measurements were 
made with a Micromass 602 mass spectrometer at SIO. The corporation 
Global Geochemistry measured the 6'C on one mytilid tissue sample 
(—73.76% PDB), the 5'°C of the extractable organic carbon from the 
black sediment, and all the 6'°N values. The inter- and intra-sample 
8'°C variability are similar for the mytilid tissues. l 
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Fig. 1 Ranges of 68C (a) and 6'°N (b) in components of the 

‘seep environment and in possible sources of these components, 

with references to their sources. The asterisks indicate values 
reported in the present paper. 


The values of carbon and nitrogen isotopes measured on 
Organic material within the seep environment are outside the 
range found in tissues derived from photosynthetic food chains. 
This suggests that the organic matter which forms the base of 
the seep food chain did not settle from surface waters, but is 
generated through local primary production. 

The mussels and vestimentiferans are thought to exist with 
endosymbiotic bacteria which are primary producers!*”. 
Although both groups of macrofauna contain extremely light 
carbon, they differ in their 5°°C and 6’°N values (Table 1 and 


_ Fig. 1). This suggests that either the sources of the assimilated 


elements or the biochemical pathways and resulting fraction- 
ation patterns differ between these organisms. 

The seep vestimentiférans have 5'°C values similar to those 
of animals in the chemosynthetic communities which surround 
the East Pacific Rise hydrothermal vents (Fig. 1). In the hydro- 
thermal vent communities of the East Pacific Rise, the oxidation 
of sulphides is the dominant energy source and the tissue carbon 
appears to be derived primarily from oe inorganic carbon 
(DIOC) in sea water. 

The unusually depleted &'°C values of the mytilid tissues and 
the disseminated organic carbon in the seep sediments suggest 
primary production by methylotrophic bacteria, which assimi- 
late highly fractionated carbon in the form of methane. The 
concentration of methane at the seeps was not measured. Ther- 
mogenic methane 6'°C values are more positive than —55% 
PBD**. and would require additional fractionation. However, 
biogenic methane concentrations contain isotopically light 82C 
(—60 to ~90% PDB) and are known to rise in anoxic systems 
after all existing sulphate has been reduced to sulphide 15. The 
presence of hydrogen sulphide and ammonium in the seeping 


fluids attests to the reducing conditions within the platform’, 


and is consistent with the existence of biogenic methane. 
4C/C ratios were measured in the shell and tissue of seep 
mussels and in the tissue of the seep vestiminiferans with the 
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Table 2 Carbon-14 concentrations measured in the shell and tissue of 
seep mussels and in the tissue of seep vestimentifera 


Mytilid mussel Shell Tissues 
Sampie no. 
2 84 8+2.3% 43.341.5% 
3 76.2 +1.7% 75.3+1.7% 
4 84.2 + 1.3% 69.6 + 0.9% 
Vestimentiferan 
A §8.141.3% 
B 57.640 8% 


The University of Arizona’s tandem accelerator mass spectrometer’®!” 


was used. Values are 8'°C corrected using the mean values for the same 
samples as given in Table 1, Values are % modern carbon. 
University of Arizona’s tandem accelerator mass spec- 
trometer'“! (Table 2). The seep mussel shells contain on average 
81.7% modern carbon, which is close to the expected '“C content 
of dissolved CO, in the deep-water reservoir’. Although the 
14C content of mytilid tissues is quite variable, the mytilid and 
vestimentiferan tissues average, respectively, 19.0% and 23.8% 
less modern carbon than the mytilid shells. 

Methane originating in the interior of the adjacent platform 
should not contain detectable '*C because of its long separation 
from sources of atmospheric carbon. If methane from the adja- 
cent platform is assimilated by these organisms, their tissues 
should be diluted by '“C-free carbon relative to their shells 
which should have the “C content of DIOC. The 8°C values 
in the carbonate of the mussels and the gastropod shells (Table 
1) are not significantly different from those typical of abyssal 
DIOC which is the usual source of molluscan carbonate’®”’. 
Moreover, the carbonates in the adjacent limestone escarpment 
have 5'°C values typical of Cretaceous limestones. Apparently, 
the isotope values of the DIOC present at the seeps are not 
unusual. ' 

The ?*C concentrations (~60% modern) in tissues of the seep 
organisms restrict fossil methane sources to being less than a 
quarter of their nutritional carbon. Assimilation of this limited 
amount of isotopically depleted fossil methane does not explain 
the observed 8'°C values. 

The following model is proposed to explain both the 14C and 
the °C values. First, ambient DIOC is fixed as the tissue carbon 
of chemosynthetic bacteria which utilize either the sulphide or 
ammonium in the seeping pore fluids as an energy source. Some 
of this organic carbon is incorporated in the sediments which 
are bathed in the advecting pore fluids. In the reducing environ- 
ment of the shallow subsurface, methanogenic bacteria may 
actively reduce organic matter to biogenic methane. The result- 
ing methane would contain '*C concentrations approximately 
equal to those of sea water DIOC, 8'°C values of —60 to —-90% 
PDB, and would be available for methylotrophic assimilation”. 
This scenario requires efficient recycling of organic carbon 
within the seep environment, active methanogenesis in the 
organically rich reduced black sediments, and a succession in 
the types of reduced compounds being used as energy sources 
by chemosynthetic bacteria at the seeps. 

Carbon and nitrogen isotopes in organic material from the 
Fiorida Escarpment seep communities indicate that chemosyn- 
thesis is occurring. Although the 81°C values suggest that the 
carbon source might be methane, mussel tissues contain only 
19% less '*C than their shells, suggesting that the largest carbon 
source is not '“C-free methane coming from the adjacent con- 
tinental margin platform, but ultimately DIOC from sea water. 
Methanogenesis in the seep sediments could provide fraction- 
ated carbon for methylotrophic organisms, but would require a 
complicated pattern of succession within these communities. 
The potential of biochemical fractionation of carbon during 
chemosynthetic primary production processes has not been 
adequately investigated, but is also a potential cause of the 
extreme isotope depletion. 
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Mangrove forests in northern Australia typically occur as fringes 
along tidal estuaries and relatively sheltered coasts. Radiocarbon 
dating evidence from the South Alligator River, presented here, 
suggests that extensive mangrove swamps developed between 6,500 
and 7,000 yr ago and flourished for about 1,000 yr. Pollen analysis 
of a stratigraphic core at a mid-plains site links the growth of 
these forests with the interaction of sea-level change and 
sedimentation. This was succeeded by the development of flood- 
plains with tidal river channels, a dramatic ecological change that 
has implications for all coastal and nearshore systems. 
Northern Australia is drained by several large rivers which 
flood annually in the wet season and which are tidal for a 
substantial length under the influence of high (macrotidal) tidal 
ranges. Mangrove communities in these tidal rivers are typically 
narrow fringes, often discontinuous, confined to channel banks 
and the edges of tidal creeks. Closed mangrove forests are 
virtually restricted to sites of active sedimentation such as pro- 
grading sections of coast, shoaling mid-channel islands, and 
channel point bars. Bare high-tidal and supratidal flats, or grass 
and sedge-covered plains, now extend across the estuarine or 
deltaic surfaces of Holocene age in these areas. From Broome 
in the west to Arnhem Land in the east, the tidal rivers drain a 
weathered lateritic hinterland or disected Precambrian plateau. 
Maximum spring tidal range varies from 12 m at Derby to 6m 
at the north Arnhem Land coast. Tidal influence extends more 
than 100 km upstream along some rivers. Monsoonal rainfall in 
the December-March wet season ranges up to ~1,200 mm in 
the Darwin-Arnhem Land region, and is 600-1,000 mm in north- 
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western Australia (Fig. 1). High runoff efficiency late in the wet 
season leads to extensive freshwater flooding of estuarine and 
deltaic plains adjacent to the tidal rivers. In the wetter part of 
the region (Fig. 1), these plains (known in Australia as blacksoil 
plains) are largely covered by sedges and grasses’. There are 
vast areas of bare high-tidal and supratidal mudflats in the 
lower-rainfall areas’. 

In recent years, several projects have investigated the mor- 
phostratigraphy of estuarine and coastal plains of northern 
Australia. Shallow coring and riverbank exposures reveal an 
organic-rich facies at shallow depth in King Sound*”, the Fitzroy 
River’, the Ord River’, and in the Daly and Alligator rivers® 
(for localities see Fig. 1). A similar facies underlies the prograded 
coastal plain of Princess Charlotte Bay, eastern Cape York 
Peninsula’, but seems to be absent beneath the much larger 
prograded coastal plains of the southern Gulf of Carpentaria’®. 
This organic facies has been shown by pollen analysis to rep- 
resent former mangrove forests at Princess Charlotte Bay’. 
Similar pollen analysis during our present study demonstrates 
the mangrove origin of this facies in the South Alligator River. 
River bank exposures and drill recovery of the facies include 
mangrove roots, and sub-fossil mangrove molluscs, lobsters and 
crabs. These are observed at many other sites as well as at ours, 
confirming the mangrove-forest origin of the facies*”. 

Radiocarbon dating of this mangrove facies has been done 
at several sites in northern Australia. Where it occurs at a shallow 
depth (2-7 m) beneath the floodplains and tidal flats, the facies 
is generally shown to have formed between 5,500 and 7,500 
radiocarbon yr BP, for example, in the Fitzroy (5,800- 
7,500 yr BP)° and the Ord (6,700 yr BP)”. Our own dating of this 
facies in the South Alligator has been much more extensive than 
these earlier studies. Figure 2 indicates the location and ages of 
33 dated mangrove wood samples from beneath the South 
Alligator plains. Table 1 lists relevant sample data. The 33 results 
are scattered throughout the plains and show no geographical 
trends of age values. Ages range from 5,370 to 6,860 yr BP. Many 
of the results in Fig.3 represent paired samples, where one 
member of the pair is from near the top of the mangrove facies 
(usually within 3 m of the ground surface), and the other is from 
near its base (usually 5-7 m below ground surface). In some 
cases, there is no statistical age difference between the upper 
and lower samples; in others the lower sample is older by 
500-1,000 yr. The results show that extensive mangrove forest 
-was established throughout the South Alligator plains region 
around 6,500-7,000 yr ago, and persisted until ~5,500 yr ago. 
It seems likely that mangrove flourished throughout most of the 
area during this time. 

We link the development of this big mangrove swamp to 
effects of relative sea-level change. In Australia, rising sea level 
reached its present position 6,500 + 250 radiocarbon yr ago”, In 
the north-east, sea level reached its maximum, about 1 m higher 
than present relative to the mainland coast, around 6,000 yr ago; 
since then it has fallen very slowly and generally uniformly’. 


Radiocarbon in Table 1 and Fig. 2 show that the large mangrove - 


swamp in the South Alligator flourished at the time when the 
sea level was stabilizing. Before 7,000 yr BP, the broad valley of 
the South Alligator River was infilling with sediment while the 
sea level rose. Stratigraphical drilling shows that most of this 
sediment accumulated in a shallow estuarine environment. As 
sea level reached its present position, sites for mangrove coloniz- 
ation developed throughout the shoaling estuary. Continued 
sedimentation, after the sea level stabilized, progressively elimi- 
nated intertidal environments, effectively choking out most of 
the mangrove swamp by ~5,500 yr BP. Vertical accretion led to 
the formation of bare high-tidal flats in the western (lower 
rainfall) area”, and vegetated plains in the most northern region. 

This relationship between changing sea level, sedimentation 


and mangrove growth and decline is demonstrated by pollen | 


analysis of a stratigraphical core at a mid-plains site (core SA40, 
location shown in Fig. 2). Essential features of the core are 
shown in Fig. 3. The core exhibits the following sequence of 
zones: zone 1 (>8 m depth), estuarine muds and finely sandy 
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Fig. I Localities mentioned in the text, including mid-Holocne 
extensive mangroves. Isohyets show wet season (December- 
March) rainfall (atlas of Australian Resources 1973). 


Van Ovemen Gulf 


Y 


Field Island 


| 6.400067 
Pips ean, 
Gy Ai Nourlangle aY 
J 2 8, 
“YY, yy p 


e Sample from core/probe 
As: ump from bank exposure 


Uplands 


` 


Fig.2 South Alligator River and floodpain (Northern Territory) 

showing locations and ages-of 33 drill holes through buried man- 

grove facies. Paired age results are from near the top and bottom 
of the regressive mangrove horizon. 
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Fig.3 Pollen diagram of South Alligator floodplain drillcore 40 
(for location, see Fig.2). The pollen zones are discussed in the 
text. Basic patterns of sea-level rise and post-6,000 yr BP stability 
are shown on the right. P, Plains vegetation (cyperaceae+ 
Poaceae); A, Avicennia; R, Rhizophoraceae; S, Sonneratia; O, 

other (dominantly Myrtaceae + herbs). l 





Table 1 South Alligator radiocarbon sample information 


ANU | Gnd ref Material Age and 
lab. | (1: 100,000 Depth used for error 

Field code no ` sheet) “> (m) dating (Myr) 
SAH 28/1* 3929 KG 286523 245 MW ~ 6,320+170 
SAH 28/2 3930 KG 286523 3.95 MW ~: 6,240+130 
SAH 56/6 4010 KG 158338 8.10 FMF  6,780+90 
SAH 57/1 3923 KG 149337 2.50 MW — 5870+220 
SAH 32/901 4115 KG 215350 3.95 FMF 5850+280 
SAH 32/902 4008 KG 215350 915 FMF ' 6,860+150 
SAH 58/2 3924 KG 140337 3.70 MW  6,470+110 
SAH 7/310 3782. KG 140305 180 FMF 6,4004820 ' 
SAH 7/323 3780 KG 140305 3.40 FMF 5890+230 
SAH 46/4 3866 KG 136213 375 © FMF 5800+120 
SAH 52/2 4003 KG 220203 . , 2.40 FMF. 6,470+130 
SAH 52/3 4009 KG 220203 3.65 |. MW  6,480+110 
SAH 60A/1 4006 KG 178142 MLW MW 5690+90 
SAH 60/2 4004: KG 173142 460 FMF 6,660 100 
SAH 60/4 4005 KG 173142 7.30 FMF 5850+110 
SAH 62/2 3989. KG 155139 4,60 FMF = 5,459+ 230 
SAH 13/516 4116 KG 199089 470 VFMF  5,910+190_ 
SAH 13/528 3924 -KG 199089 720 MW  6,170+200 
SAH 40/1 3863 KG 213086 5.60 FMF > 6,720+120 
SAH 1/30 . 3778 KG 214047 470 FMF  6,390+130 
SAH/32 > 3783 KG 214047 480 + FMF  6,530+690 . 
SA 80/2 3937 KG 282003 MLW FMW 6,020+90 
SA 80/1 3936 KG 292003 *“. MLW MW  6,120+90 
SA 80/14 4259 KG 290009 MLW MW 5370+80 
SAH 75/4 4128 KG 292987 ° 4.60 FMF  6,080+170 
SAH 65/4 4052 KG 313987 2.45 FMF — 6,050+ 130 
SAH 66/4 4051 KG 306986 . 550 FMF = 6,310+110 
SAH 66/6 - 4055 KG 306986 7.90 FMF — 6,7904140 
SAH 73/3 4130 KG 270979 150 . FMF . 5,920+100 
SAH 73/5 4129 KG 270979 ° 3.00 FMF = 6,620+ 150 
SAH 69/1 4122 ` KG 274970 210 MW = 6,400 + 240 
SAH 67/6 4050 KG 288917 '. 430 FMF = 5,990+110 
SAH 67/10 . 4049 KG 288917 6.70 FMF  6,860+110 


SAH, South Alligator Hole, MLW, mean low water, MW, mangrove wood, 
FMF, fine mangrove fragments, VFMF, very fine mangrove fragments, FMW, 
fossilized mangrove wood 1 
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muds, partly laminated; zone 2 (3.0-8.0 m), mangrove facies 
dominated by species of Rhizophoraceae; zone 3 (2.4-3.0 m), 
mangrove facies dominated by Rhizophoraceae with an admix- 
ture of Sonneratia; zone 4 (1.8-2.4 m) returns to mangrove facies 
dominated by Rhizophoraceae with other accessory mangroves; 
zone 5 (1.0-1.8 m) is a more sparse mangrove faciés dominated 
by Avicennia; this passes into zone 6 (<1.0 m) where grasses 
and sedges dominate. We refer to zones 1 and 2 as the transgress- 
ive sequence, believing that it accumulated during the last stages 
of ‘sea-level rise, and to zones 3-6 as the regressive sequence 
which accumulated after the sea level stabilized. ` . 
Mangrove deposition in zone 2 of Core SA40 is believed to 
have commenced when the sea level was rising, as its base is 
5 m below AHD (Australian Height Datum, which approximates 
to mean sea level) (Fig. 3), or about 5 m below the general lower 
limit of vigorous mangrove growth (based’on our levelled sur- 
veys of mangrove forests near the present South Alligator River 
mouth). A point 3 m below AHD in zone 2 is dated as 6,720 + 
120 yr BP, which is consistent with this interpretation (Fig. 3). 
The regressive sequence above 3.0m depth shows succession - 
from Sonneratia through Rhizophoraceae then Avicennia to 
sedge/grass ‘communities. This vertical: succession closely 
resembles the spatial zonation from lower intertidal mangrove 
through to plains vegetation, typical of present-day coastal and 
lower estuarine mangrove swamps. Hence, the sequence demon- 
strates establishment of mangrove swamp during the last stage 
of the sea-level rise, followed by choking-out of the swamp by 
continued sedimentation, leading to establishment of blacksoil 
plains. uae 
We conclude that the extensive mangrove swamps which 
developed from 6,500 to 7,000 radiocarbon yr ago and ‘flourished 
for ~1,000 yr, were succeeded by developing floodplains with 
tidal river channels and relatively little mangrove by ~5,500 yt 
BP. This dramatic ecological change was a response to sedimen- 
tary infill adjusting to the change from rising to stable sea level. 
A similar pattern has apparently occurred in other tidal rivers 
of northern Australia, with each river differing according to its 
own particular sediment output and the dimensions of its lower 
valley and estuarine system. In this light, no change of hydrology 
is invoked to explain the past existence, of extensive estuarine 
swamps. This is contrary to.Jennings” who interpreted the Fit- 
zroy mangrove swamp phase as the result of a wetter climate. 
The rise and decline of this short-lived phase of widespread 
mangrove swamps will have had ecological effects throughout 
coastal and nearshore systems. The South Alligator mangrove 
alone was.about 80,000 hectares in area, ~8-10% of the present 
total mangrove area of tropical Australia. It will be interesting 
to discover whether ‘any changes of mangrove-based food chains 
can be detected in related’ fossil or ‘even in archaeological 
deposits. ` i 
' We thank our assistants Ms J. Williams and Mr J. Grindrod 


‘ for pollen analysis’ results, and Mr E. Wallensky,; Mr J: Head 


and the ANU radiocarbon laboratory for carbon-14 results , 
and the Australian National Parks and Wildlife Service for 
funding. <=- ` , os j 
Note added in proof: We are advised by the ANU Radiocarbon 
Laboratory that some of these results may be altered slightly, 
within one standard error, by future reevaluation of counting 
backgrounds. l ` 
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Recently, speculation has grown that the European forest damage 
may be caused by the continual exposure of trees to rainwater 
containing trialkyl lead salts’ (R,PbX; R = ethyl, methyl). These 
are degradation products of tetraalky! lead (R,Pb) which are added 
to petroreum as anti-knock agents; they inhibit tubulin polymeriz- 
ation™ and are highly toxic to mammalian and plant cells“. Here 
we describe the analysis of rainwater samples collected at two sites 
in the Black Forest, FRG. Total lead content was measured by 
atomic absorption and found to be in the range previously deter- 
mined for rural areas’. The portion of R,PbX was assayed by the 
inhibition of pork brain tubulin polymerization. R,PbX was present 
in one-third of all rainwater samples. The highest concentration 
was 0.3 pM, that is 10° times higher than previously reported". 
For comparison, 1 pM R;PbX killed soybean cells or neuroblas- 
toma cells in culture’. 

Airborne organolead has been analysed by various methods”’ 
Average values reported from several laboratories suggest that 
alkyl lead concentrations of ~100.ng,m~? exist in urban air, and 
10-20 ngm 3 in residential or rural areas, mostly as R,Pb. In 
garages or in the environment of petrol stations, quantities may 
increase to 2 pg m7. None of the methods used allowed the 
detection of the less volatile degradation products of the anti- 
knock agents, such as trialky] lead or dialkyl lead salts (R,;PbX 
or R2PbX2, respectively). There are, however, indications that 
non-negligible amounts of these compounds exist in air’ either 
in gaseous phase, or associated with particulate matter’ 

In the absence of water, trialkyl lead compounds have four 
covalent ligands (reaction 1a); the presence of water leads to 
the formation of salts (reaction 1b) with the driving force of 
this process being solvation, particularly of the anion’. 


ed. cee 
R,PbX == R;Pb* + X7 (1) 
(a) (b) 


Because of this feature, one would expect to find R,PbX in rain 
and fog rather than in air. However, attempts to determine 


a 
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R;PbX in samples of rain or surface water had been unsuccess- 
ful’? until de Jonghe and co-workers described a specific extrac- 
tion procedure". By using this method, some rainwater samples 
collected in the city and in the rural environment of Antwerp . 
were analysed for. R,PbX (ref. 5). The concentrations found 
were as low as 38 and 28ngI™', respectively, accounting for’ 
<0.1% of total lead. Such low concentrations were regarded as 
non-hazardous for the environment. 

The present study shows that the situation at places located . 
in the middle of the European continent, for example on the 
western rim of the Black Forest, may differ from the coastal 
region. About 50 samples of rainwater were collected between 
September and December 1984 at the meteorological station on 
top of the Feldberg, near Freiburg (1,400 m above sea level 
(a.s.1.)), and in the environment of Loffenau, in the northern 
part of the hill country close to Baden-Baden (600m a.s.l1.). 
Reports have come from both locations of damage to fir (Abies 
alba L.) and spruce- (Picea abies L.) For the analyses care was ‘ 
taken that all local sources of organolead were excluded in that 
the sampling sites were located several kilometres away from 
roads or from parking areas. i 

Lead was present in ~80% of all samples, in concentrations 
between 0.01 and 1 uM (Fig. 1), which is in good agreement 
with the value (0.15 uM) reported previously’. For evaluation 
of R,PbX, we established a biological assay, using the recent 
finding” that trialkylated lead compounds can inhibit micro- 
tubule assembly. Because inorganic lead salts do not’ interfere 
(only at concentrations of >100 uM did lead acetate cause 
precipitation of the protein; C.S., unpublished data), separation 
of inorganic lead was not necessary. Full inhibition was obtained- 
at 7.5M triethyl lead chloride (Et;PbCl), as monitored by 
spectrophotometry at 350 nm. The inhibitory capacities of the 
rainwater samples were expressed as pmol Et;PbCI, which was 
used for calibration. Typical curves are shown in Fig. 2. 

About one-third of the rainwater samples contained .R,;PbX 
in concentrations -between 0.01 and 0.3 pM (solid bars in Fig. 
1). These concentrations are up to 2,000 times higher than that 
(0.00014 uM) previously. reported. Considering that in some 
samples R,;PbX accounted for >50% of total lead, it seems 
reasonable to assume that the inorganic lead (PbX,) found in’ 
the rainwater had also been transported there as organolead. 
We assume that uncombusted anti-knock agent (R,Pb) escaping 
continuously, for example, from idling engines or petrol stations, 
is distributed in the atmosphere. While being transported over 
long distances, it maybe degraded to R,PbX. Because of its 
solubility in water, RPbX probably enters into water droplets 
of fog or clouds and finally accumulates in precipitation. Further 





Fig. 1 Concentrations of total lead (open bars) and trialkyl lead (solid bars) in rainwater samples from: a, the meteorological station on top 
of the Feldberg (Black Forest, FRG), b, the Forest of Loffenau (20 km west of Baden-Baden, Black Forest, FRG) Precipitation was collected 
in glass vials placed inside a closed black polyethylene box (0 7x0.7 0.7 m). The sampling method did not exclude the possibility that in 
periods between precipitations a dry deposition of lead had taken place. The samples were filtered, if necessary,,to remove dust particles. 
Filtration did not significantly alter the total lead content. Values below the bars represent: the date, day, volume (ın mm m`? day’) and type 
(R, rain; S, showers) of precipitation. Lead was measured by atomic absorption using a Perkin Elmer 4000 equipped with a HGA-400 graphite 
cuvette. 20-ul samples of rain, 0.2% in HNO,, were dried at 100°C for 30s, carbonized at 500°C for 20s and atomized at- 2,300 °C for 10s. 
Pb(NO3).-standard (Merck, Darmstadt) was used for calibration. Concentration of trialkyl lead was determined by inhibition of microtubule 


assembly as described in Fig. 2 legend. 
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Fig. 2 Biological assay for determining trialkyl lead concentra- 
tions in evaporated rainwater samples. Pork brain tubulin, prepared 
as in ref. 2 but not separated from microtubule-associated proteins 
(1-ml samples, 15 pM, in a quartz cuvette, in buffer containing 
0.1 M PIPES, i mM MgCl, 0.1 mM EDTA and 1 mM EGTA, pH 
6.9), were polymerized by adding GTP to a final concentration of 
i mM and warming the samples from 0 to 37 °C. Polymerization 
was monitored by absorbance at 350 nm on an Aminco DW2 
spectrophotometer. Aliquots of evaporated rainwater samples (10- 
50 ul) were added to the tubulin immediately before polymeriz- 
ation began. For calibration, Et,PbCI (Ventron, Karlsruhe, purified 
by column chromatrography on silica gel with benzene containing 
5% acetic acid) was used. During evaporation of the rainwater 
samples (~1:200), total lead content decreased due to the adsorp- 
tion of R;PbX to the glass surface, probably as reaction (la) 
formed in anhydrous conditions. Repeated washings of the flasks 
recovered tnialkyl lead with 90% yield. The evaporated samples 
were assayed in at least two dilutions corresponding to concentra- 
tions between 2.5 and 7.5 aM Et,PbCl. Each of the solid bars in 
Fig. 1 represents a value interpolated from at least two of the 
inhibition curves shown here 


t 


degradation of R,PbX to PbX, certainly occurs, but must be 
slower than generation of R,PbX from R,Pb. 

Most of the Feldberg samples containing R,PbX in concentra- 
tions 21107’ M were collected in typical weather conditions, 
that is, with wind from the south-west. However, the number 
of samples was limited, and wind from the south-west prevails 
on most days (70%) with precipitation. Therefore, the answer 
to the question of whether wind from this direction is concomi- 
tant with high organolead pollution in rain, will require a longer 
period of observation. 

The analytical, procedure recently described does ‘not 
differentiate between the various possible species of R,PbX such 
as EtsPbX, Et,MePbX, EtMe,PbX and Me3;PbX. These com- 
pounds, however, differ in their cytoxic activity, as can be shown 
in experiments with algae’, in which Et,;PbX is considerably 
more toxic than Me,;PbX. Accordingly, the measurement of 
organolead concentration will provide-reliable information on 
cytotoxicity only in cases where the composition of the mixture 
is known. On the other hand, considerable evidence has accumu- 
lated suggesting that antimicrotubular activity is closely related, 
or even identical, to cytotoxicity. Such a correlation has been 
shown for mammalian cells”* as well as for plant cells such as 
algae'*. Similarly, the decrease of the mitotic index, as observed 
in the tissue of onion’*:'* (Allium cepa), is most easily explained 
by assuming a disturbance of the microtubular system. There- 
fore, measuring the antimicrotubular activity is thought to give 
the most reliable information on the ecological menace residing 
in a lead-polluted rain sample. 

The highest concentrations of R,PbX determined in rainwater 
were only three times lower than the concentration of Et,PbCl 
that.is toxic for neuroblastoma or soybean cells. In this context, 
it is interesting that needles of coniferous trees, such as fir and 
spruce, accumulate Et,;PbCl several-fold from dilute aqueous 
solutions’. For example, '1 g of fresh plant tissue incorporated 
1.6 wg of EtsPbC! from a 0.3 uM solution within minutes. Pro- 
vided the toxin is freely distributed between the extracellular 

and ‘intracellular space, the concentration of Et,PbCI in the 
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aqueous compartments of the plant tissue may rise to >1 pM, 
that 1s, to potentially phytotoxic concentrations. 

We thank the staff of the Meteorological Station on top of 
the Feldberg and the community of Loffenau for their collabor- 
ation, and Dr K. H. Doenges for the gift of tubulin. 


~ 


Received 17 May, accepted 12 August 1985 


1. Favlstich, H & Stournaras, C Naturw Rdsch. Stuttgart 10, 398-401 (1984) 

2 Zimmermann, H -F , Roederer, G & Doenges, K H J Submicrosc. Cytol 16, 203~205 (1984) 

Faulstich, H, Stournaras, C., Doenges, K H. & Zimmermann, H.-P FEBS Lett 174, 

428-131 (1984) 

4 Stournaras, C , Zimmermann, H -P , Doenges, K, H & Faulstich, H Cell Biochem Funct 
2, 213-216 {1984} 

5 De Jonghe, W R A, van Mol, W E & Adams, F Proc int Conf Heavy Metais m the 
Enuronment, Heidelberg, 166-168 (CEP Consultants, Edinburgh, 1983). 

6 Harnson, R M & Perry, R 4tmos Envir 11, 847-852 (1977) 

7 De Jonghe, W R A & Adams, F C Talenta 29, 1057-1067 (1982) 

8 De Jonghe, W R.A, Chakraborti, D & Adams, F C Enuir Sci Technol 18, 1217-1222 
(1981) 

9. Edwards, H W & Rosenvold, R J in Trace Contamimants in the Environment, Proc, 2nd 
A, NSF-RANN Trace Contam Conf 59-64 (NSF-RANN, California, 1974) 

10 Harrison, R M. J. Enur Sa Hlth Atl, 417-423 (1976) 

11 Jensen, K_A in Biological Effects of Organolead Compounds {eds Grandjean; P & 
Grandjean, E ©), 1-4 (CRC, Boca Raton, 1984), 

12 Potter, H R, Jarvie, A W P. & Markall, R N War Pollut Contr 76, 123-128 (1977) 

13 De Jonghe, W R A, Van Mol, W E & Adams, F C Analyt Chem. 55, 1050-1054 (1983). 

14 Roederer, G 1n Biological Effects of Organolead Compounds (eds Grandjean, P & Grandjean, 
E. C ) 63-95 (CRC, Boca Raton, 1984) 

15 Ahlberg, J, Ramel, C. & Wachtmeister, C. A Ambio 1, 29-31 (1972) 

16 Ramel, C Mutat Res 2t, 45-46 (1973) 


ud 
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Several attempts have been made to outline the early evolution 
and radiation of the archosaurs through a study of the morphology 
and function of their ankle joints’ (Figs 1a, 2). Here we present 
new interpretations of the evidence which show that several aspects 
of archosaur ankle anatomy have been misunderstood, and we 
re-state the case for the ‘advanced mesotarsal’ (AM) ankle of the 
dinosaurs being derived from an intermediate stage and not directly 
from the ‘primitive mesotarsal’ ankle of a proterosuchid thecodon- 
tian (Fig. 1b). Two modifications to the original scheme? are 
required. First, that Euparkeria-like ankles are basically ‘pro- 
terosuchian’, digitigrade and unlikely to be ancestral to any other 
form; the term ‘modified primitive mesotarsal’ is proposed to 


‚describe this pattern of ankle. The second modification is to 


recognize that no ‘advanced mesotarsal (reversed)’ ankle” has been 
described to date, and that previous allocations of forms to this 
type have been in error. Therefore, all forms with the AM ankle 
(Fig. 2) probably share a common ancestry. The ‘advanced 
mesotarsal (normal)’ ankle seems to be present in all known 
dinosaurs. The ‘crocodile reversed’ ankle is at present known only 
in the Ornithosuchidae’*. This supports earlier suggestions that 
the dinosaurs are a monophyletic group””’, a view not generally 
‘accepted®. The character state used here to define the dinosaurs 
is acquisition of the ‘fully improved’ gait, exemplified by the AM 
ankle’, 

At the earliest level of organization in the archosaurs, in the 
thecodontian Proterosuchidae, the astragalus and calcaneum 
met in two pairs of articulation facets separated by a perforating 
foramen.. The ankle hinge was mesotarsal, and the term primitive 
mesotarsal was used to describe this condition (Fig. 2, PM). 
Cruickshank’ proposed that one or other of the complementary 
facets had later been elaborated into distinct but analogous 
rotating joints, and used the terms crocodile normal (CN) and 
crocodile reversed (CR) as suggested by Chatterjee’! to describe 
these two conditions. In the CN state, a process on the astragalus 
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Fig. 1 a, Relationship of archosaurs by ankle pattern as suggested 

by Cruickshank’. b, Revised relationships of archosaurs by ankle 

pattern as suggested in the present paper. PM, primitive mesotarsal; 

CN, crocodile normal, AM; advanced mesotarsal; AM-N, 

advanced mesotarsal (normal); AM-R, advanced mesotarsal 

(reversed), MPM, modified primitive mesotarsal; CR, crocodile 
reversed. 
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fits into a-recess formed on the calcaneum, in front of and lateral 
to a ‘tongue’ which helps to stabilize the rotating joint (Fig. 2a, 
CN). The calcaneum grows a tuber calcis which points to the 
rear of the foot, a structure not seen in primitive archosaurs. 
This joint corresponds to the distal pair of facets joining 
astragalus and calcaneum in the earliest archosaurs (Fig. 2, CN). 
In the CR condition, the calcaneum develops a medial process 
which comes to lie in a hemicylindrical recess on the distal face 
of the astragalus. This joint corresponds to the proximal articula- 
tion facets of the primitive form. Once again a tuber calcis is 
formed (Fig. 2, CR): In both cases the other pairs of facets fail 
to make: contact with each other and therefore the foramen is 
not enclosed; in each case the joint is intra-tarsal (cruro-tarsal). 

There was a radiation of thecodontian lineages in the early 


to middle Triassic, the ankles of which were based on the- 


proterosuchid PM ankle joint and which we call here modified 
primitive mesotarsal: This type of ankle is seen in the families 
Euparkeriidae, Erythrosuchidae and Proterochampsidae, none 


Fig. 2 a, Astragalus and calcaneum 
from left ankles of: Proterosuchus 
(PM), anterior (upper) and distal 
(lower) views; ‘Neoaetosauroides 
(CN), astragalus in anterior view, 
calcaneum rotated to show recess 
(arrowed) for reception of astragalar 
‘peg’ (the medially pointing, spoon- 
shaped protuberance is the ‘tongue’, 

which stabilizes the calcaneum when 
rotating on the astragalus; see text); 
prosauropod gen. et sp. indet. (AM), 
detail as for CN; Chanaresuchus 
(MPM), detail as for PM; 
Riojasuchus (CR), calcaneum 
rotated to show ‘peg’. b, Diagram- 
matic représentations of the left 
limbs of the above taxa, as lettered, 
with timescale. All illustrations in a 
are redrawn from originals used in 
ref. 2 and have the tibial facets on 
the astragalus orientated in the same 
plane. Scale bar represents 1 cm in 
all cases. Chanaresuchus ankle 
(MPM) reproduced here for closer 
comparison With the others, as it is 
nearer their size than that of 
Euparkeria. ast, astragalus; cal; cal- 
caneum; f, fibula; t, tibia; t.f., tibial 
facet; x—x, axes of ankle flexure; 
heavy arrows indicate lines of poss- 

ible relationships. 
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of which we believe had any descendants (Fig. 2, MPM). On 
the other hand, the major radiation that descended from the 
Proterosuchidae includes the crocodiles and all the dinosaurs, 
all of which, possess a CN pattern of ankle (Fig. 2, CN). An 
analogous CR ankle is seen only in the Ornithosuchidae of the 
Upper Triassic (Fig. 2). Elaborating on the descriptions of these 
crocodiloid ankles, Cruickshank? suggested that several of the 
dinosaur lineages had CN ankles and postulated that others 
had CR ankles. 

Three lécomotory stages of the archosaurs® '* could be linked 
to the three morphological stages of ankle and foot. The earliest, 
present in the Proterosuchidae, was sprawling and PM in pat- 

tern. The intermediate condition was seen-in the semi-erect CN 
and CR types, and the ultimate, fully erect (AM) type was seen 
only in the dinosaurs. In the original scheme? there were two 
AM ankles, AM-N (for CN-derived types) and AM-R (for the 
complementary forms)”. The MPM type was believed then to 
fit in evolutionary terms between PM and CR ankles? (Fig. 1a). 

The evolution of the AM-N ankle joint has been described 
in detail elsewhere*!*!* and accepted by Chatterjee in a recent 
review’, thus confirming, the apparent natural progression of 
ankle types from PM through CN to AM-N (Figs 15, 2, AM). 
It is the status of the analogous AM-R ankle which is of import- 
ance here, as the-resolution of this pattern of ankle joint has 
important implications for archosaur evolution in general and 
the dinosaurs in particular. If, as has been suggested”, there 
are two patterns of AM archosaur ankle, the dinosaurs cannot 
be a monophyletic group, because the two patterns of ankle are 
not capable of changing, the one into the other, except in very 
special conditions**°. 

Two taxa are particularly important in this study, 
Euparkeria®* and Riojasuchus*'*, Fhe anatomy of the ankle 
of Euparkeria is superficially what might be expected in an early 
example of a CR form. The calcaneum fits into a recess on the 
distal surface of the astragalus, and the perforating foramen is 
eliminated. However, the calcaneum retains the medial, pos- 
terior pyramid and the lateral tuber of the same pattern as in 
Proterosuchus and earlier forms’. In this respect the illustration 
in Brinkman‘ is at fault, for he gives the impression of a ‘back- 
wardly’ pointing tuber calcis, whereas it should be laterally 
directed (ref. 2, Figs 6-8; ref. 15, Fig. 13). In Euparkeria, with 
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a laterally directed tuber, any movement between astragalus and 
calcaneum would involve the calcaneum rotating on the axis of 
the posterior pyramid, in a proximo-distal direction; such move- 
ment would, however, be only minimal because of the stabilizing 
effects of the fibula proximally, and of the distal tarsals. 
Moreover, movement here is functionally unnecessary if it is 
assumed that Euparkeria was facultatively digitigrade’*. Thus, 
Euparkeria has an ankle only slightly modified from the PM 


condition. The other forms with MPM ankles are Erythrosuchus, - 


Chanaresuchus and their relatives"? which, along with 


Euparkeria, may represent an entirely separate radiation ef early 
archosaurs (Figs 1b, MPM). 

The CR ankle of Riojasuchus (and by implication, of the 
Ornithosuchidae in general) is structurally and functionally 
superficially similar to the CN type. However, the calcaneum 
is placed in a horizontal, hemicylindrical recess on the distal 
face of the astragalus. There is a strong possibility that 
mechanical advantage on the tuber calcis could only be achieved 
with the foot in a digitigrade pose, as is indicated in the figure 
reconstruction of Bonaparte’®, and unlike the modern crocodile. 
We believe it is unlikely that the antero-posterior-deepened 
calcaneum-astragalus joint in the MPM ankle could be elabor- 
ated into the CR condition, although Brinkman‘ has described 
an evolutionary pathway which can derive the CR ankle from 
a CN ancestor. We disagree with this solution, as it is difficult 
to match homologies of the detailed structures in both types. 
The origin of the CR ankle must remain obscure for the present, 
nor do we believe that any convincing AM-R ankle has been 
described to date. The difficulty in this respect is that many of 
the AM ankles described in the literature?! have inter- 
locking processes arising from both calcaneum and astragalus. 
Therefore, if a process arising from the calcaneum seems larger 
than any arising from the astragalus, the temptation would be 
to regard it as representing the CR condition. This arbitrary 
technique does not identify true homologies and can be refuted 
in the descriptions of the ornithischian and coelurosaurian 
ankles given by Cruickshank, who notes? that in the former 
“The astragalar-calcanear joint is a series of interlocking pro- 
cesses...”. In the coelurosaur ankle a less obvious but similar 
situation was also illustrated (ref. 2, Fig. 18). These two ankles 


are of AM-N type, and it thus follows that any ankle of AM - 


morphology which has the calcaneum fitting up against the 
astragalus laterally must be of CN derivation. Therefore, the 
assignment of Vulcanodon, and by association the sauropods, 
to the CR condition is wrong'*'* and, whatever the relationship 


of the Ornithosuchidae to other: groups, the Carnosauria are ` 


probably not of AM-R type either’. The ankle of Allosaurus”? 
is essentially similar to that of Syntarsus*. Although the astragali 
and calcanea of dinosaurs show a variable pattern of pegs and 
sockets, these do not function in any way like those of CN and 
CR ankles. The shared similarities of all AM ankles -are so 
overwhelming that we must assume that this pattern arose once 
only. The dinosaurs that have been described as having AM-R 
ankles are really of CN-derived type. If the AM-R ankle existed, 
it should have the calcanear-aStragalar relationship illustrated 
by Brinkman (ref. 4, Fig. 8D), with the calcaneum fitting into 
a notch or recess.on the distal face of the astragalus, and not 
fitting into a recess on the lateral side of the astragalus as is 
implied elsewhere”? ( Fig. 2, CR). In the CR ankle the calcanear 
articulation is distal, as in Riojasuchus™"®, ‘16 and not lateral. Any 
AM-R ankle must also have the same relationship of astragalus 
and calcaneum. 

We thank several colleagues for reviewing the draft manu- 
script, particularly Drs Alec: Panchen and Alan Charig, and 
Elizabeth Lawson for drawing the figures. 
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Glutamate stimulates inositol 
phosphate formation in striatal neurones 
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The major excitatory amino acids, glutamate (Glu) and aspartate 
(Asp), are thought to act at three receptor subtypes’ in the mam- 
malian central nervous system (CNS). These are termed quisqua- 
late (QA), N-methyl-D-aspartate (NMDA) and kainate (KA) 
receptors according to the specific agonist properties of these 
compounds revealed by electrophysiological studies’*. Although 
Glu has been shown to stimulate cyclic GMP formation in brain 
slices’, direct regulation of second messenger systems (cyclic AMP, 
Ca’* or inositol phosphates) subsequent to activation of excitatory 
amino-acid receptors, has not been extensively studied. Here we 
demonstrate that in striatal neurones, excitatory amino acids, but 
not inhibitory or non-neuroactive amino acids, induce a three- to 
fourfold increase in inositol mono-, di- and triphosphate (IP,, IP}, 
IP;) formation with the relative potency QA > Glu > NMDA, KA. 
The Glu-evoked formation of inositol phosphates appears to result 
principally from actions at QA as well as NMDA receptors on 
striatal neurones. Our results suggest that excitatory amino acids 
stimulate inositol phosphate formation directly, rather than 
indirectly | by the evoked release and subsequent actions of 
adenosine? or acetylcholine’. 

All experiments were performed on striatal neurones in 
primary culture, devoid of non-neuronal cell types. The cells 
were generated from fetal mouse brain and these neuronal 
cultures provide a good model for the examination of neuro- 
transmitter actions on striatal signal transduction mechanisms’. 
Neurones were raised in the presence of 5 wCi ml~' *H-inositol. 
After 11-14 days in vitro, cells were washed, exposed to 10 mM 
Li* for 10 min to block IP degradation’, and putative amino 
acid neurotransmitters were added for 30 min. The formation 
of inositol phosphates was followed by sequential chromatog- 
raphy on Dowex-formate columns?’ and liquid scintillation 
spectrometry. 

All putative excitatory amino acids tested evoked increases 
in inositol phosphate formation (Fig. 1), whereas inhibitory 
amino-acid transmitter candidates, such as y-aminobutyric acid 
(GABA), taurine and hypotaurine, were without effect. Other 
amino acids with little or no neuroactivity (valine, isoleucine, 
serine, threonine, methionine, arginine, histidine, tyrosine, tryp- 
tophan and proline) did not stimulate inositol phosphate forma- 
tion. The exposure of striatal neurones to various excitatory 
amino acids resulted in a dose-dependent and saturable increase 
in inositol phosphate accumulation (Fig.2); Glu stimulated 
inositol phosphate production three- to fourfold; half-maximal 
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Fig. 1 Effect of amino acids on inositol phosphate formation. 
Striatal neurones generated from the fetal mouse brain were raised 
as previously described®. Briefly, striata were removed from 14-15- 
day-old Swiss albino mouse embryos (Iffa Credo, Lyon) and 
mechanically dissociated with a fire-narrowed Pasteur pipette in 
serum-free medium. Cells were plated (1 x 10° cells ml™) in 12-well 
Costar culture dishes, previously coated successively with poly-L- 
ornithine (1 5 zg mi~}, relative molecular mass 40,000, Sigma) and 
culture medium containing 10% fetal calf serum After withdrawing 
the last coating solution, cells were seeded in serum-free medium 
(5 pCi ml™! myo-(?H)-inositol; NEN) composed of 1/1 mixture 
of Dulbecco’s minimal essential medium and F-12 nutrient 
(Gibco), and included glucose (0.6%), glutamine (2mM) and 
sodium bicarbonate (3 mM), (all from Sigma). In the place of 
serum, a defined hormone and salt mixture that included insulin 
(25 ug ml"), transferrin (100 pg ml7'), progesterone (20nM), 
putrescine (60 uM) and selenium salt (30 nM), (all from Sigma), 
was added. With this technique, these cultures were 
immunocytochemically and morphologically defined as purified 
(> 95%) neurones. After 11-14 days in vitro the culture medium 
was replaced with phosphate-buffered saline (composition (mM) 
NaCl, 137; KCI, 2.7; Na HPO, 8; KH,PO, 1.5; MgCl, 0.5; CaCl, 
0.45) and neurones were incubated for 10 min with 10 mM LiCl. 
Drugs were added at the following concentrations (M): glutamate 
(Glu) 107*, aspartate (Asp) 1074, cysteate (CA) 1077, cysteine 
sulphinate (CSA) 107 , homocysteate (HCA) 1073, quisqualate 
(QA) 107°, NMDA 107 -4 (the racemic mixture NM((p, L)A was 
used) , kainate (KA) 1077, GABA 10°, hypotaurine (HTA) 107? 
and taurine (TA) 107? at 37°C. The reaction was stopped after 30 
additional minutes by replacement of the incubation medium by 
5% perchloric acid. The phosphates were extracted as described 
by Bone et al.'® and separated by ion-exchange chromatography 
. Results are means, expressed as 


Inositol phosphate accumulation 
(% maximal Glu effect) 


as described by Berridge et al? 

percentage of the response induced by 1074 M Glu, +s.e.m. of at 

least three independent experiments on separate culture prepar- 
ations, performed in duplicate. 


stimulation (ECs.,) was obtained with 44M Glu. QA (ECs 
0.16 pM) was a full agonist, whereas NMDA (EC. 15 pM) and 
KA (ECs 10 uM) stimulated inositol phosphate formation to 
~40% of the maximal Glu response. This pharmacological 
pattern seems to correlate best with the QA rather than KA or 
NMDA receptor subtypes’. 

To define further the Glu receptor subtype(s) involved in the 
stimulation of inositol phosphate accumulation, the effect of 
2-amino-5-phosphonovalerate (APV), a selective antagonist at 
the NMDA receptor’, was examined. After the exposure of 
striatal neurones to 100 M APV for 10 min, the subsequent 
inositol phosphate response to NMDA was reduced by 56% 
(P <0.05), while the Glu, QA and KA responses were not 
significantly affected (Fig. 3). Taken together, these results sug- 
gest that, in striatal neurones, excitatory amino-acid stimulation 
of inositol phosphate formation is mediated by both QA and 
NMDA receptor subtypes. 

In the neostriatum, excitatory amino acids evoke the release 
of acetylcholine (ACh), a putative stimulator of inositol phos- 
phate formation in the CNS’®, and striatal neurones (S.W. et 
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Fig. 2 Dose-response curve for excitatory amino-acid stimulation 

of inositol phosphate accumulation in neurones. Cells were 

exposed to increasing concentrations of the indicated amino acids. 

Results are means, expressed as percentage of the response induced 

by 1074 M Glu, +s.e.m. of three independent experiments on sepat- 
ate culture preparations performed in duplicate. 
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Fig. 3 Effect of NMDA-receptor specific antagonist APV on QA, 
Glu, NMDA and KA induced inositol phosphate formation. APV 
(100 1M) was added at the same time as LiCl, 10 min before 
stimulation with the indicated agonists. Results are means, 
expressed as a percentage of the response induced by 1074 M Glu, 
+s,.e.m. of three independent experiments on separate culture pre- 
parations, performed in duplicate. The NMDA-induced response 
in the presence of APV was significantly lower (*P <0.05) than 
that caused by NMDA alone, as determined with Student’s t-test. 


al., in preparation). ACh release was completely abolished in 
the presence of 0.5 uM tetrodotoxin (TTX)"’. To confirm that 
the effects of excitatory amino acids were not caused by the 
release of ACh, inositol phosphate formation was examined in 
the presence of 0.5 uM TTX (Table 1). The responses to QA, 
Glu, KA and NMDA were unaffected by TTX, suggesting that 
the stimulation of inositol phosphate evoked by excitatory amino 
acids is not related to.the release of ACh from striatal neurones. 

Glu has also been found to stimulate cAMP formation in 
brain slices’? via the release of adenosine*. However, in striatal 
neurones, 2-chloro-adenosine (10 pM) did not stimulate inositol 
phosphate formation (144% of maximal Glu response, n = 3), 
suggesting that the Glu-evoked response is not mediated b by the 
liberation and subsequent action of adenosine. Berridge! has 
suggested that an interaction may exist between the hormone- 
sensitive guanylate cyclase and inositol phospholipid hydrolysis. 
As excitatory amino acids are known to stimulate cGMP 
accumulation in slices and cell suspensions of the cerebellum’, 
such an interaction could occur in neurones. 

‘Our findings provide the first evidence for excitatory amino- 
acid stimulation of inositol phosphate formation in neurones 
of the CNS. In addition, the data provide a new approach to 
the examination of excitatory amino-acid receptors via a func- 
tional pharmacological response. The high potency (ECs, 
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Table 1 Effect of TTX on inositol phosphate response to QA, Glu, 


NMDA and KA 
Inositol phosphate accumulation (% maximal Glu effect) 
—TTX +TTX 
Control ' © 0 -4+3 
QA (10% M) 88 + 16 91414 
Glu (1074 M) ' 100 102+8 
NMDA (107* M) 3945 46+15 
KA (1077 M) 3845 39+5 


TTX (0.5 uM) was added at the same time as LiCi, 10 min before 


stimulation with the indicated agonists. Experiments were carried out 
as described in Fig. 1. Results are the means, expressed as a percentage 
of the response induced by 1074 M Glu, +s.e.m. of three independent 
experiments on separate culture preparations, performed in duplicate. 


0.16 pM) and full efficacy of QA in evoking the inositol phos- 
phate response suggest that, in striatal neurones, excitatory 
amino acids can act principally at QA receptor subtypes in 
stimulating accumulation of inositol phosphates. However, the 
selective inhibition of the NMDA response by APV could reflect 
a separate action of excitatory amino acids at the NMDA 
subtype. . 

Results of this study (Table 1) suggest that the inositol phos- 
phate response to excitatory amino acids is neither related to 
the TTX-blockable release of neurotransmitters (such as ACh) 
nor to the liberation of adenosine. However, we cannot exclude 
the possibility that the increase in inositol phosphate formation 
results from the depolarization induced by direct stimulation of 
the amino-acid receptors. There is some evidence that K*- 
mediated depolarization results in an increase in inositol phos- 
phate formation in brain slices'*. Similarly, the relationship 
between the stimulation of inositol phosphate formation by 
excitatory amino acids and their previously described stimula- 
tion of Ca”* uptake in slices of mouse striatum’? remains unclear, 
although both effects are more sensitive to Glu than KA, and 
are resistant to TTX. It is known that cholinergic-induced 
myopathy shares acute histopathological features with those of 
the excitatory amino acids’*. As cytotoxic effects in myocytes 


seem to involve an increased intracellular concentration of Ca** | 
(ref. 17), the present demonstration of excitatory amino-acid . 


actions on IP, formation, known to mediate increases in the 
intracellular disposition of Ca** (ref. 7), could be of relevance 
in elucidation of the neurotoxic mechanisms of these neurotrans- 
mitters. l ; ; 
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Inhibition of exocytosis in bovine 
adrenal medullary cells 
by botulinum toxin type D 


D. E. Knight, D. A. Tonge & P. F. Baker 


MRC Secretory Mechanisms Group, Department of Physiology, 
Kings College, Strand, London WC2R 2LS, UK 


Botulinum toxins are known to block transmitter release at 
peripheral cholinergic synapses’, producing muscular weakness 
and paralysis. The toxins may also block adrenergic trans- 
mission”, although this effect is less well understood’. The 
mechanisms by which toxins act are unclear. They are proteins of 
relative molecular mass ~ 150,000 and are structurally similar to 
tetanus toxin. It is generally accepted that a rise in intraceilular 
calcium concentration is sufficient to trigger secretion by 
exocytosis’ ™, but it is not known whether the toxins block 
secretion by preventing this Ca transient'*'* or whether they act 
downstream from Ca entry by interfering with the process of 
exocytosis itself. We have attempted to resolve these questions in 
the case of the adrenergic system by studying the effects of 
botulinum toxins (types A, B, D and E) on the secretory response 
of isolated bovine adrenal medullary cells maintained in culture’®. 
The cells were either challenged with various secretagogues or 
rendered leaky and challenged directly with Ca buffers. We report 
here that botulinum toxin type D inhibits secretion in a time- and 
dose-dependent manner, the results being entirely consistent with 
the idea.that the toxin acts at or near the site of exocytosis rather 
than at the sites controlling the rise in free Ca. 

Chromaffin cells were isolated by protease digestion of thin 
slices of bovine medullary tissue!” and cultured at a density of . 
3x 10°-2 x 10° per ml. Figure 1a shows the effect of incubating 
the cells for 6 days with various toxins. Only botulinum toxin 
type D was effective at inhibiting the catecholamine released in 
response to the physiological secretagogue acetylcholine. Pre- 
viously boiled toxin type D was without effect. The amounts of 
toxins used are expressed in terms of mouse lethal doses and 
correspond to the toxicity, assessed at 3 days, of 50-wl aliquots 
of the toxins injected into the hind legs of adult mice (20-30 g). 
Our stock solutions of botulinum type A and E toxins were 
relatively non-toxic to mice and so the highest doses used 
corresponded respectively to three and four orders of magnitude 
less than that used for the botulinum type D toxin, that is, only 
10 and 1 mouse lethal doses. The effect of tetanus toxin on 
catecholamine secretion was also investigated, as inhibition of 
acetylcholine release from motor nerves by tetanus toxin in some 
ways resembles the blockade of acetylcholine release by 
botulinum toxin'®’*, and as there is evidence for competition 
between these two toxins for binding sites in both the peripheral 
nervous system and synaptosome preparations from the central 
nervous system***?, Tetanus toxin had no effect on 
catecholamine release and the dose-response curve for 
botulinum type D was unaffected by the’ presence of tetanus or 
botulinum type B or E toxins (data not shown). We have been 
unable to reverse botulinum inhibitions of catecholamine 
secretion once it is established. 

Figure la also shows that the total amount of catecholamine 
associated with the cells after 6 days’ incubation increases with 
the concentration and potency of type D toxin. These data, 
together with the evidence that very little of the catecholamine 
of toxin-treated cells is cytosolic (see Fig.4 and text), argue 
against the idea that botulinum toxin inhibits secretion by deplet- 
ing the secretory granules of transmitter. Failure of the toxin to 
prevent synthesis and storage of acetylcholine at cholinergic 
synapses has been reported’. The increased catecholamine con- 
tent of the cells can be explained in terms of increased 
catecholamine synthesis or, more probably, in terms of an inhibi- 
tion of basal as well as evoked secretion. The total catecholamine 
levels were not increased when cells were incubated with the 
other toxins (data not shown). 
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Fig. 1 a, Effect of botulinum and tetanus toxins on catecholamine 
secretion from cultured bovine adrenal medullary cells. The left- 
hand ordinate is the amount of catecholamine in the extracellular 
fluid and is expressed as a percentage of the total catecholamine 
in the culture dish well. The catecholamine released in response 
to the acetylcholine challenge in cells incubated in botulinum toxin 
type A (A), B (©), D (@), E (V) and for tetanus toxin (#) are 
means (+s.e.m.) of three determinations. The extracellular 
catecholamine concentrations associated with washed, unchal- 
lenged celis have been averaged for the different toxin treatments 
used as they were very similar (©). The amount of toxin used is 
expressed in the abscissa as mouse lethal doses (MLD) and corre- 
spond to the potencies of 50-pl aliquots of the incubation culture 
media. The total amount of catecholamine associated with the cells 
after incubation with type D toxin ıs shown on the right-hand 
ordinate (MI) and is the mean (+s.e.m.) of four determinations. 
Temperature 37 °C. 6, Effect of time of incubation with botulinum 
toxin type D on secretion evoked by acetylcholine. Cultured cells 
were incubated for the periods shown with various concentrations 
of botulinum toxin type D before being challenged with 2 x 1074 M 
acetylcholine for 15 min. The evoked catecholamine released is 
plotted as the ordinate and is expressed as a ratio of that released 
by cells of the same age and population incubated without toxin. 
The data points are means (+s.¢e.m.) of 2-6 determinations and 
represent accumulated data from 10 experiments. The amounts of 
toxin used were MLD per 50 pl of incubation medium; @, 2 x 104; 
O, 2x 10°; W, 2x 107; O, 2x 10'; temperature 37 °C. 

Methods. Cells were maintained for 6 days in Dulbecco’s modified 
Eagle’s medium containing 10% fetal calf serum, 100U mi™’ 
penicillin G, 5ygml~' gentamicin, 5 pM 5-fluorodeoxyuridine, 
5 uM cytosine arabinoside, and in the presence of various toxins 
(50 ul toxin stock in glycerol phosphate buffer per ml cell sus- 
pension), after which the plated cells were washed twice with 
physiological saline containing (mM) NaCl, 150; KCI, 5; HEPES, 
10; Ca, 3; glucose, 5; pH 7.3, before being ‘challenged’ with 0.3 ml 
of saline either in the absence or presence of 5 x 1074 M acetylcho- 
line. After 15 min at 37°C, the solution was assayed for 
catecholamine. Catecholamine remaining in the cells was released 

with 0.3 ml saline containing 0.1% Triton and assayed. 


Extracellular catecholamine 
(% of total) 





200M 100uM 80mM 3mM 50M 
Control ACh Verat K’ Ba” A23187 


Fig. 2 Effect of botulinum toxin type D on the response of intact 
cells to various secretagogues. Cells were cultured for 2 days with 
type D toxin (2x 10* MLD per 50 p1), washed and challenged for 
15 min at 37 °C, as described in Fig. 1 legend, with the indicated 
secretagogues (ACh, acetylcholine, Verat/, veratridine). The data 
show the mean of two determinations, the error bars represent the 
range. Open bars, cells incubated in the absence of toxin, hatched 
bars, cells incubated in the presence of toxin. 


The potency of type D toxin in inhibiting acetylcholine- 
evoked secretion is also time dependent. Figure 1b shows that 
toxins differing by a factor of 10 in concentration may be 
equipotent if the more dilute toxin is exposed to cells for 
approximately twice as long as the more concentrated toxin. 
Cells incubated with botulinum toxin type D, when viewed with 
an inversion microscope, are indistinguishable from untreated 
cells, plate down normally and exclude trypan blue. 

The rise in free Ca necessary to bring about secretion from 
adrenal medullary cells is generated by Ca entering the cell from 
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the extracellular medium through Ca channels which are vol- 
tage-sensitive and whose action is inhibited by the channel 
blocker D600; the increased permeability to Ca is triggered by 
depolarization of the plasma membrane*!***, Depolarization 
can be initiated by various agents, including acetylcholine, 
veratridine (an alkaloid that opens sodium channels), or directly 
by raising the extracellular potassium concentration. Figure 2 
shows that in all cases the secretory response is inhibited by 
type D toxin, while measurements of “Ca and 7*Na influx 
suggest that the toxin does not modify Na or Ca fluxes (Fig. 3). 
The normal D600-sensitive influx of “Ca associated with 
acetylcholine-evoked secretion is not inhibited by the toxin 
whereas secretion is. Furthermore, the influx of Na which is 
sensitive to the toxin tetrodotoxin (TTX), and which occurs in 
the presence of veratridine, is not inhibited by the toxin, whereas 
secretion is inhibited by both TTX and toxin. 

The voltage-sensitive secretory pathway can be bypassed by 
barium ions, by low concentrations of the Ca ionophore A23187, 
or by rendering the plasma membrane leaky to Ca buffers using 
a high-voltage technique?””°, In all cases secretion is inhibited 
by pretreatment with type D toxin (Figs 2, 4). Blockade of 
Ca-induced exocytosis in cells preincubated in type D toxin and 
subsequently rendered permeable by brief exposure to intense 
electrical fields is particularly interesting because the free Ca to 
which the secretory apparatus is exposed can be controlled with 
some precision. Figure 4 shows that there is virtually no Ca- 
dependent release of catecholamines up to a free Ca concentra- 
tion of 10 pM. The simplest interpretation of the data is that 
botulinum toxin type D inhibits secretion downstream from Ca 
entry by acting at or near the site of exocytosis itself. 

Further experiments are required to determine why bovine 
adrenal medullary cells are more sensitive to type D toxin than 
to other toxin types. It is possible that medullary cells possess 
more receptors for type D toxin, or that all toxins can penetrate 
medullary cells but only type D can inhibit exocytosis. The 


NATURE VOL 317 24‘OCTOBER 1985 











a = 
etn, i g) 
to = 
= a 
8 : : 
D 
b x È 
X ye 7 x 
>, x ww CY 
TN = 5 
~ o o a 
52 ae = 
eee “ 9 
E 
E = 
& — 
D [+] 
£ ts 
£ f: 
s e 
re) ra 
im Č m 
Oo aw Gna 
rss 2 
w e o 2 
` O 
ta w O 
T o kied 
55 Be 
@ © 
2 © 
= | Control = 
= Contro o x 
w 30 30 u 


. Fig.3 Effect of toxin type D on “Ca (a) and 7*Na (b) influx. 
Cells were cultured at ~2 x 10° m1™" for 5 days either ın the absence 
or presence of botulinum toxin type D (2x 10* MLD per 50 pi) 
The open bars denote the amount of extracellular catecholamine 
after a 10-min challenge period and the dotted bars denote the 
“Ca or Na associated with the cells.-Data are means of three 
determinations (error bars are s.e.m.). The second bar of each pair 
corresponds to measurements from acetyicholine-stimulated cells, 
the first bar of each pair being data from unstimulated cells. 
Methods. a, Plated down cells were washed and incubated for 
2min with 0.2 mi of saline containing 2 mM Ca, either alone or 
together with 1074 M D600, before being challenged by the addition 
of 0.2 mi saline containing 2mM Ca and 4pCi “Ca alone or 
together with 5x 107 M acetylcholine. After 10 min at 37°C the 
extracellular fluid was removed for counting and catecholamine 
assay, and the plated down cells were washed five times at 4°C in 
saline containing 2mM Ca and 0.5% bovine serum albumin. The 
cells were then solubilized in saline containing 0.1% Triton, coun- 
ted and the catecholamine content determined. b, The conditions 
were the same as for a except that cells were treated with 107° M 
TTX instead of D600, were challenged with 1075 M veratridine in 
place of 5x 1077 M acetylcholine, and the 0.2-ml aliquots contained 

4 Ci ? Na instead of Ca. 
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Fig. 4 Effect of botulinum toxin type D on the Ca-dependent 
secretory response of leaky celis. Cells were cultured in the presence 
(@) or absence (O) of botulinum toxin type D (2x10* MLD per 
50 wl incubation medium) for 2.5 days in bacteriological Petri 
dishes. The culture media used were as described in the text but 
in addition contained 1 mg DNase per 20 ml culture medium to 
prevent cell aggregation. The cells were washed into a K-glutamate- 
based medium pH 6.6 containing 5mM ATP (ref. 26), rendered 
leaky by 10 exposures of 2 kV cm™! (r~ 200 us), challenged with 
Ca-EGTA buffers at 28°C, and the catecholamine in the super- 
natant determined 18 min later. 
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chromaffin cell should provide an ideal preparation for further 
investigation into the molecular basis for botulinum poisoning. 

We thank Dr B. C. Whaler and Wellcome Biotechnology Ltd 
for the botulinum and tetanus toxins, and the MRC and Royal 
Society for financial support. 
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Establishment of idiotypic - _ 
helper T-cell repertoires early in life 
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Madrid, Spain 
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Immunoglobulin variable-region (V) genes, it is now y recognized, 
do not encode specific receptors for T lymphocytes! A kassie] 
observations on T-cell expression of immunoglobulin idiotypes’ 
had remained unexplained until recent experiments showed iat 
immunoglobulin idiotypeś expressed by T lymphocytes in normal 
mice are absent in cells of the same specificity isolated from donors 
whose B-cell system has been suppressed by administration of 
anti- antibodies from birth”. This observation provided evidence 
for the ‘learning’ of T-cell idiotypes from the B-cell/antibody 
system and, therefore, for the importance of idiotypic network 
interactions’ in the selection of available lymphocyte repertoires 
before antigenic challenge. Previously described influences of B 
cells and/or antibodies on the T-helper (T;,) cell compartment’? 
would appear to operate at the level of clonal-repertoires by 
complementarities with defined immunoglobulin idiotypes. Other 
authors, however,’ had previously shown the striking stability of 
T-cell idiotype expression in chimaeric animals reconstituted with 
T.and B cells originating from donors showing differential idiotype 
expression’*!, We have now investigated this apparent discrepancy 
and present here results demonstrating that immunoglobulin- 
dependent-selection of T-cell (idiotypic) repertoires only hai 
for the first 3 weeks of life. 

The experimental system previously described jas been ed 
throughout these studies’. T-helper cells specific for trinitro- 
phenol (TNP)-modified self-antigens (anti-TNP-self T,,) were 
prepared as before}, by intra-tail priming of adult BALB/c 
mice with TNP-derivatized syngeneic spleen cells and weekly 
ın vitro restimulations of the draining lymph node cells with the 
homologous antigen. After 3 weeks of enrichment, these cells ` 
proliferated in response to hapten-modified syngeneic spleen 
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Table 1 Expression of the F6(51i) :diotope by B cells and antibodies in different 
immune steady states 


Absolute 
frequency of l ID* anti- 
ID* clonal Serum TNP antibody 

Immune B-cell Serum idiotypic anti-idiotypic response 
state* precursorsy titret titre§ (ug ml”)! 
Normal 1:2,500 <1:2 <1:2 <0 01 
Ab, 1.800 1.16 <1 2 0 01-0.1 
Ab, <1 14,000 <1 2 1: 16,384 <0.01 
Ab; 1:380 1 4,096 <1-2 150~1,000 


* Defined and described in refs 7, 19. Ab,, Ab, and Ab;, animals immunized 
with TNP-Ficoll, idiotype (MOPC 460 myeloma protein) and anti-idiotype (F6(51) 
monoclonal antibody), respectively, cross-linked to keyhole limpet haemocyanin. 
The table shows average determinations from many animals per group. 

+ Summarized from ref. 20 Absolute frequencies are the ratios between the 
frequency of mitogen-reactive clonal precursors producing ID* immunoglobulin 
and the total frequency of mitogen-reactive B cells, determined by limiting dilution 
analysis in the same experiments. 

+ Determined by haemagglutination, using F6(51)- coated red celis”? 

§ Determined by haemagglutination, using MOPC 460-coated red cells!”~ an 

Summarized in part from refs 18, 19. Fraction of anti-TNP antibodies, isolated 
on immunoabsorbent columns, reacting with F6(31) anti-1diotype. 
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cells and induced B cells in these populations to extensive 
proliferation and antibody secretion, revealed by development 
of immunoglobulin-secreting plaque-forming cells (PFC)! 
In both types of responses, such T,, showed stringent specificity 
and the requirements for ‘dual recognition’ of TNP and Ia‘ (refs 
7, 13-15). As also shown before’, as many as two-thirds of these 
T, cells can be inhibited by a monoclonal anti-idiotypic anti- 
body—-F6(51)—-which recognizes an idiotope on the BALB/c 
anti-TNP myeloma protein MOPC 460 (ref.17). Several 
independent lines of evidence”! have indicated that such anti- 
idiotypic antibodies react with clonally distributed receptors on 
T cells, which determine their paratopic specificity. In short, the 
inhibition by F6(51) antibodies operates at the level of the 
responder T, and not by interactions with the ‘target’ B cells; 
these anti-idiotypic antibodies directly induce interleukin-2 pro- 
duction by the appropriate T, cells, and they fail to inhibit 
BALB/c T, cells with several other haptenic specificities. Fur- 
thermore, although expression of the T, idiotype is 
immunoglobulin allotype-linked’, other monoclonal anti- 
idiotypic antibodies directed to MOPC 460 or to other recurrent 
anti-FNP idiotypes of BALB/c have no effect on such helper 
cells (C.M.-A., unpublished data). 

The data supporting immunoglobulin-dependent selection of 
T,,-cell idiotypic specificities led us to investigate their expression 
in idiotypically manipulated animals. Adult BALB/c mice were 
immunized with either the anti-TNP myeloma protein carrying 
the idiotype (M460) or the monoclonal anti-idiotypic antibody 
F6(51), both cross-linked to keyhole limpet haemocyanin fol- 
lowing previously described protocols'*!*. These groups of mice, 
called Ab, and Ab; respectively, could be shown to produce 
high levels of auto-anti-idiotypic antibodies (Ab,) or 
immunoglobulins complementary to F6(51) (Ab;) (Table 1). 
Table 1 summarizes the immune steady-states previously ana- 
lysed in similarly treated animals, where ‘Ab,’ and ‘normal’ 
denote animals that were not idiotypically manipulated and 


were either primed with TNP antigen or left untreated. Ab, mice 


are ‘suppressed’ for the expression of the relevant idiotype on 
anti-TNP antibodies”, and display reduced frequencies of clon- 
able B-cell precursors that secrete immunoglobulin carrying that 
idiotope’’, 

In contrast, Ab, mice contain very high titres of anti-F6(51) 
(or idiotype-positive) antibodies and predominantly express this 
idiotype when immunized with TNP'*. Moreover, these mice 
contain about 10 times more idiotype-producing B-cell precur- 
sors than normal mice”°, providing a direct demonstration of 
the impact of these idiotypic manipulations on the available 
repertoire of B lymphocytes. To our surprise, however, anti- 
TNP-self T,,-cell lines prepared from Ab,, Ab, or Ab; BALB/c 
mice (that is, by immunizing either normal, idiotype-suppressed 
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Table 2 Inhibition by F6(51) anti-idiotype of the TNP-self-specific T, 
activity mediated by T cells prepared in different immune states 





Helper Inhibition by 
Donor of Th F6(51) in (IgM PFC anti-idiotype 
cells* culturet per culture) (%) 
= 11,700 
Abı + 3,740 68 
— 8,100 
s Ab, E 4,500 | 55 
— 4,600 
Abs in 2,070 55 





TNP-self-specific T,,-cell lines were prepared as described previously” 
by intra-tail immunizations of BALB/c mice with irradiated (3,300 rad) 
TNP-derivatized syngeneic spleen cells. The draining lymph node cells 
were collected 4-15 days thereafter and restimulated during 4 weeks in 
vitro with the homologous antigen. T-helper activity of these lines was 
assayed by mixing, in 0.2-mi cultures, 4X%10* TNP-derivatized non- 
irradiated BALB/c spleen cells with 4x 10° anti-TNP-BALB/c T, cells, 
and measuring numbers of IgM-secreting PFC ın the protein A plaque 
assay 4 days later’*. 

* As in Table 1; no data are available concerning the frequency of 
TNP-self-specific F6(51)-inhibitable T-cell precursors, determined 
without antigen priming (for example, in lectin-driven limiting dilution 
systems). 

t'As indicated, 15 wg ml™' of purified F6(51) antibody was added at 
the start of cooperative cultures. Two different methods for affinity 
purification of F6(51) antibodies from ascitic fluids were used: low pH 
elution from MOPC 460 columns and pH 6 elution from Staphylococcus 
protein Acolumns When tested in parallel, both preparations of F6(51) 
gave comparable results of inhibition on a weight basis (15, 3 and 0.6 pg 
ml7! of antibody resulted in 60%, 35% and 6% inhibition for the protein 
A-purified antibody, and 63%, 21% and 14% inhibition for the antibody 
purified on idiotype columns). These two preparations did not contain 
anti-TNP antibody detectable in haemagglutination assays and were 
used randomly in these experiments. 


or idiotype-primed mice) showed absolutely comparable levels 
of inhibition by F6(51) antibodies (Table 2). These results 
apparently contradict the notion that expression of this idiotype 
by T, cells results from idiotypic interactions with consequent 
selection by immunoglobulins and/or B lymphocytes. It could 
be hypothesized, however, that the mechanisms operating in 
such idiotypic selection of T-cell repertoires act only at critical 
stages in the development of the mature immune system. 

This possibility could be tested because interruption of anti-w 
antibody treatments is followed by a rapid reconstitution of the 
B-cell compartment and normal or supranormal. circulating 
immunoglobulin levels*’. By suppressing mice from birth with 
anti-y antibodies, and interrupting the treatment at various ages, 
we prepared mice in which the T-cell compartment had 
developed for various periods of’time in the absence of B 
cell/immunoglobulins. Mice in the various groups were then 
used to prepare anti-TNP-self T, cells, which were tested for 
expression of idiotopes recognized by F6(51) antibodies in func- 
tional assays. Two such experiments are shown in Fig. 1. All 
mice were tested simultaneously at 9 weeks of age. As can be 
seen, while anti-TNP T, cells derived from normal BALB/c 
mice are extensively inhibited by F6(51) antibodies, T, cells 
raised in parallel against the same TNP-modified normal 
BALB/c spleen: cells, in mice continuously suppressed with 
anti- antibodies, are not significantly inhibited. Most impor- 
tantly, mice suppressed with anti-p for 1 or 2 weeks and allowed 
to recover thereafter behave like normal untreated mice; in 
contrast, those ‘in which suppression was maintained for the 
first 3-4 weeks but then stopped behave as donors that were 
suppressed for the whole period of the experiment. It would 
appear, therefore, that interactions with B-cell/immunoglobulin 
idiotypes that are relevant in the selection of T,,-cell repertoires 
occur only for the first 3 weeks of life. Mice deprived of the 
B-cell/immunoglobulin system in this short period of postnatar 
life did express an abnormal idiotypic T, repertoire, even though» 
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‘Fig. 1 Two independent experiments showing the extent of 
idiotype- specific inhibition in T, lines derived from different 
groups of mice suppressed from birth for varying periods by daily 
injections of rabbit anti-mouse IgM antibodies. The left-hand figure 
shows the period of suppression while the right-hand figure shows 
the degree of inhibition by F6(51) antibodies. BALB/c mice were 
either left untreated or suppressed from birth with daily injections 
of rabbit anti-mouse IgM antibodies, as described elsewhere’ The 
suppressive regime was interrupted in different groups of mice 
after the time periods indicated. At 8 weeks, all mice were immun- 
ized with TNP-BALB/c cells for the preparation of TNP-self- 
specific T,,-celi lines, as shown ın Table 2. After 3 weeks of in vitro 
enrichment, all T cells were tested for specific T, activity, using 
TNP-BALB/c spleen target cells, and for the inhibition of effector 
T, activity by addition of F6(51) antibodies (see Table 2). Only 
one point in the, Ty-cell titration is shown (4 x 10° cells per culture) 
and the control numbers of [gM PFC per culture in the various 
groups were 4,700-9,080 and 3,400-8,300, respectively, in the first 

« . and second experiments. 


3 * 


Y 


their B-cell system had been reconstituted for another 4-5 weeks 
before T, cells were prepared. 

These results suggest that Tp-cell (idiotypic) repertoires are 
established early in postnatal life and are thereafter quite stable. 
In the light of these findings, it is not surprising that idiotypic 
manipulations of adult mice do not lead to detectable alterations 
in T-cell repertoires, as shown above, and that adult T cells do 
not ‘learn’ their idiotypes from B cells in chimaeric animals as 
reported by several authors’. This latter phenomenon, 
together with the allotype-linkage of the control of expression 
of T-cell idiotypes, has constituted the strongest argument for 
T lymphocytes bearing V,,-encoded receptor molecules. Our 
observations help to solve this puzzle and the present incon- 


gruities between recent molecular genetics and less recent sero- 


logical and cellular experiments on T-cell receptor specificities. 
The apparent resistance of the T-cell repertoires to influences 
of B- cell/ immunoglobulin idiotypes after 3~4 weeks supports 


the establishment of a stable T-cell repertoire, but on the basis ~ 


of other selective mechanisms and complementarities, perhaps 
among the T cells themselves (A. Augustin, personal communi- 
cation). Furthermore, if on the basis of a recursive organization 
we expect that T-cell repertoires will, in turn, contribute to the 
selection of available or actual B-cell/ antibody repertoires??? 
it could be predicted that mice suppressed with anti-u antibodies 
for the first 3 weeks of life will express B-cell repertoires that 
are variants of those of normal mice. Any speculation on these 
results should take into account that reactions of anti-idiotypes 
with T cells are, in our hands, quite exceptional. As noted 
previously’"°, we have failed to detect any other cross-reactivity 
of this kind, in extensive tests of a variety of anti-hapten self 
Tp cells with a large. panel of anti-idiotypes, in the appropriate 
strains. The phenomenon analysed here, if exceptional, 
nevertheless provides a useful tool in the analysis of system 
regulation. 

Finally, if available repertoires of both T and B lymphocytes 
are implicated in the development of various pathological 


autoimmune disorders—as suggested by the association of some | 


such diseases with major histocompatibility complex and IgCH 
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haplotypes?" —the present observations could be relevant for 


the understanding of. the primary causes of disorder. Thus, 
immunologically relevant events occurring in perinatal life (such 
as maternal influences and neonatal infections) could be 
manifested many years later by. such mechanisms operating on 
the selection of available repertoires. The structura! and genetic 
analysis of T-cell receptors at the molecular level now well under 
way makes the development of models for studying the regula- 


tion of these genes’ expression all the more important. 
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‘D-myo-inositol-1,4,5-trisphosphate (InsP) is a putative intracel- 


lular second messenger for the mobilization of Ca** from intracel- 
lular stores, in particular, the ‘endoplasmic reticulum’. Specific 
binding sites on the endoplasmic reticulum may participate in the 
InsP,-induced release of Ca’* from the Ca’* pool. To examine 
the specific binding sites on the endoplasmic reticulum, we synthe- 
sized an arylazide derivative of InsP, for photoaffinity labelling; 
InsP, coupled to p-azidobenzoic acid (InsP,—-pAB) using N,N’- 
carbonyldiimidazole (CDI) was obtained at a 9-11% yield. Here, 
we report that InsP,;-pAB, but not an arylazide derivative of 
inositol-1 ,4-bisphophate (Ins(1,4)P,), causes the irreversible inhi- 
bition of InsP;-induced release of Ca”* in saponin-permeabilized 
photo-irradiated macrophages. The irreversible inhibition by 
InsP;-pAB after photo-irradiation was prevented by a 10-fold 
excess of unmodified InsP3. 

Guinea pig peritoneal co T were treated with saponin 
as described elsewhere*’®, InsP, was prepared from phos- 
phoinositide (Sigma) by alkaline hydrolysis and purified by TLC 
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[InsP 3] or [insP,- pABK um) 


Fig. 1 Dose-response relationship of InsP,- (O) or InsP;~pAB 
(@)-induced Ca** release. Ca** was accumulated in saponin- 
treated macrophages in a solution containing 0.1 M KCI, 20 mM 
Tris-maleate (pH 6.8), 10 mM NaN3, 3mM MgCl, 2mM ATP, 
012mM CaCl, (containing 2 4C1 mI™! of *5Ca?*, specific activity 
23.8 mCi mg '; NEN) and 1 mM EGTA for 10 min at 37°C. The 
free Ca** concentration was estimated td be 1.4x 107’ M, on the 
assumption that the affinity constant of EGTA for Ca’* is 1x 
10° M7! at pH 68 (ref. 3). Ten minutes after the addition of ATP, 
an aliquot of the mixture was passed through a glass-fibre filter 
(Whatman GF/C, pore size 1.2 um) to determine the amount of 
Ca?* uptake, as described’. At 11 min, the reagent (InsP, or InsP3- 
pAB) in 1/100 volume of the mixture was added The Ca?" release 
is expressed relative to that at 1 min after the addition of 10 M- 
InsP}. Two other experiments using different preparations of 
InsP,-pAB and cells gave essentially the same results. 


on cellulose (Funakoshi, Avicell SF), according to the method 
of Grado and Ballou''. InsP;-pAB was prepared under a dim 
light, by the method of Gottikh et al.. Briefly, pAB (7,500 nmol; 
Tokyo Kasei) was mixed with CDI (7,500 nmol; Tokyo Kasei) 
in 40 ul of dry acetonitrile for 15 min, at room temperature. The 
solution was then mixed with InsP, (750 nmol) in 100 ul of 
distilled water. The mixture was stirred for 3-4h at room tem- 
perature, and applied to an Ayicell SF TLC plate. The 
chromatography was performed in a solvent containing n- 
propanol, ammonia and distilled water (5:4:1, v/v) for 60- 
75 min. The reference plate was stained for phosphate ester 
using molybdate spray reagent’*. The starting InsP, had only 
one Rpr of 0.20, while the InsP; mixed with imidazolized pAB 
(a product of the mixture of pAB and CDI”) had Rp values of 
0.30, 0.41 and 0.50, in addition to 0.20. Imidazolized pAB had 
an Rp of 0.79. The two fractions (R-=0.20 and Rp =0:30-0.50) 
were stripped off the plate and extracted with distilled water. 
The concentration of. InsP; was determined by phosphorus 
assay’. In a typical preparation starting with 750 nmol InsP}, 
65-85 nmol of InsP;-pAB was obtained. When the two fractions 
were dissolved ‘in water and scanned, InsP,;-pAB showed a high 
absorbance at a wavelength (A) of 268 nm, with'shoulders at 
280 and 290 nm (characteristics of an arylazide compound’>) 
while InsP, showed no obvious absorbance. After photo-irradi- 
ation for 5 min, the high absorbance of InsP,- pAB at 268 nm 
was diminished, indicating the formation of nitrene’>. From the 
molar extinction coefficient of pAB, the average:ratio of pAB 
to InsP, was 1:1. 

When saponin-treated macrophages were incubated in a sol- 
ution containing 0.1M KCl, 20mM Tris-maleate (pH 6.8), 
10 mM NaNs;, 3mM MgCl, 2mM ATP and 1.4x 107’ M free 
Ca** at 37 °C for 10 min, the Ca** stored in the cells was 2.2 nmol 
per 4x 10° cells (n = 10). Application of InsP; (10 pM) released 
~25% of the stored Ca** within 1 min. Figure 1 shows the 
dose-response relationships of InsP,- or InsP,;-pAB-induced 
release of Ca’* from saponin-treated macrophages at 1 min after 
the application of the reagents. InsP, extracted from the TLC 
plate on which the mixture of InsP; and imidazolized pAB had 
been developed, released Ca?* with an ED;o (dose giving half- 
maximal effect) of 0.9 uM, which is comparable to our previous 
findings’. InsP;~pAB also released Ca**, with an EDso of 
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Fig. 2 Effect of InsP, (@, 54M) or InsP;-pAB (W, 10 uM) on 
Ca** uptake and release. InsP, or InsP,-pAB was included in 5 ml 
of a solution designed for Ca”* uptake, as described in Fig.:1 
legend, 11 min after the addition of ATP (indicated by arrow) 
5 uM InsP, was added. Open circles show the results of an experi- 
ment done in the absence of either InsP; or InsP,--pAB in a solu- 
tion for Ca? uptake. Each point represents the mean of four 
experiments. 


2.5 uM, and the Ca’* released by 10 uM InsP,-pAB was ~609 
of that released by the same concentration of InsP3. 

Figure 2 shows the effect of InsP, and InsP,-pAB on Ca’ 
uptake by saponin-treated macrophages. In the presence ¢ 
InsP}, the amounts of Ca?* taken up and stored in the cell 
were inhibited to the level seen, after the addition of InsP; t 

cells which had accumulated Ca”* in the absence of InsP3. Th: 
inhibition by InsP, may be due to an increase in Ca”* permeabi 
ity of the Ca?* pool®’*. Application of InsP; after the Ca’ 
uptake had reached a plateau did not lead to a release of Ca” 
InsP;-pAB also had an inhibitory effect on Ca** uptake, an 
the subsequent application of InsP; induced a release of Ca? 
to a lesser extent. These results indicate that the biologic: 
activity of InsP;-pAB was retained, albeit with a weakene 
potency. 

Saponin-treated macrophages were incubated with 5 yu} 
InsP; at 37°C for 10 min in the absence of ATP, after whic 
InsP, was removed by centrifugation. In cells pretreated wit 
InsP}, we observed that Ca”* uptake was induced by the additio 
of ATP, and its subsequent release was induced by 5 uM InsP 
to the same extent as in cells which had not been pretreate 
with InsP; (data not shown); ae that InsP, is reversib] 
washed out. 

We next examined the sied of Shots: irradiation on saponit 
treated macrophages exposed to InsP;~pAB and the subseque1 
release of Ca** (Fig. 3). Saponin-treated cells were incubate 
with 10 uM InsP,;-pAB, pAB or InsP, at 0°C for 1h, and th 
mixtures were photo-irradiated under a Toshiba FL-20E lam 
(A 270-350 nm) for 10 min at 0 °C. Then the reagent (InsP;-pAlI 
pAB or InsP;) was washed out by centrifugation, and the cel 
were assayed for Ca** uptake and subsequent Ca’* releas 
When saponin-treated cells were photo-irradiated witho 
reagents for 10 min at 0°C, the Ca** uptake was inhibited b 
~66% compared with the control (that is, the amount of Ca’ 
stored in non-photo-irradiated cells, 2.2 nmol per 4x 10° cel 
was reduced to 1.46 nmol per 4 x 10° photo-irradiated cells). Th 
release of Ca”* induced by 3 yM InsP; in the above cells w: 
also inhibited to a similar degree. Ca** uptake by saponi 
treated photo-irradiated cells was inhibited to a greater exte 
by 10 pM InsP3-pAB, and the subsequent Ca” release induce 
by InsP; was also strikingly inhibited (Fig. 3b). On the oth 
hand, the uptake and release of Ca** in cells which had bee 


_ incubated with 10 uM InsP3;-pAB but not photo-irradiated, we: 


the same as in the control cells. However, the Ca’* release wi 
inhibited slightly (Fig. 3a). Celis treated with unmodified Ins] 


Ca? in saponin- treated celis(nmol per 4x10° cells): = I 


addition of ATP (min) 








Fig. 4 Specificity of the irreversible inhibition of Ca?” uptake 
and release in the cells treated with InsP- pAB and i photo-irradi- 
ated. The incubation, photo-irradiation, and Ca** uptake and 
release assays were carried out as described for Fig. 3. The incuba- 
tion medium contained 104M InsP,-pAB (@), InsP,- -pAB plus 
100 uM unmodified InsP, (8), 10M Ins(1 4)P,-pAB (A), or 
none of these (©). Two other experiments gave essentially the 

same results. 


or ‘the same concentration of pAB as that i in InsP;~pAB, and 
photo-irradiated, could accumulate Ca**, and Ca** release 
, duced one InsP, was also observed to the same degree as in 







i Teei in wile plete REN with 
is FP First, competition experiments using 
ü modified InsP, were done. When InsP,-pAB was allowed to 
saponin-treated. macrophages in the presence of an 
xcess of unmodified InsP; (100 pM}: before photo-irradiation, 
ther was no obvious inhibition of. Cat release (Fig. 4). 

h-a slight inhibition of the Ca** uptake was observed, 
ave been the result of InsP, i in the binding medium 
ransferred to the solution for Ca** uptake, because a 
ve high concentration: of InsP, was ‘included in the binding 
medium. Furthermore, we synthesized Ins(1. ,4)P2-pAB, using 
he same method as for the synthesis of InsP,;-pAB. The R; of 
Pe PAB was 0. 43, while that of pe y was 0.26; 13% 
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as by the abonan of Ins(1 4)P,-pAB at "268 nm. 
Although Ca** uptake was slightly inhibited by Ins(1,4)P,-pAB, 
Ca?* release was evident in photo-irradiated cells that had been 
treated with the reagent. 
i “In the present study, we obtained three types of InsP;-pAB 
having. different Re values on cellulose TLC. However, because 











ni ure of the three types and could not, narefors, verify the 
ite of attachment of pAB to the InsP, molecule. InsP;-pAB 
mete irreversible e inhibition of Ca“ he and ‘release | in 















Fig.3 Effect on Ca** uptake and release of photo-irradiation of 
cells treated with InsP,;-pAB. a, No photo-irradiation; b, photo- — 
irradiated. The incubation medium contained either InsP,-pAB | 
(@), pAB (A), InsP,(MB), or none of these (©). The data are 
representative of at least nine experiments. : 
Methods: Saponin-treated macrophages (2x 10’ cells) were incu- < 
bated in 1 ml of a solution containing 0.1 M KCI, 20 mM imidazole- < 
HCI (pH 6.8), 1mM MgCl, and 1 mM EGTA, with or without 
InsP, pAB or InsP;~pAB (at a concentration of 10 pM} for th 
at 0°C. The mixture was then transferred to a Lab-Tek. tissu 
culture chamber (4802; Miles). and. photo-irradiated. unde 
Toshiba FL-20E lamp (wavelength 270-350 nm)-at a distanc 
10 cm, for 10 min at 0°C. Because the cells have high absorban 
Lab-Tek tissue culture chambers (4802) were used to ascertain th 
photolysis. Using the chambers, the thickness of the mixture (1 r 
was remarkably reduced to 1-2 mm!*. To assay for Cat. uptaki 
and release, the mixture was washed twice with a solution contain-. 
ing 0.1M KCI and 20 mM: Tris-maleate: {pH 6.8) to remove the. 
reagent, and finally suspended in 1 ml of the solution. Ca** uptake: 
and release were assayed as described i in the legends to Figs 1, 2. : 
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indicates that InsP, can bind irreversibly to the binding site on 
the InsP,-sensitive Ca** pool in macrophages. | 
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The cellular site of synthesis of factor VIII (FVII:C; anti- 
haemophilic factor) has long been sought’. Previous studies sug- 
gested the liver as a major site of synthesis, but extrahepatic 
sources such as spleen and lung have been implicated**. Using 
an immunoradiometric assay (IRMA), we recently localized factor 
VIII antigen (FVIII: Ag, formerly FVIII: CAg), to whole perfused 
guinea pig liver and spleen, and to isolated hepatocytes, with lesser 
or trace amounts in other tissues’. Using an immunohistological 
technique, Stel et al.* detected FVIII: Ag in normal human liver 
sinusoidal endothelial cells, while Exner et al.” detected FVIII: Ag 
by IRMA in extracts of human lymph nodes, lung, liver and spleen. 
The localization of antigen in tissues does not, however, distinguish 
sites of factor VIII synthesis from those of storage, and such 
experiments are subject to misinterpretation due to entrapment of 
plasma factor VIII in tissues. The recent cloning of the human 
factor VIII gene’™'? provides hybridization probes for the detec- 
tion of factor VIII messenger RNA in cells, thus directly determin- 
ing sites of synthesis. During complementary DNA cloning, we 
detected factor VIII mRNA in liver'’, and it has been localized 
by others in liver and placenta’? and in liver and kidney’’. In the 
present study, we detected factor VIII mRNA in isolated human 
hepatocytes, in spleen and in numerous tissues including lymph 
nodes and kidney, but not in white blood cells or cultured 
endothelial cells. We also found that the factor VIII, factor VII, 
factor IX and protein C antigens in liver are predominantly local- 
ized in hepatocytes, while very little von Willebrand factor antigen 
(vWF: Ag, formerly FVIIIRAg) is detectable in this organ. 
Normal human tissues were obtained from organ donors and 
were immediately preserved in liquid nitrogen for RNA prepar- 
ation'*'*, Liver cell suspensions were prepared from fresh tissue, 
and hepatocyte and sinusoidal cell fractions were isolated 
(Fig. 1). Endothelial cells were cultured from human umbilical 
veins'® and were provided by David Stern. Haemophilic tissue 
samples were obtained at splenectomy for idiopathic throm- 
bocytopenic purpura (spleens); 1h postmortem (liver); and 
from an 18-week-old fetus (liver, brain, heart and placenta). 
The various cell types were tested for the presence of factor 
VIII mRNA by Northern blot hybridization" and RNase protec- 
tion mapping'*"'°, using the cloned factor VIII gene'™™'' as the 
source of probes. We had previously used the RNase mapping 
technique to determine the 5’ start site of factor VIII mRNA 
derived from human liver and AL-7 hybridoma cells''. In our 
hands, the RNase mapping procedure was more sensitive than 
Northern blotting, and therefore served as our primary method 
of RNA detection. For these experiments, **P-labelled anti- 
message-strand RNA was synthesized from a 1.2-kilobase (kb) 
Sst! fragment of the human genome spanning the 5’ end of the 
factor VIII gene''. On annealing to samples containing factor 
VIII mRNA and after digestion by single-strand-specific 
nuclease RNase A and T1, this probe is reduced to a fragment 
of 185 bases and a weaker 187-base species, which serve to map 
the S’ end of factor VIII mRNA (Fig. 2a)''. To further verify 
our results, many of the RNA samples were also subjected to 
RNase mapping with probes synthesized from the middle (exon 
14) and 3’ end (exon 26) of the factor VIII gene (examples in 
Fig. 2b), and to Northern blot analysis (not shown). In each 
case, bands of the predicted size were observed (see Table 1). 
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Fig. 1 Electron microscopic sections of human hepatocyte (a) 
and sinusoidal cell (b) fractions showing an endothelial cell (E) 
and Kupffer cells (K). Normal human liver was obtained from 
organ donors. Unfrozen peripheral wedge-shaped slices were 
rapidly perfused through large vessels on their cut surface with a 
Ca?*-free Hank's balanced salt solution (HBSS) at 37 °C to remove 
blood, and were further perfused with HBSS buffer containing 
0.05% collagenase at 37 °C for 20 min. The disaggregated liver cell 
suspensions were separated by differential centrifugation into 
hepatocyte and sinusoidal (endothelial plus Kupffer) cell frac- 
tions’. To overcome contamination of the sinusoidal cell fraction 
by hepatocytes, this fraction was further treated with pronase. 
Following this, the ‘hepatocyte’ fraction contained 84% 
hepatocytes and 16% sinusoidal cells; the ‘sinusoidal’ fraction 
contained no hepatocytes, 85% sinusoidal cells and 15% debris, 
classified according to electron microscopic morphology of 100 
cells per fraction. 


Factor VIII mRNA was detected primarily in whole normal 
liver and isolated hepatocytes, in spleen and lymph nodes, and 
in lesser amounts in pancreas, kidney, muscle and placenta 
(Fig. 2, Table 1). Significantly, factor VIII mRNA was not detec- 
ted in bone marrow, peripheral blood lymphocytes or buffy coat 
white blood cell preparations. The negative results with circulat- 
ing blood cells serve as a control against a spurious signal in 
liver or spleen tissue deriving from trapped blood cells. Factor 
VIII mRNA was detected in two continuous cell lines: low 
concentrations were present in the hepatocyte-derived Alexan- 
der cells, and more substantial quantities were found in the 
human T-cell hybridoma line AL-7 (ref. 10). (AL-7 cells were 
the source of the RNA used in the cloning of factor VIII cDNA; 
however, we detected no factor VIII mRNA in several additional 
T- and B-cell hybridomas or in various leukaemia-derived cell 
lines'®. A detectable signal was not seen with Alexander cells 
when RNA from a preparation of poorer quality was used'’.) 
Note that neither factor VIII activity nor FVIII:Ag could be 
convincingly detected in supernatants of AL-7 or Alexander 
cells; this probably reflects the greater sensitivity of the RNA 
detection methods, although we cannot exclude the possibility 
that these cells synthesize factor VIII mRNA, but do not secrete 
the protein. 

To further localize the cellular sites of synthesis, we estimatec 
the levels of factor VIII mRNA and antigen in separated live 
hepatocyte and sinusoidal cell fractions. While both factor VII 
mRNA and antigen were readily detectable in hepatocytes, onl) 
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Table 1 Factor VIII mRNA in human tissues and cells 





Factor Factor 
Vill Haemophilic VIII 
Tissue/cell mRNA tissue mRNA 
Whole liver ++ Liver, Case 1 ++ 
Hepatocyte fraction + Spleen, Case 1 ++ 
Sinusoidal fraction - Spleen, Case 2 -= 
Spleen ++ 
Lymph node +++ Fetal heart ++ 
AL-7 cell line ++ Fetal liver + 
Pancreas + Fetal lung ~ 
Kidney + Fetal brain - 
Alexander cell line* + 
Placenta (full term) + 
Muscle + 
Thymus - 
Bone marrow - 
Peripheral lymphocytes - 
Buffy coat - 
Endothelial cellst ~ 
U937 cells - 


SE eee ee ee eee 

The results of RNase mapping experiments (Fig. 2) are tabulated, 
with positive results for factor VIII mRNA scored as + for lowest and 
+++ for highest signal intensity. 

* Human hepatoma, ATCC CRL 8024. 

+ Human umbilical vein endothelial cells at low passage, either with 
or without endotoxin stimulation. 


t Human histiocytic lymphoma with monocyte-like morphology, 
ATCC CRL 1593. 


trace amounts of FVIII: Ag and no mRNA were detected in the 
sinusoidal cells (Fig. 2a, lanes 6, 27, 28 and Fig. 3b). (Low levels 
of factor VIII mRNA in sinusoidal cells could have escaped 
detection due to the small amounts of RNA recovered from this 
liver cell fraction.) Although low-level synthesis in the sinusoidal 
cells is not ruled out, it cannot be quantitatively significant in 
maintaining plasma factor VIII activity. 

Figure 2 also includes RNA derived from spleen and liver of 
two patients with severe haemophilia A and from a haemophilic 
fetus. Factor VIII mRNA is present at apparently normal levels 
in all these tissue samples, suggesting that their particular 
haemophilic phenotype is not due to defective RNA transcrip- 
tion or stability. By analogy to the genetic defects observed in 
thalassaemia, it is reasonable to postulate that haemophilia may 
be caused by various molecular defects affecting RNA or protein 
production and maturation. Thus, in only some cases of 
haemophilia would the absence of factor VIII mRNA be 
expected. 

Estimates of mRNA levels were obtained by comparing the 
autoradiographic signal intensity of protected factor VIII bands 
and of RNase-protected bands using dilutions of human liver 
RNA and a radiolabelled serum albumin probe. The extremely 
low levels of circulating factor VIII (200 ng mi~’ or ~10°°M 
of serum albumin) are reflected in the levels of MRNA. Based 
on reported levels of serum albumin mRNA (7% of human liver 
poly(A)* RNA”), factor VIII mRNA accounts for ~0.001% of 
liver, spleen and AL-7 hybridoma cell poly(A)” RNA. A some- 
what higher mRNA level was seen in the single para-aortic 
lymph node that we examined. In a previous report’, we noted 
-omparable amounts of FVIII: Ag per gram of liver and spleen 
issue. Because of relative organ size, however, about 5-10 times 
nore factor VIII might be synthesized in liver than in spleen. 

Figure 3a demonstrates the presence of readily detectable 
quantities of the antigens of the vitamin K-dependent factors 
VII, IX and protein C in perfused whole liver. A significant but 
esser quantity of factor VIII antigen, and only negligible quan- 
ities of von Willebrand factor, were detected. After cell separ- 
ition (Fig. 3b) there was variable recovery of antigen; neverthe- 
ess, it is clear that all four detectable antigens (IX, VII, protein 
Z and VIII) were predominantly localized in the hepatocyte 
fraction, with negligible or only background quantities in the 
‘inusoidal cell fraction. vWF: Ag was not detected in either cell 
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Fig. 2 Detection of factor VIII mRNA by RNase protection map- 
ping. Autoradiographs of 6% polyacrylamide/7M urea gels are 
shown. a, A uniformly labelled, anti-sense RNA probe was synthe- 
sized from a 1.2-kb Sst! fragment of genomic DNA containing the 
initial portions of the factor VIII coding region (exon 1) and 5’ 
flanking sequences''. Following hybridization of the labelled probe 
to sample RNA, digestion with single-strand-specific RNase yiel- 
ded 185- and 187-base fragments (marked by arrow) containing 
the 5' end of the factor VIII message. Lanes 1, 2, a known DNA 
sequencing ladder used as a size standard. Lanes 3-34, the results 
of RNase protection reactions containing ~10 pg per lane (unless 
otherwise noted) of unlabelled cell and tissue poly(A)* RNA (all 
cells were of non-haemophilic adult human origin unless otherwise 
noted): lane 3, AL-7 hybridoma cells; 4, liver sample 1; 5, liver 
sample 2; 6, isolated hepatocytes; 7, haemophilic liver; 8, 
haemophilic spleen 1; 9, haemophilic spleen 2; 10, spleen 1; 11, 
spleen 2; 12, buffy coat white blood cells; 13, mouse T-lymphoma 
cell line S49 (control); 14, no RNA (control); 15, thymus; 16, U937 
‘monocyte-like’ cell line; 17, placenta; 18, lymph node; 19, buffy 
coat cells (sample 2); 20, peripheral blood lymphocytes; 21, liver 
sample 3, 22, unbilical vein endothelial cells (endotoxin-stimu- 
lated); 23, umbilical vein endothelial cells (unstimulated); 24, 
kidney; 25, pancreas; 26, bone marrow; 27, isolated sinusoidal 
endothelial cells (~3 ug); 28, isolated hepatcoytes; 29, Alexander 
hepatoma cells; 30, muscle; 31, haemophilic fetal heart; 32, 
haemophilic fetal brain; 33, haemophilic fetal lung; 34, 
haemophilic fetal liver. Overexposures to detect faint signals led 
to the appearance of incomplete digestion products smaller than 
185 bases in some lanes. b, Examples of RNase protection mapping 
performed as in a but with RNA probes prepared from two different 
regions of the factor VIII gene. In lanes 1-7, a labelled, anti-sense 
RNA probe of 490 bases was synthesized from a 270-base Xmnl 
fragment containing exon 14 (plus vector sequences), which pro- 
tects a 270-base fragment (marked by arrow) of factor VIII RNA 
from appropriate cells. Lanes 8 and 9 are examples of results 
obtained with a 420-base probe synthesized from a 211-base 
BamHI fragment containing exon 26 (plus vector sequences), 
which protects a 211-base fragment (arrow) in preparations from 
cells producing factor VIII RNA. Sources of poly(A)* RNA 
(10 ug) are: 1, liver; 2, buffy coat cells; 3, U937 cells; 4, isolated 
hepatocytes; 5, spleen; 6, lymph node (2 ug); 7, no RNA (control); 
8, buffy coat cells; 9, liver. RNA was prepared as described else- 
where'*:'*, The genomic factor VIII fragments’! were ligated into 
pSP64 and **P-RNA probes were synthesized as described pre- 
viously'*'*, For detailed reaction procedures see ref. 11. 


fraction. Von Willebrand factor is known to be synthesized by 
vascular endothelial cells*' but is clearly not localized in hepatic 
endothelial cells, which are morphologically different from their 
vascular counterparts. Localization of the vitamin K-dependent 
factor antigens (IX, VII and protein C) to the hepatocyte fraction 


confirms and extends previous studies**** and lends credence — 


to the factor VIII data. The varying levels of antigen in whole 
liver presumably reflect varying rates of synthesis and export. 
Factor VII has the shortest half-life of the factors and may be 
rapidly exported from the hepatocyte. 
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- Fig.3 Localization of coagulation protein antigens in homogen- 

“uized human liver (a) and in isolated liver cell fractions (b), Each 
value represents the mean+s.e.m. of three samples from different 
-© donors. Aliquots of human liver were perfused with HBSS buffer 
and homogenized with protease inhibitors’. Isolated liver cell 
suspensions were obtained as described in Fig.1 legend, and 
homogenized, Coagulation protein antigens from whole and iso- 
ated. liver cells were measured in the supernatants by sensitive 
radiometric assays: factor IX (1X)°**, factor VII (VII)*’, protein C 
(PC's, factor VIL (VIII), and von Willebrand factor (VWF)*. 
Antigens are expressed as units per g wet weight of whole liver or 
-isolated cells, One unit is the quantity of antigen present in 1 mi 
of pooled normal plasma (n20) for each protein. 


"The vitamin K-dependent factors are synthesized exclusively 
in the liver and by macrophages, in contrast to factor VIH, for 
«which many extra-hepatic sites are identified here—this may 
account for the relatively lower concentration of FVIII: Ag 
found in whole liver. The data presented here demonstrate the 
localization of FVIII: Ag and mRNA to whole human liver, 
spleen and isolated hepatocytes, confirming a previous study in 
` guinea pigs’. In addition, by detecting factor VHI mRNA, we 
have shown that although factor VIII is synthesized mainly i in 
‘the liver, spleen and lymph nodes, synthesis also occurs in many 
extra-hepatic sites in the adult and in the fetus. Furthermore, 
_ the predominant liver cell responsible for synthesis is the 
< hepatocyte. This result is in contrast to those of Stel et al. # who 
reported localization of FVIII: Ag to sinusoidal endothelial cells 
only; this may have been an artefact of their immunohistological 
shniques, or due to storage of the antigen in sinusoidal 
othelial cells (liver lipase, for example, is manufactured in 
patocytes and stored in the sinusoidal cells before release””*). 
The fact that the concentration of factor VIII does not 
crease in human chronic liver disease has led to the belief 
“the. hepatocyte is not the site of factor VIII synthesis. 
ever, :many factors other than synthesis are abnormal in 
ját ch as catabolism, clearance and the acute-phase 
ponse”. In particular, levels of protein C, a potent inactivator 
or VHI, would diminish with liver dysfunction. After 
lestruction of hepatocytes by toxins in the rat, the con- 
ation of factor VIII fell rapidly’*. From the results reported 
it is now reasonably certain that the hepatocyte is a major 
i of. plasma factor VIII but that extra-hepatic sites of 
also exist, The specific cell type(s) producing factor 
ues remains uncertain. An attractive hypothesis 
t he endothelial cell, a universally distributed cell 
alieady known to produce von Willebrand factor, is respon- 
le. However, previous studies?” >! failed to detect factor 
VHT: Ag or coagulant activity in umbilical vein endothelial cells. 
‘In this study no factor VIII in RNA could be detected in these 
ils either with or without endotoxin stimulation. (Low levels 
of apparent factor VIII-bypassing activity, that is, factor IXa- 
mediated factor X activation, have been observed in endotoxin- 
- stimulated endothelial cells; D. Stern, personal communication.) 
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cord may produce factor VIII. ee aa oe : 
The results we have obtained for distribution of factor VIL 
mRNA in tissues broadly a agree with the distribution of- 
FVIII: Ag reported previously”? and do not correlate directly E 
with vascularity (for example, lymph nodes were more strongly. 
positive for factor VIII mRNA than kidney) but rather suggest _ 
that a range of differentiated cell types produce factor VHI. It 
may be that widespread production of this unstable co-factor: 
for intrinsic pathway coagulation is essential to protect many- 
organs from internal haemorrhage. Haemophiliacs freqently“ 
bleed into their muscles, joints and kidneys. The negative result. 
that we obtained for bone marrow is in accord with the failure : 
of bone marrow transplantation to correct canine haemophilia”. : 
However, the finding of factor VIH mRNA in lymphoid tissue : 
agrees with transplantation $ studies showing correction of canine - 
haemophilia by such tissue*’. That the cell type in lymph nodes“ 
and spleen which produces relatively large amounts of factor 
VIII mRNA may be a differentiated lymphoid cell calls to mind 
the case of a haemophilic patient who developed acute lymphatic. 
leukaemia’. When the leukaemia presented, the concentration. 
of factor VIL in the patient rose to normal levels, but declined: 
to zero on remission. In a subsequent relapse the factor VIII 
level again rose. It therefore seems worth directing future efforts | 
at precisely locating extra-hepatic sites of factor VIII synthesis : 
towards lymphoreticular cell lines and other organ-specific 4 
differentiated cell types. : 
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normal human livers, Peter Jones (Newcastle Royal Infirmary), 
Reuben Mibashan (King’ s College Hospital), and Bradford 
Baer, Patrick Gray, Axel Ullrich, David Martin, and Lloyd 
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was obtained 1 h postmortem; it had been the patient’s express 
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The umbilical vein endothelial cells were provided by David 
Stern of Columbia University, who we also thank for permission 
to include his unpublished results. Dr Alan Payne and Mr R. 
Legge of the MRC Toxicology Unit, Carshalton, assisted in 
setting up the liver perfusion technique: Jeanne Arch and Alane 
Gray assisted in preparing the manuscript and figures. D.K. and 
J.A.S. were supported by the Wellcome Trust. Speywood 
Laboratories and Genentech, Inc. provided financial assistance. 
Note added in proof: Recently, haemophilia has been cured in 
a human patient by transplantation of a normal liver*', thus 
dramatically confirming our main conclusion. i 
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Factor VIII is generally believed to circulate in blood as a multi- 
meric complex of two glycoproteins which are physiologically and 
immunologically distinct. One component of the factor VIII com- 
plex is factor VIII procoagulant activity (FVIII: C) which is associ- 
ated with factor VIII/procoagulant antigen (FVIII: Ag, formerly 
FVIII/CAg). The second, larger unit of the complex is factor 
VIII/von Willebrand factor (vWF:Ag, formerly factor VIII- 
related antigen or FVIIIRAg). FVIII:C has anti-haemophilic 


Fig. 1 Protein A-gold labelling of thin sections 
of human liver prepared for electron microscopy 
in Lowicry! K4M and incubated with CLB- 
CAg A antibody. Scale bars represent 0.4 um. a, 
Immunolabelling of rough endoplasmic 
reticulum of hepatocytes, showing the 
mithochondria (M). Note that the label accur- 
ately delineates the ribosomes (arrows). b, Labell- 
ing of the total Golgi apparatus (GA). 
Immunoreactive material is present throughout 
all the cisternae. c, Specific staining of the 
vacuoles (V). The density of label within the same 
vacuole is not uniform. The bile capillary duct 
(B) does not show any labelling. d, Extracellular 
labelling between the microvilli of hepatocytes 
(H) and endothelial cells (E) of the sinusoid (S). 
e, Negative control, comprising section of liver 
from a haemophilic patient. 

Methods. Small blocks of liver tissue were fixed 
immediately after biopsy in phosphate-buffered 
1% glutaraldehyde pH 7.4, for 1 h at 20 °C. Dehy- 
dration through an ethanol series at 0°C, —5°C 
and —20 °C, and infiltration with Lowicryl K4M, 
were done according to the manufacturer's rec- 
ommendation (J.B.E.M., Canada). Polymeriz- 
ation was carried out under ultraviolet light 
(365 nm) at —20°C for 48 h, then at room tem- 
perature for 24h. The sections were cut with a 
glass knife and processed as follows for protein 
A-gold labelling on 300-mesh nickel grids carry- 
ing carbon-coated Formvar. The grids were 
floated on drops of phosphate-buffered saline 
(PBS) pH7.4 for Smin at room temperature, 
transfered to CLB-CAg A monoclonal antibody 
(freeze-dried ascitic fluid, 60 ug mi~") diluted in 
PBS, and then maintained at 4 °C in a humidified 
chamber for 24h. They were then jet-washed in 
PBS and floated on the protein A-gold solution 
(diluted 1:7 with PBS) containing 0.5 mg ml"! 
polyethylene glycol (relative molecular mass 
20,000) for 1 h at room temperature, followed by 
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activity and is defective or deficient in patients with classical 
haemophilia, and vWF: Ag is absent in patients with von Wille- 
brand disease’, FVIII:Ag was demonstrated recently in 
endothelial cells lining hepatic sinusoids, by using 
immunoperoxidase staining and light microscopy**, whereas bio- 
chemical data had indicated its presence predominantly in the 
hepatocyte fractions and in lesser amounts in endothelial cells®”. 
Moreover, recent hybridization experiments detected FVIII:C 
messenger RNA in liver and kidney’ tissues. Despite several 
efforts, the cells responsible for FVIII: C synthesis have not been 
unequivocally identified. Here we use protein A-gold complex 
labelling to demonstrate the ultrastructural localization of 
FVIII: C in human liver cells; the results indicate that hepatocytes 
may synthesize FVIII: Ag. 

Studies were performed with previously described CLB- 
CAg A monoclonal antibody specific for FVIII: Ag*'®. Human 
liver biopsy tissue was obtained from seven young patients with 
no significant liver disease and from one haemophilic patient. 
After biopsy, the liver tissues were immediately fixed and pro- 
cessed for low-temperature embedding in Lowicryl K4M resin 
according to the procedure''’* described in Fig. 1 legend. 

In normal liver sections incubated with CLB-CA,A then 
treated with protein A-gold complex, immunoreactive sites were 
found in all hepatocytes and sinusoidal endothelial cells 
examined. Within the hepatocytes, gold particles were observed 
on the attached ribosomes segregated in the rough endoplasmic 
reticulum (RER). In the same hepatocytes we observed totally 
labelled, partially labelled and unlabelled cisternae. 
Immunolabelled RER often delinated the mitochondria 
(Fig. la). Immunoreactive material was also observed within 
the saccuoles and on the membranes of the Golgi apparatus 





further extensive jet-washing in PBS and finally distilled water. The grids were subsequently counterstained with aqueous uranyl acetate for 
10 min. Control tests, neither of which gave specific protein A-gold labelling, involved omission of anti-FVIII: Ag antibody and preabsorption 


of anti-FVIII: AgA antibodies with normal human plasma. 
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RER GA VO M SER 
ig. 2 Intensities of labelling of different compartments of the 
epatocytes. N, Monoclonal antibody CLB-CAg A followed by 
‘otein A-gold complex; O, CLB-CAg A preabsorbed with normal 
‘aman plasma and followed. by protein A-gold. RER, rough endo- 
Perne reticulum; GA, Golgi apparatus; V, vacuole; M, mitochon- 
dria; SER, smooth endoplasmic reticulum. 





: (Fig. 1b) as well as in vacuoles (Fig. 1c). There were no cases 
© of FVIII: Ag localization limited either to the RER or Golgi 
- apparatus alone, within the same cell. Negligible labelling was 
<. found on the membranes of smooth (agranular) endoplasmic 
“reticulum (SER), mitochondria or nuclei. Immunolabelling of 
sinusoidal endothelial cells is shown in Fig. 1d. 
As a specific control for our studies, we performed the follow- 
ing tests. (1) Immunolabelling with CLB-CAg A antibody preab- 
sorbed with a haemophilic plasma; no abrogation of the labelling 
was observed. (2) Immunolabelling with the same antibody 
preabsorbed witha normal human plasma. (3) Incubation with 
protein A-gold. complex, alone. In the last two controls, the 
! -density of gold particles was very low. Parallel experiments 
using CLB-CAg A antibody on liver sections of a haemophilic 
"patient did not reveal any positive reaction (Fig. 1e). The results 
of these experiments are summarized in Fig. 2. 
To confirm the validity of our results, a positive control was 
Included. Liver sections were incubated with CLB-RAg35 anti- 
„body specific for VWF: Ag’’, then treated with protein A-gold 
complex; the localization of vWF: Ag in sinusoidal endothelial 
cells, as demonstrated previously by light and electron micro- 
-scopy ™™, was confirmed. No vWF:Ag was observed in 
5 hepatocytes. 
«Light microscopic studies*” using C LB- CAg A antibody have 
_ shown the presence of FVIII:Ag in the hepatic sinusoidal 
endothelial cells, suggesting that these cells are responsible for 
synthesis of the procagulant antigen**. However, the results of 
- ‘biochemical studies suggested that the major site of synthesis 
of factor VIII procoagulant protein is within hepatocytes’. 
-o As we have observed the specific labelling of FVIII: Ag in 
ee the rough endoplasmic reticulum of hepatocytes, where protein 
y synthesis is known to occur, we suggest that hepatocytes are 
“largely responsible for FVIII: Ag synthesis. After synthesis 
(Fig. la), FVII: Ag is transferred from the RER to the Golgi 
“apparatus, where is possibly glycosylated’, then transported to 
the secretory vacuoles (Fig. 1c) and finally discharged, by 
exocytosis, into. the sinusoidal lumen and/or up taken by 
sndothelial cells where it may be stored. — 
Immuno-ultrastructural studies have been used previously to 
calize factor VIII-related antigen’® 4 but not, to our knowl- 
edge,- factor VII “procoagulant antigen. Here, ultrastructural 
nolocal m allowed us to detect FVIII:Ag in the 
erent comp rtments of hepatocytes and to localize the poss- 
site of FVII: Ag: ynthesis. The demonstration of the pres- 
1 the rough endoplasmic reticulum of 
| icilitate further studies on factor VII pro- 
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An old puzzle in protein biochemistry’ concerns the ready conver- 
sion of ovalbumin, by proteolysis, to the much more stable deriva- 
tive, plakalbumin. Ovalbumin is now known to belong to the serpin 
superfamily”, most of which are serine proteinase inhibitors. We 
report here studies of two such members of the family, the human _ 
plasma proteins a,-antitrypsin and antithrombin, and show that 
they undergo a similar change in stability on selective proteolysis. 
This change, which is accompanied by a loss of inhibitory activity, 
can best be considered as an irreversible molecular transition from 
a native stressed (S) conformation, to a more ordered relaxed (R) 
form. The maintenance of the native S conformation, and hence 
the maintenance of inhibitory activity, is critically dependent on 
the integrity of an exposed loop of polypeptide. We propose that 
the susceptibility of this peptide loop to proteolytic cleavage gives 
it an incidental role as a physiological switch which allows the 
inactivation of individual inhibitors by specific proteolysis. The 
vulnerability of this exposed loop in each inhibitor also explains 
the pathological action of a number of venoms and toxins. In 
particular, the demonstration here of the cleavage of antithrombin, 
by leukocyte elastase, explains an observed change in blood coagu- 
lation that accompanies severe inflammation and which can result 

in fatal thrombosis. 

The proposed S to R conformational change is based on the 
structure of a,-antitrypsin, determined by Lébermann et al", 
who were able to crystallize the proteolytically cleaved R form 
of the inhibitor. R a,-antitrypsin has a highly ordered structure, 
and to reconstruct the native S form of the molecule, a- strand 
has to be extracted from the centre of a B-sheet, as shown: 
diagrammatically in Fig. 1. It was predicted that this shift of the 
strand from a position in which it forms extensive hydrogen. 
bonds to that of the exposed loop in the S structure, would. 
cause a decrease in molecular stability. We have confirmed this 
change in stability in the experiments detailed in Fig. 2. Human 
æ- -antitrypsin was catalytically cleaved at its reactive centre by 
papain, and human antithrombin was similarly cleaved near its- 
reactive centre by human neutrophil elastase (Fig. 1). The site- 
and completeness of cleavage were confirmed by SDS- polyacryl- 
amide gel electrophoresis (SDS-PAGE) and automated amino- 
terminal sequencing”. The stability of the native (S) and cleaved: 
(R) inhibitors was determined by heating at a range of tem- 
peratures for up to 4h. Heat- precipitated protein was: cen- 

trifuged out and the remainder in solution was measured by 
electroimmunoassay. Over 50% of native antithrombin and a,-. 
antitrypsin precipitated after 2h at 60°C, but no precipitation 
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pital, Christchurch, New Zealand. 
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“l Fig. 1 a, The structure of the serpins is based on R a,-antitrypsin 
_. which is formed by cleavage at the reactive centre, Met 358. To 
econstruct the native S structure (b), a strand comprising residues 
"342-358 has to be removed from the centre of a B-sheet to give 
an exposed stressed loop. The sequence of this loop (c) provides 
accessible cleavage points for catalytic inactivation of the inhibitors 
y snake venom (Cr) and bacterial proteases (PsAe, Sma; see 
below). Antithrombin has a hydrophobic ‘switch sequence’ (boxed) 
which is susceptible to catalytic cleavage by human: neutrophil 
lastase allowing physiological inactivation of inhibitory activity. 
-Antitrypsin i is not subject to catalytic cleavage by elastase even 
n the Pittsburgh mutant which has no elastase inhibitory activity. 
, papain’; S, subtilisin’, E, pancreatic elastase®, HNE, human 
neutrophil elastase; Cr, proteinase II of Crotalus adamanteus 
venom’; Sma, metalloproteinase | of Serratia marcescens”°, Psae, 
: Pseudomonas aeruginosa elastase’’. The cleavage of antithrombin 
> by neutrophil elastase was confirmed by sequenator analysis which 
gave equal yields of new N-terminals Ala-Gly-Arg-Ser ... and 
as {le-Ala-~-Gly-Arg-Ser, continued to 8-12 cycles. 




















occurred with the cleaved inhibitors in the same conditions. 
-Cleaved a; -antitrypsin showed no precipitation until after incu- 
bation for 2h at 80°C and even at 95°C some 85% remained 
in solution after 2 h. 

This striking increase in stability following catalytic cleavage 
was immediately reminiscent of the results of Linderstrom-Lang 
and Otteson®’ with ovalbumin, nearly 40 years ago; they 
observed that subtilisin cleaved ovalbumin at what we now know 
to be sites homologous to the proposed loop sequence of the 

other serpins (Fig. 1). The consequent derivative, plakalbumin, 
had quite different properties; in particular, it had a 16-fold 
increase in solubility in ammonium sulphate, and formed crys- 
tals of different structure from those of ovalbumin. These and 
subsequent’ observations with ovalbumin, together with our 
“own with antithrombin and a,-antitrypsin, suggest that an S> R 
transition may be a general means of inactivation of the serpins. 

If evolution has conserved this S(active) > R(inactive) confor- 

mational change i in these inhibitors, has it also provided specific 
cleavage points in the exposed peptide loop to trigger the transi- 
‘tion? To test this notion, we examined the inactivation of anti- 
thrombin by neutrophil elastase. This choice of inhibitor and 
enzyme was based on the observation’ that blood coagulation 
is altered in inflammation due to the inactivation of antithrombin 
by proteases released by neutrophil leukocytes. Isolated human 
antithrombin was incubated at 37 °C, in the absence of heparin, 
-with human neutrophil elastase, enzyme/inhibitor 1:100(w/w) 
(see Fig. 2 legend). Sequential samples were removed and the 
thrombin inhibitory activity determined (Table 1). Complete 
‘loss of inhibitory activity occurred within 5 min. Automated 
‘amino-terminal sequencing for eight cycles showed that the 
neutrophil elastase had cleaved the antithrombin at a hydro- 
shobic sequence Val-Val-Ile-Ala in the exposed loop just pre- 
` ceding the reactive centre (Fig. 1). To test whether the corre- 
-sponding site in a,-antitrypsin, Leu-Glu-Ala-Ile, was similarly 
„susceptible to catalytic cleavage by elastase, we used the reactive- 
-centre mutant?’ @,-antitrypsin Pittsburgh 358 (Met > Arg). This 
human variant has lost the ability to inhibit porcine pancreatic 
elastase but is a highly effective inhibitor of thrombin. Table 1 
shows the results of incubation of antithrombin and a,-anti- 
trypsin Pittsburgh with porcine pancreatic elastase (conditions 
as described for neutrophil elastase). There was an immediate 
loss of inhibitory activity of antithrombin but no loss of activity 
of a,-antitrypsin Pittsburgh. As with the other experiments, 
specificity of cleavage was monitored by SDS-PAGE. 
_ The finding of an elastase cleavage site present in antithrombin 
but absent from a,-antitrypsin, supports the proposal that the 
exposed loop preceding the reactive centre has been utilized by 






evolution as a switch to allow specific inactivation. The con- 


clusion that antithrombin is catalytically inactivated by 
‘neutrophil elastase agrees with other recent findings'» +2 of a 
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Fig. 2 Solubility of native and specifically cleaved inhibitors on 
prolonged heating. (The apparent increase in concentration above 
100% of the cleaved inhibitors is.due to evaporation.) Cleavage: 
4mg of purified a,-antitrypsin was. dissolved in phosphate- 
buffered saline pH 6.1 containing 2 mM cysteine; 20 ul of papain 
(Sigma P3125, 28 mg ml~') was added and the mixture was incu- =o 
bated at 37 °C. Samples were taken at 5-min intervals and elastase- 
inhibitory activity assayed: using- succinyl-(1-alanyl),-p-__ ie 
nitroanilide. When. 80% had been inactivated the reaction was ` 
stopped by adding excess iodoacetamide (5 mg) and the pH was 
adjusted to 8 with 0.5 M NaHCO,. SDS-PAGE was performed to 
determine extent of cleavage near the active site. Purified anti- 
thrombin was similarly cleaved with human neutrophil elastase 
(1: 100 enzyme/ inhibitor). Antithrombin activity was determined 
in the presence of heparin by adding excess thrombin and assaying ` 
residual thrombin activity. with tosyl-Gly-Pro-Arg-p- nitroanilide 
acetate, The reactio ed by adding purified human a,- ~ 
bility: 50 pl of solution (0.1 mg - 
Ll of 0.75 M Tris-glycine-phos-. 
ntrifuge tube, which was placed 
vere taken at 20-min intervals. 
inhibitor concentration determined i 
t elect : ro SHENBADOASSAY, 
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series of botol ‘mechanisms: ‘that alter proteolysis at an 
inflammatory site. A central event i in inflammation is the release 
by neutrophil leukocytes. of both elastase and oxygen radical: 
The oxygen radicals have a limited radius of activity but withi 
that neous ee Peann oxidize me methionine at the reactive 
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Table 1 Per cent thrombin inhibitory activity after exposure to protease 


ni 


Minutes: 0 5 20 40 90 
Antithrombin + 

neutrophil elastase 100% Nil sa sete a 
Antithrombin + 


pancreatic elastase 100% Nil a — —— 


Antitrypsin Pittsburgh + 


pancreatic elastase” 100% 96% 99% 100% 88% 





* Elastase activity checked at 0 and 90 min. 


with an S- R inactivation of inhibitors, provides a molecular 
“explanation for the observed modification of the proteolytic 
cascades, such as coagulation and the complement system, that 
-occur locally in inflammation. 
-The localized modification of coagulation is a physiological 
process but it becomes pathological when ‘massive leukocyte 
“activity occurs, as in septicaemia or endotoxaemia. In these 
circumstances a significant loss of circulatory antithrombin can 
-occur and life is threatened by intravascular coagulation and 
‘thrombus “formation’. The results reported here provide 
encouragement for the prospect of treating-these diseases. The 
antithrombin analogue, a,-antitrypsin Pittsburgh, is now being 
produced, using recombinant DNA techniques, by Escherichia 
coli and yeast", Given intravenously, this engineered a- 
-antitrypsin should provide an effective replacement for anti- 
thrombin’ and will have the added advantage over the natural 
antithrombin that it is not susceptible to an elastase-catalysed 
-SR inactivation. 
~The concept we propose, of inactivation of the serpins trig- 
-gered by proteolysis of an exposed loop, is also in accord with 
_ the findings of others'”””® to explain the action of a number of 
= venoms, bacterial toxins, and endogenous metalloproteinases*. 
As illustrated in Fig. 1, these include proteases which give 
specific cleavage within the loop sequence with consequent 
< inactivation of inhibitors. 
c The general occurrence of an S> R transformation in the 
-= serpins also raises interesting possibilities for the control of 
other facets of their function. For example, one member of the 
family is angiotensinogen*', which has a key physiological role 
-as the source of the peptides angiotensin I and H which control 
blood pressure. Angiotensinogen, however, is not, as far as is 
-> known, a protease inhibitor—so why retain this complex tertiary 
-structure as a source of a 10-residue amino-terminal peptide? 
One possibility is that the SR transformation provides an 
_additional level of control by aneng access to, or release of, 
“these terminal peptides. | 
=> This work was supported by the MRC of New Zealand. We 
-thank Dr John Walker for the sequenator analyses. 
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Pre-mRNA splicing has been shown to occur by a two-step path- 
way™?, In the first stage, the pre-mRNA is cleaved at the 5’ splice 
site, generating the first exon RNA species and an RNA species 
composed of the intron and second exon (IVSi-exon 2 RNA 
species). In the second stage, cleavage at the 3’ splice site and 
ligation of the exons occurs, resulting in the excision of the intact 
intron. The excised intron and IVS1-exon 2 RNA species are in 
the form of a lariat in which the 5’ end of the intron is joined to 
an adenosine residue near the 3’ end of the intron by a 2-5 
phosphodiester bond'~*. Here we show that although cleavage at 
the 3’ splice site does not occur until the second stage of the 
splicing reaction, at least a portion of the 3’ splice site consensus 
sequence is necessary for 5’ splice site cleavage and lariat forma- 
tion. Thus, in higher eukaryotes at least three sequence elements 
participate in the initiation of the splicing reaction: the 5’ splice 
site, 3’ splice site consensus sequence and the RNA branchpoint, 

A useful approach for elucidating the mechanism(s) of pre- 
mRNA splicing has been to analyse the processing of RNA 
substrates containing naturally occurring or in ‘vitro-generated 
mutations. Mutations in the 3’ splice consensus sequence, which 
includes the polypyrimidine tract and AG dinucleotide at the 
3' splice junction’, can decrease or eliminate the production of 
accurately spliced RNA in vivo*. However, the intermediates 
and products generated in vivo from pre-mRNAs containing 
mutations within the 3’ splice site consensus have not been 
characterized. Thus, the specific step(s) in the splicing pathway 
involving the 3° splice site consensus sequence remains 
unknown. By characterizing the RNA processing products and 
intermediates generated from mutant RNA substrates in vitro, 
we have found that sequences at the 3’ end of [VS1 are required 
for 5’ splice site cleavage and lariat formation. While this work 
was in preparation a similar conclusion was reached based on 
the analysis of a B-thalassaemia deletion mutant’. 

To determine whether the 5’ splice site 1s cleaved in the absence 
of the branchpoint sequence and/or 3’ splice site, the in vitro — 
processing of several ‘run-off’ SP6/B-globin RNA substrates 
was examined (Fig. la). Accurate cleavage at the 5S’ splice site 
generates an RNA species composed solely of the first exon 
(155 RNA species). The 155.RNA species is generated from the 
normal (NL) SP6/ B-globin pre-mRNA (NL/BH1, Fig. 1a) and 
from an SP6/8-globin transcript that contains exon 1, IVS1, 
and only 12 nucleotides (nt) of exon 2 (NL/Accl, Fig. 1a). 
However, when an RNA substrate lacking both the authentic _ 
branchpoint sequence and 3’ splice site (NL-X/ Xball; Fig. ta) y 
is processed under the standard in vitro splicing conditions"! n 
the 155 RNA species cannot be detected. Thus, the presence of os 
an intact, normal 5’ splice site is not sufficient for 5’ splice site- 
cleavage. To test whether the 5’ splice site and branchpoint - 
sequence are together sufficient for 5’ splice site cleavage, the 
LRX2/Xbal RNA substrate, which contains the 5’ splice site .. 
and authentic branchpoint but completely lacks the 3’ splice © 





RNA species is not detectable (Fig. 1a). L 

The results obtained using the RNA substrates ted a 
within IVS1 were confirmed by analysing an RNA substrate n 
derived from a deletion mutant lacking the 16 nt at the 3’ end- 
of IVS1 and the first 7 nt of exon 2 (SP6/H6*""*°). This RNA — 
substrate also does not undergo detectable 5’ splice site cleavage’. 
in vitro (Fig. 1b). Taken together, these and other results (see. 
below) demonstrate that all or part of the 3’ splice site consensus 
sequence is required for 5’ splice site cleavage and lariat for- 
mation. 
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NL/BHI  NL/Acci Nt-X/Xbal LRX2/xXbal 
m O 2 a'o 2 ao 2 4o 2 a! 


NL/BHI 
NL/Acc | 
NL-X/Xbal 
LRX2/Xba | 


LETTERS TONATURE 


SP6/H8^^*S/BHI 
O0 2 4 


m 


NL ÅCTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAG/octocroorsot 


SP6/HB? ACTCTCTCTGCCTATTGGTCT coonioodnrök 


Fig. 1 The 3' splice site consensus sequence is required for 5' splice site cleavage and lariat formation. a, The various **P-labelled SP6/8-globin 
RNA substrates (the first two exons and IVS1 of the human 8-globin gene) were synthesized, processed in vitro, and the **P-RNA products 
fractionated by electrophoresis on a denaturing 5% polyacrylamide gel and detected by autoradiography''”''. The names of the RNA substrates 
are indicated at the top. The restriction site at which the RNA substrate is terminated is indicated following the slash. The in vitro splicing 
reactions were terminated at the times (h) indicated at the top of each lane. Lane M, *’P-labelled markers of Mspl-digested pBR322 DNA. 
The structures of the various RNA processing products are indicated on the left. Boxes represent exons. Lines represent introns. 1 and 2 and 
exons | and 2, respectively. Below the autoradiogram the structure of the normal SP6/B-globin RNA is illustrated diagrammatically. Boxes, 
exons; lines, intron. The adenosine residue at which the RNA branch forms is shown and indicated by an asterisk. The structures of the 
various ‘run-off’ RNA substrates are shown below the diagram. The expected, discrete IVS1-exon 2 lariat RNA product generated from the 
NL/Accl RNA substrate is not observed in this experiment because the intact RNA species is partially degraded by a 3' exonuclease activity 
in the extract'* and is therefore heterogeneous. Furthermore, a major form of this RNA product co-migrates in this gel with the 155 RNA 
species. b, As in a. The expected position of the 155 first exon RNA species is indicated. Below the autoradiogram the relevant sequences of 
the normal (NL) and IVS1 3’ deletion mutant (SP6/H$*""*°) are shown. The adenosine residue at which the RNA branch forms is shown 
and indicated by a star. IVS1 sequences, large letters; exon 2 sequences, small letters. KpnI linker sequences are shown as underlined small 
letters. The deletion is indicated by the gap. 

Methods. Synthesis and in vitro processing of SP6/B-globin transcripts was as described previously':'®''. The NL and NL-X constructs have 
been described previously''. In the NL-X construct, an XbaI linker has been inserted 15 nt upstream of the adenosine at which RNA branch 
formation occurs in the normal B-globin gene. The linker-replacement mutant LRX2 was derived by recombining appropriate deletion mutants 
from the previously described Bal31 deletion series''. The LRX2 mutant contains an XbaI linker (CTCTAGAG) in place of the sequences 
normally present 21-26 nt upstream from the 3’ splice site. SP6/HB*"’*° was constructed by cleavage of the human f-globin gene at the 
Msi II site (position +268)'*° followed by limited treatment with Bal31 nuclease and addition of a KpnI linker (CGGTACCG) at the deletion 

end-point, The sequences of all mutants were confirmed by DNA sequence analysis’ ’. 


To delineate the functional element(s) within the 3’ splice site 
consensus sequence’, the in vitro processing of RNA substrates 
containing alterations in either the polypyrimidine tract or AG 
dinucleotide was analysed. First, a mutant was constructed in 
which the 4 nt at the 3’ end of IVS1, including the AG dinucleo- 
tide at the splice junction, are deleted (SP6/HB**®; Fig. 2a). 
In vitro processing of the SP6/HB**°/BHI RNA substrate 
produces a clearly detectable 155 RNA species and IVS1-exon 2 
lariat RNA; however, based on the levels of these RNA species, 
the efficiency of 5’ splice site cleavage and lariat formation is 
reduced in the mutant compared with the normal RNA substrate 
(Fig. 2a). As expected, accurately spliced RNA and the excised 
IVS1 cannot be detected by electrophoretic fractionation of the 
**P-RNA products (Fig.2a) or primer extension (data not 
shown). Thus, the AG dinucleotide at the 3' splice site is 
necessary for the production of accurately spliced RNA but not 
for 5’ splice site cleavage. This result confirms and extends a 
recent report that the AG dinucleotide can be mutated to GG 
without abolishing the 5’ splice site cleavage reaction’. 

Although unnecessary for 5’ splice site cleavage, the AG 
dinucleotide could affect the position of RNA branch formation. 
Primer extension of an RNA lariat results in a discrete com- 


plementary DNA product due to blockage of reverse transcrip- 
tase by the RNA branch", The IVS1-exon 2 RNA species 
from the NL/BHI pre-mRNA gives rise to a 102-nt primer 
extension product (Fig.26). The IVSl-exon 2 RNA species 
from the SP6/HB*“°/ BHI RNA substrate gives rise to a 98-nt 
primer extension product, indicating that the RNA branch is at 
the same adenosine residue as in the normal IVS1-exon 2 RNA 
species; the sizes of the two primer extension products differ by 
4 nt due to the 4-nt deletion in SP6/H6**°. Thus, although in 
higher eukaryotes RNA branches form at adenosine residues 
located relatively close to the 3’ end of the intron'**"’, the AG 
dinucleotide at the 3’ splice junction is not required for utiliz- 
ation of the authentic branchpoint. 

These results do not rule out the possible requirement for the 
presence of any AG dinucleotide located downstream of the 
branchpoint (for example, in exon 2) for 5’ splice site cleavage 
and lariat formation. To examine this possibility, a KpnI linker 
(CGGTACCG) was inserted between the polypyrimidine tract 
and AG dinucleotide at the 3’ splice junction (NL3’K; Fig. 3). 
An RNA substrate terminated at the KpnI site of NL3'K is 
cleaved at the 5’ splice site and uses the authentic branchpoint 
in vitro (data not shown), indicating that 5’ splice site cleavage 
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a NL/BHI SP6/H8°“ BHI 
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On. 
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i NL ACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAG 0¢ \ucfo0ra0" 


GCTGCTGGTGS! 


SP6/HA’ ACTCTCTCTGCCTATTGGTCTATTTTCCCACCC: 


Fig. 2 The AG dinucleotide at 


e The AGc M NL SPeHe*”” 
the 3’ splice site is not required 


_ for 5’ splice site cleavage and mw- 

lariat formation. a, As in the è = 
A legend to Fig. 1. b, The IVS1- kepar 
: exon 2 lariat RNA species gen- Aa â 


-i erated from the NL/BHI and 
- §P6/HB**°/BHI RNA sub- 
| strates were purified and ana- NL ( \ 
lysed by primer extension using —tmc| 2 | 
a ™P-end-labelled synthetic +19 
oligonucleotide homologous to m © 
+318 to +337 of the human £- A: 
globin gene’. Lane M, ~*P- | G 
y labelled markers of Mspl- Rr 68 —{2] 
digested pBR322 DNA. The +19 
> structures of the RNA species 
"ial and a diagram of the primer extension products are shown below 
the autoradiogram. The position of the *’P-end label is indicated 
by an asterisk. 
Methods. Primer extension analysis was performed as described 
previously''', SP6/HB*“° was derived from an unpublished 
linker-replacement mutant (LRX4) in which the sequences 
CTTAGG at the 3’ splice site have been replaced by the Xbal 
linker CTCTAGAG. SP6/HB*“° was derived by cleavage of LRX4 
with Xbal followed by treatment with mung-bean nuclease and 
intra-molecular ligation. 
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= and lariat formation can occur in the complete absence of an 
_ AG dinucleotide downstream from the branchpoint. 

Finally, we examined the role of the polypyrimidine tract in 
= the 5’ splice site cleavage reaction. The construct SP6/ Hp?" 
= contains the splice junction AG dinucleotide and all downstream 
~ sequences, but lacks 14 nt of the original 17-nt polypyrimidine 
~ tract (Fig. 3). In vitro processing of the control RNA substrate 
= (NL3'K/BHI) results in efficient 5’ splice site cleavage as well 
~ aş accurate splicing to the AG dinucleotide (Fig. 3 and data not 
shown). Compared with the NL3’K/BHI RNA substrate, the 
efficiency of 5’ splice site cleavage of the SP6/H6°""/BHI RNA 
= substrate is drastically reduced (Fig. 3). This result directly 
= demonstrates that the polypyrimidine tract is an important 
= sequence element for 5’ splice site cleavage and lariat formation. 
3 The results from these studies indicate that in higher eukary- 
otes 5’ splice site cleavage and lariat formation is dependent 
upon the 3’ splice site consensus sequence. Moreover, the poly- 
pyrimidine tract appears to be a more essential component than 
-= the AG dinucleotide, although both sequence elements are prob- 
7 = ably necessary for maximal efficiency. The requirement for the 
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ÅCTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTcocmccoTAG6croctoates 


NL3'K 


costaccoT AGiac taciaa'a 


SP6/Hp°"’ ACTCTCTCTGCCTATTGGTCT 


Fig. 3 The polypyrimidine tract is required for efficient 5’ splice 
site cleavage and lariat formation. As in the legend to Fig. 1. 
Although not visible in this autoradiogram, small amounts of the 
155 RNA species can be detected following long autoradiographic 
exposures. 

Methods. NL3’K was constructed by adding a KpnI linker 
(CGGTACCG) to the blunt-ended MstII site at position +268 of 
the human -globin gene. SP6/HB*"* was constructed by replacing 
the Kpnl- BamHI fragment (+268-+477) of SP6HB*"”*® (Fig. 1) 

with the corresponding Kpnl- BamHI fragment of NL3‘K. 


3’ splice site consensus sequence in the 5’ splice site cleavage 
reaction is somewhat surprising since 5’ splice site cleavage 
precedes 3’ splice site cleavage'”'®'*. The most likely interpreta- 
tion of this result is that in higher eukaryotes a factor involved 
in 5' splice site cleavage and lariat formation associates with 
the pre-mRNA by recognition of the 3’ splice site consensus 
sequence. In this regard, we have recently shown that a factor(s) 
associates with the RNA branchpoint early during pre-mRNA 
splicing. Moreover, this branch point-factor(s) interaction is 
dependent upon the presence of the 3’ splice site consensus 
sequence'*, The accompanying manuscript'* demonstrates that 
in contrast to higher eukaryotes, in yeast, the 3’ splice site 
consensus sequence is not required for efficient 5’ splice site 
cleavage and lariat formation. 

We thank Peggy Bledsoe for technical assistance and J. Lillie 
and A. Bindereif for critical comments. B.R. was supported by 
an NIH predoctoral training grant. This work was supported 
by a grant from the NIH to M.R.G. 
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of messenger RNA splicing in yeast and in metazoa has 
the identification of an RNA molecule in a lariat conforma- 
structure has been found as an mRNA splicing intermedi- 
te in vitro™ and identical molecules have been identified in 
ariat formation involves cleavage of the precursor at the 
lice site (5’ SS) and the formation of a X= " phosphodiester 
bond between the guanosine residue at the 5’ end of the intron 
and an adenosine within the intron’. The yeast branchpoint is 
_ located within the absolutely conserved TACTAAC box (that is, 
_ the last A of the TACTAAC box is the site of formation of the 
-2'5 phosy hodiester bond with the 5’ end of the intron)” t. 
M oreover, efficient 5' SS cleavage and lariat formation require 
_ proper sequences at the 5’ splice junction and within the TACTAAC 
box’. Here we demonstrate that 5’ SS cleavage and lariat 
- formation take place in vitro in the absence of the 3’ SS and much 
of the 3’ junction. These results are discussed in light of possible 
differences between yeast and metazoan mRNA splicing. 
A pre-mRNA splicing substrate was prepared as described in 
. Fig. 1 legend. To truncate this RNA, segments of the precursor 
were removed using an RNase H activity and three synthetic 
DNA oligonucleotides complementary to the fusion transcript 
(Fig. 1). Conveniently, the source of the RNase H activity was 
the yeast splicing extract itself'>'*, as we discovered that the 
_ addition of a complementary oligonucleotide to the precursor 
_ RNA and the splicing extract results in ATP-independent site- 
_ Specific cleavage of the RNA (Fig. 2). Comparison of the RNA 
fragments generated in the yeast extract with those generated 
with purified Escherichia coli RNase H shows that both enzy- 
„matic activities have similar specificities (Fig. 2). The absence 
_ Of the 3’ half of the molecule after incubation in the yeast extract 
-is probably due to the presence of a > exonuclease in the yeast 
extract. Presumably, degradation of the 5’ half of the molecule 
-is blocked by the cap structure. 
© SP6/RP51AA2 precursor RNA is efficiently spliced in the 
yeast extract in the presence of ATP (ref. 15 and Fig. 3a, b). 
The addition of oligonucleotide RB1 to the precursor RNA and 
-extract reduces the length of the 3’ exon from 320 nucleotides 
(nt) to 10 nt but does not alter the fidelity or extent of the splicing 
reaction (Fig. 2c,d). The excised intron and 5’ exon (whose 
sizes are independent of the 3’ exon) are in similar amounts to 
‘When full-length precurosr RNA is used as the splicing substrate. 
‘mRNA, 87 nt in length, and the lariat intermediate, which 
igrates with a relative molecular mass of 192 nt, are likewise 
ent in amounts and proportions similar to the control reac- 
Fig. 3b). E pe 
fiously published observations have demonstrated the 
ity for a functional TACTAAC box to obtain cleavage at 
SS’. Consistent with these experiments, separation of 


on from the TACTAAC box wi 

























visible. | 
. The entire 3’ exon and approximately 15-22 nt from the 3’ 
end of the intron are removed by incubation of the 
SP6/RP51AA2 precursor RNA with the RB23 oligonucleotide 
(Figs 1, 4). With the addition of ATP to this. reaction, 5’ SS 
cleavage and lariat formation (150-nt species) occur normally 
(Fig. 3g, h}. Since there is neither a 3’ SS nor a 3’ exon, the lariat 
and the 5’ exon are the expected terminal products of this 
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TACLAACAAGTTGAATTGCATTTACAAACTTTTTATIII 


Fig. 1 Pre-mRNA splicing substrate. Hatched lines represent th 
5 exon {77 nt) and 3° exon (320 nt) and ‘the open box represents 
the yeast SP6/rp51AA2 intron (137 nt). The positions of hybridiz- 
ation of the synthetic oligonucleotides relative to the 5’ splice site 
(S'SS), 3’ splice site (3'SS) and the TACTAAC box are indicated © 
by the heavy lines beneath the gene. The lengths in nucleotides of 
precursor RNAs, prepared either directly as a runoff product of 
this gene or by further truncation using the RNase H activity. 
described in the text, are indicated at the right. The sequence of 
the 3’ end of this intron, from the TACTAAC box to the 3’ splice 
site, is given below. The TACTAAC box and the sequence com- 
plementary to the RB23 oligonucleotide are underlined. ye 
Method. The construction of plasmid pHZA2 and its Sp6 derivative n 
is described elsewhere!5, SP6 polymerase was used to transcribe: 
in vitro the intron-containing SP6/RP51AA2 fusion gene!?-'5.. 
Transcription of this gene, terminated at the unique EcoRI site of 
the plasmid, generates a 5634-nt run-off product. Although much 
of the wild-type intron has been deleted from this plasmid, the 
remaining sequences are sufficient, in vive and in vitro, for eficient 
and accurate splicing’ ?", 


reaction. To demonstrate that the 3’ splice site does not partici» 

pate in an early (before RNase H cleavage) ATP-independent 
event necessary for lariat formation, the RB23-truncated precur- 
sor was gel purified and demonstrated to be an equally good 
substrate for 5’ SS cleavage and lariat formation (data not 
shown). | | nee 
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Fig. 2. Comparison of RNA fragments in yeast extract with those 
generated with E. coli RNase H. Lane a, undigested precursor 
DNA. Lanes b, d, f, E. coli RNase H digestion of RB1, RB23 and 
RB27, respectively. Lanes c, e, g, yeast RNase H digestion of RBI, 
RB23 and RB27, respectively. Sizes (in nucleotides) are indicated 
on the left. Arrows on the right indicate the products resulting 
from digestion with the yeast RNase H activity. 

Methods. °2P-labelled RNA was synthesized and gel-purified as 
described previously’. RNA was hybridized to synthetic DNA 
oligonucleotides and digested with E. coli RNase H using condi- 
tions suggested by the supplier (Bethesda Research Laboratories) 
or was hybridized with the oligonucleotides in an 8-pl reaction 
containing 3.1mM MgCl), 3.8% PEG 6000, 75mM KHPO,, 
pH 7.0, and 0.25 ug of oligonucleotide at 65 °C for 5 min then at 
25°C for 15 min after which 2! of yeast extract (prepared as 
described in refs 13, 14) was added and the incubation continued 
for 10 min at 25°C. All the samples were deproteinized with pro- 
teinase K (0.4yg ml™' in 100mM Tris pH 7.5, 2.5mM EDTA, 
150mM NaCl, 1% SDS), phenol extracted, precipitated with 
ethanol, and analysed on an 8% 8M urea acrylamide gel as 

described elsewhere’®. 


length precursor RNA molecules accumulate at the expense of 
molecules cut at the 5’ SS’. 


Finally, and most interestingly, our results indicate that some 


ap and perhaps all of the 3’ splice junction sequences play little or 
no part in the initial events of in vitro splicing, that is, intron 


recognition, 5’ SS cleavage and lariat formation. Although the 
3' junction, other than the terminal AG, is somewhat ill-defined 
in yeast’, our results show that the removal of approximately 
18 (range 15-22) nt of RNA from the 3’ end of the intron does 


not significantly impair 5’ SS cleavage and lariat formation. 


Removal of a comparable number of nucleotides from the 3’ 


= SS junction of mammalian introns profoundly inhibits 5’ SS 





p- cleavage and lariat formation (ref.17 and accompanying 


paper'*). While the efficiency of lariat formation is influenced 


_ by the sequence context surrounding the TACTAAC box", it 


is likely that the observed spatial arrangement in yeast (that is, 


the fact that the 3’ SS is 8-56 nt downstream of the TACTAAC 
box”) primarily reflects a dependence of 3’ cleavage and perhaps 


exon ligation on the proximity of the branchpoint position. This 
interpretation is further supported by our observation that the 
insertion of 78 nt between the TACTAAC box and the 3’ SS (at 
position —25 from the 3’ SS) does not markedly inhibit 5’ SS 
cleavage and lariat formation (data not shown). 

A comparison of these results with other relevant experiments 
underscores the notion that substantial differences may exist 
between yeast and metazoan splicing. In yeast, the RNA branch 
always forms at the last A of the TACTAAC box". In metazoa, 
no TACTAAC box exists and the RNA branch forms at more 
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Fig. 3 RNA was prepared as described in Fig. 1. After RNase H 
digestion, splicing was initiated by the addition of ATP to a final 
concentration of 4mM. The splicing reactions were incubated at 
25°C for 10 min, and the RNA analysed as in Fig. 2. Lanes a, c, 
e and g represent full-length precursor RNA and RBI-, RB27- 
and RB23-truncated precursors, respectively. Adjacent lanes, b, d, 
f and h, represent the splicing products generated from each 
precursor after the addition of ATP. Indicated are the measured 
values, in nucleotides, of the mobilities of the intermediates and 
products of the splicing reaction relative to denatured DNA stan- 
dards. The arrows indicate the positions of the relevant RNA 
species in each reaction. These are, from top to bottom: lane b, 
lariat-intermediate (700 nt), precursor (534), mRNA (397), excised 
intron (182) and 5' exon (77); lane d, RB1-truncated precursor 
(224), lariat-intermediate (192), excised intron (182), mRNA (87) 
and 5' exon (77); lane f, RB27-truncated precursor (97); lane h, 
RB23-truncated precursor (187), lariat-intermediate (150), and 5’ 
exon (77). 


variable sequences'*'”"'*?°. Indeed, in a HeLa cell extract the 
branchpoint of SP6/RPS1AA2 forms 19 nt downstream of the 
TACTAAC box’. These experiments are consistent with the 
notion that the assignment of the branchpoint position in meta- 
zoa is determined in part by sequence (for example, ref. 21) 
and in part by distance from the 3’ SS; recent experiments 


abe 


366 Fig. 4 Lariat molecules generated 
298 from the splicing of RB23-trun- 
cated precursor RNA were purified 
220 from an 8% polyacrylamide gel. A 
portion of the sample was treated 
with a HeLa cell extract containing 
a debranching (2’-S'’ phos- 
phodiesterase) activity, as 
described previously'®. Lane a 
contains untreated RB23-truncated 
lariats, lane b contains debranched 
lariats and lane c contains 
denatured DNA relative molecular 
mass standards. 
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gest that the polypyrimidine stretch is a key portion of the 
intron for branchpoint placement'”'®. All of these consider- 
ions predict that in yeast a factor involved in lariat formation 
SS cleavage) may associate with the TACTAAC box 
dently of recognition of the 3’ SS. Recognition of the 
anchpoint position, that is, the TACTAAC box, may 
serve to identify the 3’ splice junction (as originally sug- 
sted by Langford and Gallwitz’). 
We thank J. Abelson for providing the yeast splicing extract 
protocol before publication, C. Pikielny for providing 
sP6/RPS1AA2 and the extract used in these studies, B. Ruskin 
or help with fingerprint analysis, and M. Green and H. Colot 
r helpful comments. This work was supported by NIH grant 
-GM23549 and an NIH postdoctoral fellowship to B.C. 
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‘Paraneoplastic myasthenic syndrome 
IgG inhibits “Ca” flux 
in a human small cell carcinoma line 
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Certain cancers exert unexplained remote effects on the nervous 
‘system’. Small cell carcinoma (SCC) of the lung, a tumour capable 
of spike electrogenesis* and which is of possible neural crest 
origin’, is present in ~70% of patients with the Lambert-Eaton 
myasthenic syndrome (LEMS)‘, a disorder characterized by fati- 
gable muscle weakness. Patients with this syndrome have a defect 
se (Ca”*-dependent) quantal release of acetylcholine from 
erve terminals evoked by a nerve impulse or by high K* 
), and a decreased number of presynaptic active zone parti- 
The physiological and morphological features of the syn- 
me can be transferred to mice by the patients’ IgG, consistent 
h an autoantibody interfering with the function of voltage- 
dependent Ca’™* channels™™®. Here we demonstrate that K*- 
induced “Ca’* flux in a cultured human SCC line is significantly 
reduced by LEMS IgG, suggesting that in SCC-LEMS an autoan- 
tibody to tumour Ca**-channel determinants is triggered; its cross- 
réaction with similar determinants at the motor nerve terminal 
could lead to the remote neurological syndrome. 
Ca** flux was investigated in the SCC cell line Mar, derived 
by Dr Morag Ellison (Ludwig Institute for Cancer Research, 
ndon) from SCC tumour material obtained from a patient 
ho was not reported to have had neurological symptoms''. 
s cell line has the same lineage as Mar 27, which shows 
ding, by immunofluorescence, with UJ13A, a monoclonal — 
specific for determinants of neuroectodermal origin. 
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Fig. 1 K*-stimulated *Ca?* flux into human SCC (Mar) cells, — 
Cells were kept in continuous culture in Dulbecco’s minimal essen- ee 
tial medium with 10% fetal calf serum at 37°C. The cells grew in 
non-adherent clusters which were subcultured every 7 days after. E 
disaggregation in versene (0.02% EDTA in phosphate-buffered aS 
saline). For experimental use, cells were disaggregated using 0:1% 
trypsin in versene to obtain single-cell suspensions. The reaction ©. 
was stopped by adding culture medium; cells were then centrifuged 
(1,100r.p.m. for 7min) and resuspended in pre-oxygenated Ae 
HEPES-~-Locke buffer (144 mM NaCl, 2.7 mM KCI; 1.8 mM CaGh o> 
1.8mM MgCi,, 5mM glucose, 10mM HEPES, pH 7.2) to give q 
final cell concentration of 30-40 x 10° cells ml~'. Ca?* flux into | 
these cells was measured by a rapid centrifugation method: at time- . 
zero, 100-ul aliquots were incubated in tubes containing 250 pl a 
HEPES-Locke buffer, or K*-modified HEPES-Locke buffer (KCI 
substituted for NaCl on an equimolar basis), and 25 pl “CaCl, 
(~225,000 d.p.m.). This gave a final concentration of 10’ cells mi! 
and a final specific activity of ~200 pCi *°Ca’* per mmol Cat. 
At 30s, triplicate 100-yl aliquots were rapidly transferred to pre- 
pared tubes containing 500 pl Ca**-free HEPES-Locke buffer with 
additional tI mM EGTA (to chelate all extracellular calcium) . 
layered above 700 ul of an oil mixture (5: 1 Dow-Corning 550/ light 
liquid paraffin). The density of the oil was such that cells could 
be spun through it to form a pellet. The tubes were centrifuged __ 
for 1 min at 11,000g, and flash-frozen in. liquid nitrogen. The tip 
of each tube was cut off, and the pellet solubilized in 0.5% Triton 
X-100 and counted in an LKB Ultrabeta 8-counter using a xylene- 
based scintillation fluid. Flux at the different K* concentrations is 
expressed as 10°” mol Ca*” per 10° cells (mean +s.e.m. of triplicate _ 
determinations). 


The cells have been in continuous culture in our laboratory for. 
21 months; they grow in clumps typical of SCC cell lines'?, and 
contain neurosecretory granules. a 
The Mar cells exhibited a K*-dependent increase in Ca?" flux- 
(Fig. 1) which could be inhibited by D600 (methoxyverapamil) 
and nifedipine, ligands that block voltage-dependent Ca?" chan- 
nels". Levels of inhibition were similar using either 96 or 56 mM 
K* to depolarize (Fig. 2); Ca?* flux at 2.7 mM K* (resting flux) 
was not inhibitable by these ligands, indicating that flux at this 
K* concentration was not mediated by voltage-dependent Ca2* 
channels. Resting flux was not inhibited either by the competitive 
antagonists’? cobalt (3x 107° M) and manganese (1x 10> M), 
inhibition being 8% and 0% respectively, or by the N a”-channe 
antagonist tetrodotoxin (3 x 107” M; inhibition 0% ). By contrast, 
K*-stimulated flux was inhibited both by cobalt (100% at 56- 
and 96 mM) and manganese (100% at 56mM and 93% at. 
96mM) but not by tetrodotoxin (6% at 56mM and 0% at 
96mM). The mouse myeloma line P3-NS1-Ag4-1 was studied 
as a negative control; no stimulated flux was seen at K* con- 
centrations up to 96 mM. The resting flux was not inhibited by 
D600 (data not shown). aa. 
These experiments established that the SCC cell line Ma 
expressed voltage-dependent Ca** channels compara 
pharmacological characteristics to those studied in the clon: 
nerve cell line PC12 (refs 14, 15). Similar obser 


made in another SCC cell line, U CH-SC 1 (derived by D 
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Fig. 2. Inhibitory effect of Ca?*-channel antagonists on K”-stimu- 
lated “*Ca?* flux in SCC (Mar) cells. Single-cell suspensions (30- 
40x 10° cells ml7!) were incubated with increasing concentrations 
of nifedipine (MB) or D600 (@) at K* concentrations of 56 mM (a) 
and 96mM (b) in modified HEPES-Locke buffer (see Fig. 1 
< Jegend). The stimulated flux was calculated by subtracting the flux 
: at 2.7 mM K* from that occurring at 56 mM and 96 mM K*, and 
is expressed as a percentage of the flux obtained in the absence 
of Ca’*-channel antagonists. Results shown are means of triplicate 
determinations. 


- Moss, University College Hospital, London), that had a similar 
„phenotype to Mar; this finding indicates that voltage-dependent 
Ca?” channels are probably a feature of SCC cells. Furthermore, 
physiological studies have shown spike electrogenesis in the 
SCC cell line DMS 53 which could be blocked by 4 mM MnCl), 
‘demonstrating its Ca’* dependence”®. 
- To investigate the effects of LEMS antibodies on *Ca** flux, 
IgG was prepared as described previously”? from the plasma 
of 10 patients with typical clinical and electrophysiological 
features of LEMS”; five patients had histological evidence of 
< SCC. Control IgG was obtained from the plasma of four healthy 
laboratory workers, two patients with myasthenia gravis, one 
patient with the Guillain-Barré syndrome, a patient with chronic 
progressive inflammatory neuropathy and one patient with SCC 
ithout LEMS. Mar cells were cultured for 7 days in the presence 
of IgG at 4mg ml”, a concentration known to be effective in 
ive for transferring the physiological features of LEMS to mice. 
re 3 shows the stimulated Ca’* flux at 96mM K*, each 
representing one individual; qualitatively similar results 
obtained at 56mM K* (data not shown). 
contr gated cells showed a nonsignificant increase 
| ompared with untreated cells. By contrast, 
ated cells showed a highly significant de- 
K*-stimulated “°Ca”* flux compared with untreated 
0.005) or with cells grown in control IgG (P < 0.001, 
nt’s two-tailed t-test). IgG from LEMS patients without 
nt carcinoma was almost as effective in reducing K*- 
ted Ca** flux as that from SCC-LEMS patients, the mean 
e.) being 0.405+0.065 and 0.3464 0.059 x 107” mol 
s respectively. There was no significant 
flux between the groups. Results in a further 
eriment using a LEMS IgG preparation showed that the 
ition of stimulated flux was proportional to the concentra- 
of IgG in the medium. Thus, whereas IgG at 4 mg mio! 
‘inhibited stimulated flux (96 mM K*) by 68%, concentrations 
of 0.83 and 0.41 mg ml”! inhibited flux by 56% and 18% respec- 
“tively. 
‘The interference with K*-stimulated “*Ca** flux by LEMS 
‘IgG indicates an action on voltage-dependent Ca** channels 
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Fig. 3 Effects of LEMS IgG and control IgG on 96 mM K*- 
stimulated “°Ca?* flux in SCC (Mar) cells. In each experiment, 

five separate sets of cells were usually assayed: one set cultured 

in medium alone (©), two sets in control IgG and ‘two sets in 
LEMS IgG. Control IgG was obtained from healthy laboratory 
workers (©), neurological controls (see text) (V), and a SCC eB 
patient without LEMS (A). LEMS IgG was obtained from patients 
with associated SCC (A) or with no tumour evident (@). Stimulated 
flux (mean of triplicate determinations) was calculated as for Fig. 2. 


and is consistent with the physiological effects of LEMS IgG. 
passively transferred to mice which suggest a 40% decrease in 
functional Ca’* channels at the nerve terminal’. The mode of 
action of the antibody is uncertain, but direct block of Ca** 
channels seems unlikely as the in vitro physiological effects of 
the antibody on quantal release of acetylcholine appear to 
require more than 2h of incubation”. i 
Susceptibility to the neurological syndrome may be influenced 
by immune response genes. The frequencies of the major His- 
tocompatibility antigen HLA-B8 and of the IgG heavy-chain 
marker Glm(2) are significantly increased in LEMS", but are 
not reported to be increased in SCC per se. The results presented 
here, together with the observation that removal of the tumour. 
may be followed by recovery of the neurological symptoms’, 
suggest that in SCC-associated LEMS the primary autoantibody . 
response is against voltage-dependent Ca** channels on SCC” 
cells. The results support the view that immunological responses 
to surface determinants on tumour cells may underlie other 
‘remote’ neurological syndromes that are-associated with cancer. 
In the LEMS patients without evident tumour, we do not know 
whether the immune response is raised against an occult SCC 
or some other stimulus. AE or ne a 
We thank Dr C.-K. Tse for early assistance, C, Fisher for. 
technical help, Drs M. Ellison and F. Moss for providing Mar 
and UCH-SCI lines, Dr G. Pocock for helpful discuss 
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ported by the MRC and the Thorn Trust. J. 
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The human sex chromosomes share a pair of homologous genes 
which independently encode a cell-surface antigen defined by the 
monoclonal antibody 12E7 (refs 1, 2; see refs 3, 4 for review). 
The X-located homologue, MIC2X, escapes X-inactivation*® and 
the equivalent Y-located locus, MIC2Y, was one of the first genes 
shown to reside on a mammalian Y chromosome’. By using a 
bacterial expression system we have previously cloned a com- 
plementary DNA sequence corresponding to a MIC2 gene and 
have used this probe to show that the MIC2X and MIC2Y loci 
are closely related, if not identical’. Here we report the use of the 
cloned probe to confirm the localization of the MIC2X locus to 
the region Xpter-Xp22.32 (ref. 7) and demonstrate, for the first 
time, that the MIC2Y locus is located on the short arm of the Y 
chromosome in the distal region Ypter-Yp11.2. The MIC2 se- 
quences and the sequences described in the accompanying papers 
by Cooke et al.” and Simmler et al.’ are the first which have been 
shown to be shared by the sex chromosomes in the pairing region. 

The Y chromosome plays a pivotal role in mammalian sex 
determination: its presence is associated with the male 
phenotype’® and its absence results in a female phenotype". 
This chromosomal sex determination requires that the X and Y 
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Fig. 1 Chromosomal localization of genomic sequences reacting 
with pSG1. Lane 1, MOLT-4 (human, XY); 2, GM1416B (human, 
XXXX); 3, OXEN (human XYYYY); 4, HORL9OX (human-mouse 
hybrid, ‘X only"); 5, 1W1-5 (human-mouse hybrid, *Xq only’); 6, 
445 x 393 (human-mouse hybrid, X-Y translocation + autosomes); 
7, AMIR2N (human-mouse hybrid, X-Y  translocation+ 
autosomes); 8, UCLAB2 (human-mouse hybrid, deletion Xpter- 
Xp22.32, + autosomes); 9, 3E7 (human-mouse hybrid, *Y only’); 
10, RAG (mouse); 11, IR (mouse). Four bands (a-d) are visible 
on the original autoradiogram in all positive lanes (1-4 and 9): a, 
c and d, human-specific; b present in some mouse cell lines. 
Relative molecular mass (calculated using HindIIl-cut A stan- 
dards, average of three determinations); a, 15.9 kb; b, 5.8 kb; c 
2.9 kb; d, 0.61 kb. Occasionally a weak band at 3.7 kb is also seen. 
Methods. Isolation and characterization of the pSG1 probe will 
be described in detail elsewhere“. Briefly, the cDNA sequence was 
isolated by screening a @A gt! 1 expression library with the antibody 
12E7. A 1-kilobase (kb) EcoRI insert from a positive clone was 
isolated and subcloned into the vector pUCS8. This clone was named 
pSG1. The insert from pSG1 was isolated, nick-translated to a 
specific activity of ~2x 10° d.p.m. g` and used as a probe on a 
Southern blot. DNA preparation, cleavage with EcoRI, fragment 
separation on a 0.8% agarose gel and transfer to a nitrocellulose 
filter was performed using standard techniques**. The blot was 
hybridized at 42°C for 16h in the presence of 5xSSC, 40% 
formamide and 6% polyethylene glycol and washed to a final 
stringency of 0.1 x SSC at 65 °C. The filter was exposed to Kodak 
XAR 5 film for 7 days at —-70°C (see Table 1 for references and 
details of cell lines.) 


Table 1 Comparison of 12E7 antigen expression and reactivity with pSG1 


Human sex 
Human-mouse hybrid Human autosomes* chromosomes* 
Experiments 
HORLOX (ref. 1) None X 
3E7 (ref. 25) None Y 
1W1-5 (ref. 26) None Xcen-Xqter 
445X393 (ref.2) 2,3, 4, 6, 7, 11, 14, 18, 19,21 Yqter-Yqi1; 
; Xp22.3-Xqter 
AMIR2N (ref. 2) 2, 3, 4, 5, 11, 13, 14, 15, 17, 19, Yqter-Yq21; 
20, 22 Xp22.3-Xqter 
UCLAB2? (ref. 7) 1,-2,:3,.7, 11, 15, 17; 19; 20 Xp22.32-Xqter 
Controls 
OXEN (ref. 27) Human cell line XYYYY 
_GMI1416B Human cell line XXXX 
MOLT4 (ref. 28) Human cell line XY 


RAG (ref. 29) 
IR (ref. 30) 


Mouse cell line 
Mouse cell line 


Cell surface 12E7 


Reaction with antigen expression? 


pSG1 (see c.p.m. bound x 107° (s.d.) 
Fig. 1) 12E7 p3X63Ag8 
+ 24.6(0.9) 0.9(0.3) 
+ 34.6(1.3) 0.6(0.1) 
= 0.8(0.1) 0.6(0.1) 
- 0.4(0.1) 0.4(0.1) 
~ 0.9(0.2) 0.9(0.2) 
= 1.5(0.1) 0.9(0.1) 
+ 39.5(2.4) 1.4(0.4) 
+ 29.7(2.3) 0.9(0.1) 
+ 32.2(0.8) 0.3(0.1) 
- 0.8(0.1) 0.8(0.1) 
- 1.8(0.1) 1.4(0.1) 





Cell line GM1416B was purchased from the Institute for Medical Research, Camden, New Jersey. 
* As determined from a combination of karyotypic and isozyme assays. 
t As determined by indirect radioimmunoassay (see refs 1, 2 for details). P3.X63.AG8 is a class-matched negative-control antibody*'; a positive 


$; 
reaction is arbitrarily regarded as >3 times the control value. Not all the assays were performed at the same time. s.d., Standard deviation. a 
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Fig. 2 a, In situ hybridization of probe pSG1 to normal male chromosomes. b, Grain distribution on the sex 
chromosomes of 50 metaphase spreads after hybridization in situ with pSG1. 

Methods. The cDNA pSG1 probe was nick-translated with 125].dCTP (Amersham) to a specific activity of 
10° d.p.m. ug '. Lymphocytes from a normal male were stimulated with phytohaemagglutinin and cultured for 
72 h before addition of bromodeoxyuridine (200 ug ml~' medium)”. After 16 h the cells were washed, incubated 
in a thymidine-rich medium for a further 6h and harvested for chromosome spreads in a standard manner. 
This technique provides replication-banded chromosomes. Hybridization procedures were essentially as 
described previously. Slides were washed at three different stringencies for 1 h; 0.5 x SSC and 0.2 x SSC at 
60°C, and 2x SSC at 65°C. After development at 4-6 days exposure, slides were stained in Hoechst 33258 
(10 ug ml~', 2x SSC) for 30 min, exposed to a Black-Lite ultraviolet lamp for 1h and stained for 30 min in 
10% Giemsa, pH 6.8. Twenty-three chromosome spreads were scored. Only grains which actually touched 
chromosomes were scored and clusters of grains were scored as a single hybridization event and marked on 
the ideogram (b) as a large dot. The grains scored on the autosomes are at a diploid level, whereas the signal 
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chromosomes are incorporated into different germ cells during 
male meiosis. The human sex chromosomes differ extensively 
-in morphology and in genetic content'’, but meiotic pairing and 
= segregation has been taken to indicate that the sex chromosomes 
still share sequences". This postulated sequence homology 
should reside in the morphological pairing region, which occurs 
between the tip of the X chromosome short arm and the Y 
chromosome short arm'*"'*®. It has also been suggested that 
recombination occurs in the pairing region'*''’ and evidence for 
this hypothesis has been obtained in the mouse'**”. Despite the 
apparently compelling arguments for sequence homology in the 
pairing region, molecular analysis of the human X and Y 
chromosomes has failed to demonstrate this homology”, 
although extensive homologies were found outside the pairing 
region’. 

In a preliminary experiment pSG1 was hybridized to DNA 
samples prepared from different somatic cell hybrids which had 
retained either complete human sex chromosomes or defined 
fragments of human sex chromosomes. At high stringency on 
Southern blots, pSG1 hybridized strongly to human DNA and 
only weakly, or not at all, to mouse DNA. The probe also reacted 
strongly with hybrids which retained complete copies of the 


of the X and of the Y is haploid, 


human X or Y chromosome (Fig. 1, lanes 4, 9). Hybrids which 
retained X chromosomes with terminal short arm deletions failed 
to react with pSG1: the hybrid UCLAB2 (ref. 7) was particularly 
informative; this hybrid lacks the human-specific bands and is 
deleted for the terminal 2 or 3% of the X chromosome, Xpter- 
Xp22.32. The MIC2Y sequences could only be localized to the 
euchromatic part of the Y chromosome, Ypter-Yq11 (Fig. 1, 
lanes 7, 9). In these conditions of high stringency no autosomal 
sequences were detected which cross-reacted with pSG1 (data 
not shown). In all cases complete concordance was seen between 
cell surface 12E7 antigen expression on the hybrid and reactivity 
with the pSG1 probe in the Southern blots (Table 1). The results 
confirm the previous conclusions which relied solely on 
expression of the 12E7 antigen'*”’, 

To localize the genomic MIC2Y sequence and to confirm the 
assignment of MIC2X, the pSG1 probe was hybridized in situ 
to replication-banded metaphase chromosome spreads derived 
from lymphocytes of a normal male. Analysis of the silver-grain 
distribution in 25 cells revealed two major areas of probe 
hybridization, Xp22.2-pter and distal Yp11.2-pter (Fig. 2a). 
10% of all grains were scored in these regions, each comprising 
<0.5% of the haploid human genome. Of the 22 grains scored 









ese regions, 5 were clusters of more than one silver grain; 
this was 50% of all clusters scored. Furthermore, 50 cells were 
scored for labelling of the sex chromosomes only (Fig. 2b). The 
of grains scored on the distal X and Y short arms were 
Of 38 grains scored on the X chromosome, 67% lay in 
nds Xp22.2-pter. On the Y chromosome, 83% of the 29 
scored lay between the short arm telomere and the distal 
of band Yp11.2. | , | 

‘he localization of MIC2 sequences to the distal short arm 
of the Y chromosome and the tip of the X chromosome is the 
t formal demonstration of sequence homology between 
sed loci in the predicted pairing regions. Similar homology 
een obtained by Cooke et al.’ and Simmler et al.” studying 
om sequences isolated from Y chromosome cosmid 
: es. Evidence has been presented that these anonymous 
sequences undergo meiotic exchange between the X and Y 
mosomes. Based on the sequence homology between 
2X and MIC2Y° and the chromosomal. localizations 
described here, we would predict a similar exchange of the 

MIC2 loci. | 
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Expression in plants of a mutant aroA 
gene from Salmonella typhimurium 
_ confers tolerance to glyphosate 
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_The introduction and expression of foreign genes in plants! will 
_adyance our understanding of plant molecular biology and should 
-allow the introduction of new agronomically valuable traits into 
crop plants, The source of potentially useful genes is large (any 
living organism may be a donor), but identification of these genes 
“remains difficult. We present here an example of how a gene for 
herbicide tolerance, an agronomically important trait, can be found 
_ twa bacterium and introduced into plants. The herbicide glyphosate 
Inhibits a metabolic step in the biosynthesis of aromatic compounds 
d the aroA gene encodes the inhibited enzyme in bacteria. 
ierefore, we introduced a mutant allele of this gene that encodes 
nzyme less sensitive to glyphosate into tobacco plants. 
sion of this gene enhanced tolerance to glyphosate in trans- 
N-phosphonomethyiglycine. (glyphosate) is a widely used 
oroad-spectrum herbicide that kills both weed and crop species. 
The cellular target of glyphosate in plants is probably the enzyme 
3-phosphoshikimate 1-carboxyvinyltransferase (also known as 
5-enolphyruvylshikimate 3-phosphate synthase, EC 2.5.1.19; 
EPSP synthase), which catalyses the formation of 5-enol- 
-pyruvylshikimate 3-phosphate from phosphoenolpyruvate and 
shikimate. 3-phosphate*. Inhibition of this step of the shikimate 
pathway causes starvation of aromatic amino acids, accumula- 
tion of shikimate*® and, eventually, cellular death. Tolerance 
‘to. this compound can be mediated by either overproduction of 
the target enzyme”? or by the presence of an altered enzyme’. 
The objective of our present work was to test whether expression 
inp f a gene encoding a glyphosate-resistant EPSP syn- 
ers tolerance to glyphosate. The gene chosen was a 
Hele of the aroA locus of Salmonella. typhimurium? 
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encoding an EPSP synthase in which amino-acid substitution 
of a proline to serine caused a decreased affinity for glyphosate” 
without affecting. the: kinetic efficiency of the enzyme (G.T., 
unpublished observations). We used a T-DNA-based vector to 
express the gene in tobacco. T-DNA isa region of large plasmids, 
termed Ti (tumour-inducing) or Ri (root inducing) plasmids, 
that is transmitted to plant cells on infection by Agrobacterium 
tumefaciens and is stably integrated:into the plant genome. This 
element carries genes that are expressed in the plant cell!', The 
aroA gene of Salmonella has been isolated and sequenced: To 
express it in plants we used two different promoters. In the first 
construct the aroA gene was fused to the transcriptional signals 
from the octopine synthetase gene (ocs)'?, A second hybrid 
gene, mas-aroA, was constructed by fusing the mannopin 
synthase gene (mas) promoter" and the tml'>:' polyadenyla- 


mas~aroA, are described in Fig. 1. These constructs were clones 


Á ocs-eroA | 








mas~aroA 


Fig. 1 Detailed structure of the ocs-aroA (A) and mas-aroA (B) genes. 





ATCCC, c, 5'-untranslated region of aroA'*, sequence GTTTCTGTTTT 




















into intermediary vectors, yielding plasmids pPMG55 and 
pPMG85, respectively (Fig. 2). The latter also contains a mas- 
npt hybrid gene (npt, neomycin phosphotransferase) that allows 
selection of transformed plants by growth on kanamycin’. To 
allow insertion of gcs-aroA and mas-aroA into the plant 
genome, pPMG55 and pPMG85 were incorporated into the T-L 
DNA of pRiA4 (ref.17). Co-integrate plasmids generated by 
recombination of pPMG55 and pPMG85 with pRiA4 were 
obtained as described. previously'*. One of these co-integrate 
plasmids contained ~10 copies of pPMGS55 tandemly arranged 
in the T-L DNA. Another co-integrate contained a single copy 
of pPMG85. The strains harbouring these plasmids (termed 
AA4T-55 and A4T-85, respectively), were chosen for plant trans- 
formation (Fig. 3). 

Tobacco leaf disks were co-cultivated with A4T, A4T-55 and 
A4T-85 and plants were obtained by the protocol described in 
Fig. 5 legend. Transformed plants were identified by the produc- 
tion of agropine’? in the case of A4T and A4T-55 and by selection 
anamycin-containing medium in the case of A4T-85. Two 
e erants from each strain co-cultivation were onal propa- 







: n Re hybridizing to the sake (Fig. 4). By « com- 
en with. a concentration standard, we could fea ala 





yb dization of these genes to DNA of contro! plants. 
Northern blot analysis of polyadenylated RNA*'” isolated 
from leaves revealed a positive signal corresponding to an RNA 
species of ~2,000 bases (Fig. 4) in 1-1 and 1-7; this is the 
‘expected size of the ocs- .aroA transcript. The estimated abun- 
dance of this RNA was between 0.002 and 0.005% of the total 
polyadenylated RNA. Similar levels (0.005%) were observed 
by analysing the sh of ocs-aroA, or of the octopine 























































































lenered dele ‘inside ‘each. plasmid: ‘defines. its sonstitiiont elements. a, 
pACYC184 (BamHI to Hindili); b, bacterial. kanamycin-resistance gene 
from Tns (ref. 32); o oes $, 15,208 to 13 643 (ref. 16); d, aroA; e, ocs 3’, 
12,823 to 11,207 (ref. 16); J, pe to BamHI fragment from the 3’ region 
of the kanamycin-resistance. gene of TnJ; g, 2.4-kb: Bglfl fragment from 
Hindlll-17 (ref. 33) of pRIA4;, h, EcoRI to Hindili t.5-kb fragment from 
pACYC 184; i, bacterial kanamycin-resistance gene from pUC4K; j, mas $’,. 
21,476 to 20,128 (ref. 16); k, aroA, BamHI to Sall from pPMG34; |, tml 3’, 
11,207 to 9,062; m, BamHI to Sall fragment from the tetracycline-resistance | 
gene of pACYC184; n, npt from pCGN552; 9, part of pACYC184 from the 
Sall site to the EcoRI site, length 2.5 kb; P, EcoRI 2-kb fragment internal: 
to g. 
Methods. The plasmids were used to introduce the aroA chimaeric genes 
into the T-L DNA of Agrobacterium rhizogenes. To construct pPMGSS, 
pPMG34 (ref.10) was cut with BamHI and the aroA gene in a BamHi 
fragment was cloned into pUC7 (ref. 34) to give pPMG38. ‘The aroA gene 
was then excised as an EcoRI] fragment and cloned in pCGN45, } (Knauf et. 
al., manuscript submitted). Plasmid pCGN451 is an expression vector con- 
sisting of pUC9 and the octopine synthase gene (ocs) 5’ and 3' regions. 
enclosing a unique EcoRI site. Cloning of a gene in such a site allows its 
transcription in plants and, if properly oriented and arranged‘ *, correct | 
translation. Further, the expression cassette, encompassing ocs 3’, any gene T 
that does not have Xhol sites, and the ocs 3’, can be excised by Xhol 
digestion. Accordingly, the acs-aroA gene was excised by Xhal digestion ==) 
and cloned into pCGN529 (Knauf, unpublished results) resulting in 0 
pPMGS5. The structure of pCGN529 can be deduced by deleting the: - 
ocs-aroA gene from pPMGS5. It is based on pAYC 184 and carries a bacterial _ 
kanamycin-resistance gene for selection in Agrobacterium and a fragment |: 
of the T-L DNA of pRiA4 to allow homologous recombination with the = 
latter. To construct pPMG85 we cloned the mannopine synthetase gene 
(mas) 5' region’? from pTiA6. A cosmid clone carrying the T-DNAs of = 
pTiA6, called pVCK232 (ref. 35), was digested with EcoRI and the fragment: > 
called Ecol3 or EcoC was cloned in pACY184, giving pCGN14: Digestion o 
of pCGN14 with Clal and Sphi yielded, among others, a fragment from. Had 
Clal site 20,128 (ref. 16) to Sphi site 21,562 which contains the mas 5’ and «~~ 
was cloned in the SphI and Accl sites of pUC19 (ref. 36). resulting in- 
pCGN40. The aroA BamHI fragment from pPMG34 was cloned in the 
proper orientation in pCGN40, fusing this gene to the mas promoter and 
resulting in pPMG67. To provide a polyadenylation signal, the tml 3' region’” 
of pTiA6 was used. A T-DNA BamHI fragment (nucleotides 9,062-13,774;.. = 
ref. 16) containing such a region was cloned from pVCK232 in pACYC184 » 
in an orientation such that nucleotide 13,774 was proximal to the HindIII 
site of the vector, An XhoI linker was added to the Smal site at position 
11,207 and the resulting plasmid termed pBamX. Digestion of pPMG67 
with HindIII and Sall yielded a fragment containing most of the mas F, 
and the aroA gene. Such a fragment was cloned in pBamX digested with 
Hindlll and Xhol, generating a mas-aroA-tml hybrid gene. This plasmid 
was called pPMG73. To allow efficient selection in. Agrobacterium, the 
kanamycin-resistance gene from pucaK? * was excised with Sail and cloned 
in a Xhol site present in the aroA-distal end of the mas 3’, giving pPMG76. 
An EcoRI fragment from pRiA4 T-L DNA was cloned in the chloram- 
phenicol-resistance gene EcoRI site of pPMG76, yielding pPMG82. To allow 
selection of transformed plants on kanamycin, a mas-npt hybrid gene was 
constructed. A similar construct has been reported elsewhere'*, Our hybrid 
gene was constructed as follows: the mas 5’ was excised from pCGN40 (see: 
above) by digestion with EcoRV (position 21,552; ref. 16) and EcoRI (in -5 
the pUC19 polylinker) and cloned in pCGN45 i digested with Smal and o 
EcoRI This latter treatment deletes all the ocs 5’ from pCGN45Landinserts 
the mas 5' in its place, In addition, part of the puci9 polylinker, from =` 
Xbal to EcoRI, is placed between mas promoter region and the oes poly- 
adenylation site, allowing a choice of different sites for insertion of genes 
to be expressed. In the EcoRI site of this plasmid (termed pCGN46), we ` 
inserted an EcoRI fragment from pCGN522 (Knauf et al, manuscript 
submitted) carrying the Tn3 npt” gene from which an untranslated. ATG. 
sequence had been removed to optimize translation efficiency. The hybrid oe 
mas~npt-ocs gene was excised by digestion with Xhol and cloned in the ae 
Sall site of pPMG82, yielding pPMG85. oat 















synthase gene in galls of tomato and turnip plants”? er htly 
shorter messenger RNA of 1,600 bases was found in leaves of i 
2-1 and 2-4 plants; this corresponds to the expected size of the - 
mas-aroA mRNA. The abundance of this mRNA was not esti- 
mated. 

To test whether these mRNAs were properly transtated: 
performed Western blot analysis of leaf proteins™. Bot 
aroA- and mas-aroA-transformed plants produced a 
tide reactive with anti-EPSP synthase serum and- of identica 
mobility to pure EPSP synthase. This polypeptide was not oun 
in control plants. The abundance of bacterial EPSP synthase 
tobacco leaves varied according to. the transformant tested. 1: 
was definitely positive but expressed much less bacterial EPSP 
synthase than 1-7, 2-1 and 2-4. To determine whether the protein = 
products of the o ocs-aroA and mas-aroA genes were enzymati- _ 
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Fig. 3 A, Structure of pRiA4-55. This plasmid was generated by in vivo co- 
integration of pPMGSS and pRiA4 (ref. 18). Multiple recombination events, 
or the integration of a multimeric form of pPMGSS, lead to the presence 
of ~10 copies of pPMGSS in pRiA4-55. For simplicity, only two pPMGS5 
moieties are shown. T-L DNA sequences are shown as open boxes, except 
for the segment that provides homology between pRiA4 and pPMGS55, which 
is dotted. The ocs S’ and 3’ regions are hatched; aroA is represented by the 

open arrow. The single line represents plasmid pAC YC184 and the bacterial 
kanamycin-resistance gene from Tns. The T-R DNA area is cross-hatched, 
while the rest of pRiA4 is shown as a double line. RB designates the right 
_ border of pTiA6 T-DNA. This border is part of the ocs 5’ region and is 
therefore reiterated with pPMGS5S. Extensive Southern analysis of regener- 
ated plants suggests that, at least in 1-1 regenerants, the transfer of the 
ocs-aroA into the plant genome occurred by integration of a single copy of 
pPMG55, probably from right border to right border. The putative region 
integrated into the genome is marked by a broken line. Plasmid pRiA4T-85 
is not shown. It resembles pRiA4T-55 except that only one moiety of 
pPMG85 i is integrated; no border sequences are present in pPMGS85; and 
the region of homology between pRiA4 and pPMG8S is slightly smaller 
than the one used in pPMGSS (see Fig. 2). B, Southern blot analysis of 
pRiA4-55 digested with BamHI and probed with pPMG45S. The hybridizing 
bands a-d correspond to the segments in A. Band d corresponds to the 
bacterial aroA gene (see Fig. 2), and its presence is not affected by the 
number of pPMGS5S5 moieties integrated in pRiA4. Band b is only present 
when at least two copies of pPMGS55 have integrated in a tandem fashion. 

Bands a and ¢ are boundary fragments generated by the right and left 
junctions between pPMGS55 and T-L-DNA. These fragments have approxi- 
mately the same amount of DNA available for hybridization to the probe. 
Thus, the ratio of intensity between a +c and b+d is a fair estimate of the 

number of pPMGS55 copies in pRiA4-55. 


cally active we used the following strategy: activity of EPSP 
‘synthase - was measured by the method of Boocock and 
Coggins™. It was observed that antiserum raised against bac- 
terial EPSP synthase completely inhibited bacterial enzyme 
activity while the plant enzyme activity remained unaffected, 
consistent with the observation that plant EPSP synthase does 
not react with this antiserum. Selective inactivation is par- 
ticularly useful in distinguishing between plant and bacterial 
EPSP synthase activity in cellular extracts of transformed plants. 
The difference in activity between untreated and antiserum- 
treated extracts represents activity of the ocs-aroA(or mas- 
aroA)-encoded EPSP synthase. In transformed plants the bac- 
terial activity amounted to ~2.0 U (nmol anthranilate/min per 
g fresh weight) for 1-1; 2.7 U for 1-7; 4.9 U for 2-1; and 3.9 U 
for 2-4. Total EPSP synthase activity was variable, ranging from 
9.0 to 38.2 U, contrary to the aroA-derived activity that remains 
close to the given values over several measurements. Control 
plants typically have no aroA-specific EPSP activity, or at the 
most, amounts <0.5 U. The results presented here provide strong 
evidence that both hybrid genes are correctly transcribed and 
translated in plant cells to produce an active bacterial EPSP 
synthase. Enzymatic and immunological analysis of aroA 
expression in these transformants indicate that 1-1 produces 
significantly less bacterial EPSP synthase than 2-1 and 2-4. These 
measurements were repeated several times and confirmed these 
results. 

To test whether the mutant bacterial aroA gene could confer 
tolerance on plants, tobacco plants expressing the gene were 
sprayed with glyphosate. As shown in Fig. 5, transformed plants 
exhibit considerable tolerance to glyphosate. We found that 
tolerance levels were correlated with the level of expression of 
the-aroA gene in the plant, 1-1 being the most sensitive of the 
transformants and 2-1 and 2-4 being the most tolerant. When 
plants were sprayed with the equivalent of 0.5 kg hectare™' of 
the isopropylamine salt of glyphosate under our growth- 
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Fig. 4 Detection of the chimaeric aroA gene and its expression in trans- 
formed plants. a-f, Lane a, pPMG76 (Fig. 2); b, 1-1; c, 1-7; d, 2-1; e, 2-4; 
f, Xanthi nc. (see Fig. 5). DNA was purified from 1g tissue according to 
the protocol of Dellaporta”’, with the modification that after the first 
isopropanol precipitation DNA was spooled on a glass rod, resuspended in 
10 mM Tris, pH 8.0, 1 mM EDTA and reprecipitated; the spooled DNA was 
resuspended in water. Aliquots were digested with BamHI (a, d, e, f) or 
EcoRI (b, ¢), glectrophoresed i in 0.7% agarose, denatured and blotted onto 
nitrocellulose’. An RNA probe specific for aroA was used. The BamHI to 
Sall fragment of pPMG34 (ref. 10) containing the aroA gene was cloned in 
pSP65 (Promega Biotec, Madison), The constructed plasmid was cut with 
Sall and transcribed in vitro with SP6 RNA polymerase (Promega Biotec) 
in the presence of radioactive GTP. The labelled transcript was used as a 
probe. Lane g. 1-1; h, 1-7; i 2-1; j, 2-4; k, Xanthi nc. RNA was prepared 
as described™', except that 1 mM aurintricarboxylic acid was added to the 
extraction, buffer, fractionated on oligo-dT cellulose (Collaborative 
Research)*', electrophoresed under denaturing conditions through a 1.5% 
agarose gel and blotted onto a nitrocellulose filter”. Hybridization was as 
described”"*. The probe used was pPMG38 (see Fig. 2). DNA standards 
(2.4 and 1.4 kb) were denatured before electrophoresis. ~q, Western blot 
analysis of bacterial EPSP synthase. Lane |, 1-1; m, 1-7; n, 2-1; 0, 2-4; p, 
Xanthi ne; q, 500 ng purified EPSP synthase. About 2.5 g (fresh weight) of 
leaf tissue was ground in liquid nitrogen, then suspended in 0.1 M Tris, 
pH7.5, 10mM EDTA, 0.15M NaCl, 0.05% Nonidet P-40, 25 mg ml” 
bovine serum albumin, 1mM_ dithiothreitol and 0.13 ug m!~' leupeptin 
(Sigma), Samples were homogenized with a Brinkmann Polytron after the 
addition of 0.5 g polyvinylpyrrolidone, then centrifuged at 15,000g for 15 min 
at 4°C. 100 ul of antiserum, prepared by injecting purified EPSP synthase’? 
into rabbits, and 250 pl 10% (w/v) suspension of S. aureus (Calbiochem) 
were added to each supermatant and incubated, with agitation, for 16h at 
4°C. Samples were then centrifuged and the pellet washed twice with 20 mM 
Tris, pH 7.5, 1 mM EDTA, 150mM NaCl and 0.05% Nonidet P-40, The $- 
resulting pellets were suspended in 100 ul 0.125 M Tris, pH 6.8, 4% SDS, 
20% glycerol and 10% 2-mercaptoethanol and heated for 2 min at 90°C. 
The entire sample was then electrophoresed on 10% acrylamide gels*’. The 
resolved polypeptides were transferred to nitrocellulose (BA85; Schleicher 
& Schuell) as described by Burnette™* at 100 V for 2h in a Hoefer TE42 
transfer unit. Nitrocellulose filters were then incubated in BLOTTO™ for 
lh at 42°C, followed by an overnight incubation at room temperature in 
BLOTTO containing a 1; 50 dilution of anti-EPSP synthase serum. Filters 
were washed for 10 min in 20 mM Tris, pH 7.5, 150 mM NaCl, for 20 min 
in the same buffer containing 0.05% Tween-20, and for another 10 min in 
buffer without detergent. BLOTTO containing 10° c.p.m. mi~’ of '™I- 
labelled protein A (9 Ci mg '; NEN) was then added to filters and incu- 
bated at room temperature for 2 h. The filters were then washed overnight 
in 50mM Tris, pH 7.5, 1M NaCl and 0.4% sarkosyl. After rinsing and 
drying, filters were exposed to Kodak AR X-ray film at -70°C using a 
Dupont Cronex intensifying screen. g 








chamber conditions (see Fig. 5), aroA-negative plants were not 
killed but after 20 days weighed only 10% of unsprayed controls, 

whereas transformants 1-1 and 2-4 weighed 30 and 70%, respec- 
tively, of the unsprayed controls. Five weeks after the treatment, 
2-4 plants weighed more than the unsprayed control because of 

growth of lateral shoots. Thus, expression of aroA in tobacco f: 
did not result in complete loss of sensitivity to glyphosate but ¥ 
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Fig.5 Phenotype of transformed plants, Regeneration of A. rhizogenes- 
transformed plants has been accomplished previously’. Transformed 
plants were generated as follows. Nicotiana tabacum cv. ‘Xanthi nc’ was 
grown under axenic conditions*'. Disks 2mm in diameter were punched 
from young leaves (2cm long) and incubated in liquid MS medium 
(1 mg!" naphtalene-acetic acid, img!‘ kinetin) in the dark at 23°C. 
Agrobacterium strains were grown overnight in MG/L broth“? at 30°C and 
added to the disks to obtain a final bacterial cell concentration of 5-10x 
107° mi '. Co-cultivation lasted 24 h under the above conditions. Disks were 
then transferred to solid MS medium (0.7% Phytagar, Gibco-BRL; 
350 mg I~’ cefotaxime, no hormones and in the case of disks co-cultivated 
with A4T-85, 100mg!”' kanamycin) and incubated in the light (50 pE 
m*s', 12h light per day) at 23°C. Roots growing from the edges of the 
disks were excised and placed on solid shooting MS medium (2 mg"! 
indole-3-acetic acid (IAA), 2 mg 1‘ kinetin). Shoots were rooted and propa- 
gated in MS medium (1 mg 1 IAA, 0.15 mg 1~' kinetin). Putative A4T-85 
transformant shoots were rooted in kanamycin-supplemented medium 
(100 mg!'). ocs-aroA, mas-aroA and control transformed plants were 
obtained from clonal propagation of individual regenerants. Plants were 
photographed 40 days after they had been sprayed with a commercial 
formulation of glyphosate. At the time of spraying plants had on average 
six leaves, were growing actively and were <10 cm tall. They were grown 
at 25°C, 200 uE s~", 90% relative humidity and 12h light per day. The 
application rate of glyphosate was 0.6 and 1.0 kg hectare '. The glyphosate- 
treated plants and the respective untreated controls were transferred to a 
greenhouse 15 days after spraying. Top nine plants, Xanthi nc; bottom nine 
plants, 2-4; left vertical row, unsprayed controls; middle row, treated with 
glyphosate at 0.6 kg hectare” '. right row, treated with glyphosate at 1.0 kg 
hectare '. Plants transformed by the vector alone responded to glyphosate 
treatment, similar to Xanthi ne. 


in levels of tolerance depending on the expression level. A 
precise quantitation of these two variables is now underway. 
Many sites of action of glyphosate in plants have been pro- 
posed*°; most evidence suggests that EPSP synthase is the major, 
if not the sole, target site. First, genetic analysis demonstrated 
it to be the main site of inhibition in enteric bacteria”’; second, 
EPSP synthase is the only enzyme tested that is highly sensitive 
to glyphosate*’; third, plant tissue selected in culture for resist- 
ance to glyphosate exhibits severalfold overexpression of EPSP 
synthase’; and fourth, treatment of plants with glyphosate results 
in accumulation of high levels of the precursor shikimate in the 
vacuole, presumably from dephosphorylation of phosphoshiki- 
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mate, a substrate of EPSP synthase*. The glyphosate-tolerant 
phenotype of plants expressing the aroA gene is in agreement 
with the above data. However, we cannot exclude the possibility 
that other targets exist as the phenotype observed has partial 
tolerance. Further improvement of bacterial aroA expression 
and targetting of the protein to the chloroplast*’** should 
achieve higher tolerance levels. 

The shikimic acid pathway seems to be located in plastids 
and possibly in the cytoplasm’’”’. EPSP synthase is not a 
secretory protein in Salmonella, We expect it to be localized in 
the cytoplasm when expressed in plant cells. Failure of an active 
enzyme to induce a tolerant phenotype may have been inter- 
preted in previous studies as an indication that the cytoplasmic 
pathway of shikimate biosynthesis is either non-existent or of 
little consequence to the total cellular biosynthesis of chorismate. 
On the other hand, the induction of a tolerant phenotype alone 
does not prove that a cytoplasmic shikimate pathway exists and 
is important to the production of chorismate. We cannot exclude 
the possibility that complementation occurs across the two cel- 
lular compartments by transport of substrates and product of 
the reaction out of and in to the chloroplast. 

In conclusion, expression in tobacco of a glyphosate-resistant 
EPSP synthase from S. typhimurium confers tolerance to glypho- 
sate. The levels of tolerance depend on the expression level of 
aroA-encoded EPSP synthase. This demonstrates that a key 
metabolic enzyme of plants can be complemented by its bacterial 
counterpart. This system holds promise for engineering of crops 
compatible with the use of better and environmentally safer 
herbicides. 
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box sequence of Drosophila is an element located in 
enes that regulate segmentation and segment identity’; 
s omologues in the genomes of vertebrate species? and a 
er of homoeo box-containing recombinant DNA clones have 
een isolated from Xenopus, man and mouse’. In the present 
tudy we have isolated from a library of murine DNA a recom- 
_ binant A clone (H24.1) which contains a sequence closely 
~ homologous to the homoeo box within the Drosophila Antennapedia 
_ (Antp) gene. The protein sequence of the homoeo domain is iden- 
_ tical to that encoded by Hu-I, one of a pair of closely linked 
_ homoeo: boxes in the human genome“, We have used a sensitive 
< RNase protection assay to examine transcription of the H24.1 
gene during mouse development, and in adult tissues. We report 
-that the gene is transcribed from as early as 7.5 days post coitum 
(p.c.), with maximum expression at days 11.5 and 12.5 p.c. The 
transcript is enriched in embryonic spinal cord and brain at day 
12.5 p.c., and in adult kidney. 

The homoeo box-containing clone, designated H24.1, was 
Isolated from a partially BamHI- digested library in EMBL 4, 
“provided by K. Willison (Institute for Cancer Research). The 

clone. was initially identified by hybridization to a mixture of 
probes from the Drosophila Ultrabithorax ( Ubx) and Antp genes 
but the Antp probe alone was used for further characterization. 
_ Figure 1 shows the restriction map of H24.1, the location of the 
_ Hemaeo box within it, and the direction of transcription. 
_ Figure 2 compares the DNA sequence and the predicted 
amino-acid sequence of the homoeo box region of H24.1 with 
the Antp homoeo box used to isolate it? and with Hu-1, a 
human homoeo box”. At the level of DNA sequence, the H24.1 
homoeo box is 92% homologous to Hu-I and has 79% 
homology with Antp. However, there is a much higher degree 
of conservation between the amino-acid sequences, indicating 
that selection pressure acts to maintain the protein structure. 
There are only six differences in 61 amino acids in the homoeo 
domain compared with Antp: four of these differences occur in 
“the first seven amino-acid residues and the other two are con- 
- servative changes in the rest of the domain. The H24.1 and Hu-1 
sequences encode identical protein domains. Homologies 
between this and other homoeo domains are given in Fig. 2 
legend. 
-. On the basis of amino-acid sequence identity it is likely that 
H24.1 is the murine homologue of Hu-1. A pair of mouse 
‘homoeo boxes, Hox-2, has previously been identified by 
-hybridization with the human pair Hu-i/Hu-2 (refs 8, 9), but 
“this represents the first report of its sequence. The restriction 
-site map of H24.1 is also consistent with this gene being one of 
the pair identified as Hox-2. Furthermore, like Hox-2, H24.1 has 
been. mapped to chromosome 11 using cell hybrids (M. Munke 
and U, Francke, personal communication) and is presently being 
localized on that chromosome byi in situ hybridization. The other 
homoeo box of the Hox-2 pair lies 5’ of H24.1 with respect to 
its transcription. 
< To examine expression of H24.1, we subcloned two fi ragments 
| into pSP64 to produce single-stranded radioactive RNA probes 
complementary to putative homoeo box transcripts plus 3’ 
-sequences (Fig. 1). These probes hybridized to a single band on 
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Fig. 1 Restriction map of H24.1. The murine DNA is a daa 
BamHI fragment. The EcoRI sites outside these BamHI sites ari 
in the EMBL 4 vector. E, EcoRI B, BamHI: H, Hindi. Thi 
region showing sequence homology to the homoeo box is represe 
ted by a thick line and the arrow indicates the direction of transi 
tion inferred from the amino-acid sequence and from 
single-stranded. probes. The two probes used in the RN 
tion assay are shown below the map. Probe A is a Pouli? Ec 
fragment and probe Bis a Bg/Il/ EcoRI fragment; both contain. 
the homoeo box sequence. Each was subcloned into pSP64. 
Methods. The partially digested BamHI library of mouse DNA 
was constructed by K: Willison from DNA from a t*!?/1"!? cell: 
line in EMBL 4. Plaques were hybridized with oligo-labelled'? 
fragments of the Ubx and Antp genes, exactly as described by. 
McGinnis et al”. DNA preparation, restriction mapping and sub- : 
cloning were done by standard methods'®. : 


Southern blot hybridization of EcoRI-digested mouse genomic 
DNA (data not shown). We used a stringent and sensitive RNase 
protection assay'’ to detect transcripts from this region in 
range of RNAs from embryos, cultured cells and adult: tissue 
The results are shown in Figs 3 and 4. : 
Probe A contains 600 nucleotides of mouse sequence, of which 
129 nucleotides represent the 3’ part of the homoeo box. After 
hybridization and digestion with R Nase, two self-protected frag- 
ments were seen in all tracks after gel electrophoresis, including 
the control lane in which no mouse RNA was added. In addition, 
a fragment of 330 nucleotides was protected when embryonic 
RNA was added to the reaction; this fragment derives from a 
transcript of the homoeo box, plus sequences downstream of it, 
We demonstrated this as follows. A probe was transcribed from 
a template which had been resected into the homoeo box from 
the EcoRI site using the exonuclease Bal31, and used ina 
protection assay on RNA from a 12.5-day (p.c.) embryo. The 
probe, shorter than probe A by sequences from within the 
homoeo box, protected a shorter fragment (data not shown). 
The transcription detected was specific for H24.1 as the protected 
fragment was considerably longer than the homoeo box conser- 
ved between genes. The homoeo exon ends 330 nucleotides y: 
of the EcoRI site, and the messenger RNA must either end a 
this point, or there must be a splice donor site to a point outside 
the region of probe A. 
Using probe A, we detected the homoeo exon in RNA isolated 
from embryos between days 9.5 and 16.5 p.c.; the levels of the: 
transcript reached a péak at days. 11.5-12.5 p. c., and decline 
thereafter. In this and other experiments we calculated that ther 
were between 10 and 30 molecules of the H24.1 transcript pe 
cell in 11.5-day (p.c.). embryos, This is an average value ane 
will obviously be higher in some cells if the gene is differenti 
expressed (see below). At day 9.5 p.c. at least 21 of the approxi 
mately 65 repeated somite blocks of mesoderm have been estab 
lished. This process of somitogenesis is virtually complete. 
the trunk region by day 11 p.c: The major events in the periox 
examined here are concerned with the growth and differentiatio 
of the organ rudiments. 
Of the various adult tissues and cell lines examined, H24. 
RNA was seen clearly in adult kidney and in a fibroblast line 
1-D; a smaller amount of transcription was detected in B 
melanoma. A weak signal was seen in adult testes after lo 
autoradiographic exposure of the gel, but this was nots 
nificantly above background. P 
Another mouse homozo box gene (m6) is expressed 
high levels in F9 teratocarcinoma cells and also in emt 
stem cells’. Figure 3j-m shows the analysis of RNA fre 
pluripotential embryonal stem-cell line HD- 14, The: ‘ste 
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Fig.2 DNA and protein sequences of the H24.1 homoeo box. a, 
-DNA sequences of the homoeo boxes of H24.1, Antp and Hu-1: 
a dash indicates base identity with H24.1. b, Protein sequences 
deduced from the nucleotide sequences of H24.1 and Antp: a dash 
i indicates amino-acid identity. The Hu-1 sequence in this region is 
° identical to H24.1. The brackets enclose the region of homoeo box 
homology and residues are numbered within this region. The H24.1 
protein sequence has the following homologies: Antp, 90% 
(ref. 10); mouse m6, 85% (ref.7); mouse Hox-1, 74% (ref. 6); 
human Hu-2, 83% (ref. 5); Xenopus AC1, 82% (ref. 3); Xenopus 

MM1, 87% (ref. 4). 
Methods. DNA sequencing was carried out on M13 clones by the 
T; method of Sanger et al.'*. A Hin1/ EcoRI fragment was sequenced 
~ in both directions in mp8 (ref. 16). Sequences 5' of the EcoRI site 
= _ were determined on one strand by cloning a BamHI/ EcoRI frag- 

ment into mp93 (ref. 16). 


= will differentiate in vitro into embryoid bodies, which have an 

outer layer of endoderm surrounding an ectoderm-like core. If 

` allowed to re-attach to a solid substrate, these embryoid bodies 

= undergo further development, so that after 32 days many cell 

= types are seen in the culture, including muscle, nerves, fibroblasts 

and endoderm. However, complex inductive interactions which 

= occur in vivo occur only rarely in culture. In contrast to the 

findings of Colberg-Poley et al.’ using m6, H24.1 is not tran- 

= scribed in undifferentiated HD-14 stem cells. Transcripts from 

_ H24.1 can be detected in RNA from differentiated cells, increas- 

ing to maximum levels after 32 days, but they are very much 

_ less abundant than in embryos at day 12.5 p.c., with at most a 
_ few molecules per cell. 

= Further analysis of H24.1 transcription was carried out using 

= probe B, which contains 2,600 nucleotides of mouse sequences 

and therefore detects transcription downstream of the homoeo 

= exon. The 330-nucleotide homoeo exon (H) is clearly seen with 

probe B, but there are additional fragments that are also protec- 

=~ ted (Fig. 4). Analysis of these fragments was complicated by the 

- presence with the full-length 2,600-nucleotide probe of lesser 

amounts of two smaller RNAs due to specific termination of 

= SP6 polymerase transcription within the template. This might 

= in some cases produce multiple protected fragments from a 

single exon, as is probably the case for the fragments smaller 

Á than the homoeo exon. Nevertheless, a number of larger protec- 

ted fragments (band a, 700 nucleotides; and a cluster of bands, 

= b, 500-600 nucleotides) were seen in all lanes in which the 
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Fig.3 RNase protection assay of total RNA using probe A. s, 
Self-protected fragments; H, homoeo exon fragment. Lane T, probe 
A, 1/1,000 of the amount used in each protection assay. Lane a, 
control, no mouse RNA added. Lanes b-i, 40 ug total mouse RNA 
from embryos at the following days (p.c.): b, 9.5; c 10.5; d, 11.5; 
e, 12.5; f, 13.5; g, 14.5; h, 15.5; i, 16.5. Lanes j-m, 40 pg total RNA 
from HD-14 EK cells: j, stem cells; k, 2-day embryoid bodies, |, 
15-day cells differentiated in vitro; m, 32-day cells differentiated 
in vitro. Lanes n-q, 40 pg total RNA from: n, B16 melanoma 
grown in vivo; o, 1-D fibroblasts, p, adult testes; q, adult kidney. 
The developmental age of the embryos was calculated by assuming 
that mating occurred at midnight preceding the presence of a 
vaginal plug. 1-D fibroblasts are immortal, although contact- 
inhibited cells which are ‘promiscuous’ for transcription in that 
they will transcribe any exogenous gene introduced into them. 

Methods. RNA was prepared by homogenizing the respective tissue 
in 3 M LiC1/6 M urea, treating the RNA precipitate with proteinase 
K in 1% SDS and extracting with phenol and chloroform before 
ethanol precipitation. Transcription of the probes with SP6 poly- 
merase, hybridization to mouse RNA and RNase treatment of the 
hybrids have been described by Zinn et al.''. The protected frag- 
ments were electrophoresed on a 6% polyacrylamide sequencing 
gel in 8 M urea/ TBE" before autoradiography for 3-7 days. Tran- 
script levels were calculated from the autoradiographs as follows: 
the percentage incorporation of precursors into probe was deter- 
mined by trichloroacetic acid precipitation, and recovery of radio- 
activity after phenol extraction and ethanol precipitation was esti- 
mated by Cerenkov counting; this permits calculation of the mass 
of probe, and, as its relative molecular mass is known, the number 
of molecules of probe hybridized in each reaction. A sample 
equivalent to 1/1,000 or 1/10,000 of the input probe was loaded 
on the polyacrylamide/urea gel, and the autoradiographic signal 
from this was compared with that of the protected band, H, in the 
experimental lanes. The comparison was quantitated using a Joyce- 
Loebel densitometer. Allowing for differences in relative molecular 
mass between probe and protected fragment, we could calculate 
the proportion of input probe protected, and therefore the number 
of molecules protected. Each reaction contains 40 ug of total RNA. 
Based on an average RNA content of 10~* pg per cell, and assuming 
the reaction proceeds to completion due to the large excess of 
probe, we could calculate the average number of molecules per cell. 


homoeo box was protected, and their abundance corresponded 
to the abundance of the homoeo box transcript. 

In addition, we observed two other protected fragments which 
are more restricted in their developmental expression. Fragment 
c is an exon of 400 nucleotides present at a low level in RNA 
from embryos at day 9.5 p.c., and at high levels in RNA from 
embryos at days 10.5 to 14.5 p.c. and from adult kidney. Frag- 
ment d is a 350-nucleotide protected exon that is transcribed 
maximally at days 11.5-12.5 p.c., with a trace detectable in adult 
kidney and fibroblasts. We do not know whether exons a-d are 
spliced onto the homoeo exon or whether they represent another 
transcription unit 3’ of H24.1 that is expressed coordinately with 
it; further experiments are needed to determine this. 

Figure 4B shows an analysis, using probe B, of RNA from 
embryos at days 7.5-9.5 p.c. The homoeo exon can be detected 
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Fig. 4 RNase protection assay of total RNA using probe B. A, 
40 ug mouse RNA. The lanes are exactly as described for Fig. 3. 
The bands visualized are indicated. H, homoeo exon; a, b, addi- 
tional exons co-expressed with the homoeo exon; c, d, additional 
exons differentially expressed. B, Analysis of total RNA with probe 
B. Lanes labelled 7.5-9.5, 40 ug RNA from embryos at days 7.5, 
_ 8, 8.5 and 9.5 p.c.; lanes labelled 12.5, 40 ug RNA from dissected 
embryos at day 12.5 p.c.: E, total embryo; T, bodies (trunk plus 
tail); L, limbs; H, heads (including brain); B, RNA (7.5 ug) from 
dissected brains. p, 25 ug RNA from embryonic placenta at day 
13.5 p.c. Remaining lanes represent adult tissues, 25 ug each of 
RNA from: t, testes; k, kidney; s, spleen; b, brain; 1, liver. C, 
Analysis of total RNA from dissected embryos at day 12.5 p.c. 
using probe A. C, control, no RNA added. All other tracks con- 
tained 40 pg RNA from: T, total embryo; Br, brain; Cf, remaining 
craniofacial tissue; SC, spinal cord; Vi, viscera; Ca, remaining 
carcass. 
Methods. RNA was prepared and protection assays carried out as 
described in Fig. 3 legend, except that RNAs from embryos at days 
8, 8.5 and 9.5 p.c., from dissected 12.5-day embryos, 13.5-day 
placenta and adult spleen and liver were prepared using a 
modification of the method of Chirgwin et al”. 


as early as day 7.5 p.c., the late primitive-streak-stage embryo, 
about the time when the very first somites are visible, but levels 
of the transcript are very much lower than at day 12.5 p.c. In 
Fig. 4B we have localized H24.1 RNA in dissected embryos at 
day 12.5 p.c.; transcripts are seen in both bodies and heads but 
not at a significant level in the limbs, nor in placenta at day 
13.5 p.c. The heads include a variable amount of upper spinal 
cord or brain stem. The nervous tissue dissected from these 
heads shows a very strong signal, compatible with expression 
being limited to this tissue (Fig.4B). To further localize 
expression in these embryos, a second set of dissections was 
made: the bodies of embryos at day 12.5 p.c. were separated 
into spinal cord, viscera (lung, heart, gut, liver and urogenital 
rudiments) and remaining carcass, while the head was separated 
into brain (with minimal brain stem) and remaining craniofacial 
tissue. RNAs prepared from these samples were analysed using 
probe A (Fig.4C) and probe B (data not shown). The results 
show highest expression in spinal cord, amounting to 50-150 
copies per cell. Some expression is also seen in the brain, but 
further experiments will be required to define whether this is 
limited to specific regions. Both the viscera and carcass show 
low levels of expression of H24.1. 

In contrast to the high level of expression of H24.1 in the 
embryonic central nervous system, the gene is not strongly 
transcribed in adult brain, nor is significant transcription detec- 
ted in testes, spleen or liver. However, we observed transcription 
in the adult kidney at a level comparable to that seen overall 
in the 12.5-day embryo (Fig. 4B). 

These data demonstrate transcription of H24.1 in derivatives 
of two of the three germ layers of the embryo. Development of 


LETTERS TONATURE 





X . Di - 
~ » -o F- a = 





A 
z d 

b] vat A - Pe à 

j Th S $ 


— 12.5 


20 B OSRS E Ti. BE D tes 


B 





the brain and spinal cord of the mouse begins from ectodermal 
cells at around day 8 p.c. and continues until after birth. Kidney 


development originates in mesoderm between the somites and > 
the lateral plate at days 8-8.5 p.c. However, the adult kidney is 
derived from only a part of the nephrogenic tissue (the metane- 


phros) which is quite small with respect to the mesonephros 
until day 13 p.c. At present we do not know at what stage 
transcription of H24.1 begins and ends in these organs. 

This represents the first analysis of the transcription of a 


homoeo box gene during mouse development and reveals a 
striking pattern of spatial and temporal control in both embryos — 


and adults. The conservation of sequence of homoeo domains 
between species as diverse as mouse and Drosophila indicates 
that there has been strong selective pressure to maintain their 


structure. The evidence that the homoeo domains may be DNA- _ 
, and the regulatory role of the homoeo 


binding polypeptides'*? 


box genes in Drosophila suggest that they encode molecules — 
which control batteries of other genes. However, the funda- 


mental differences between the development of Drosophila and 


mammals’ make it unlikely that these genes function in exactly _ 


analogous ways. 

A probable hypothesis is that during evolution the DNA- 
binding property of the homoeo domains was recruited for 
different regulatory functions in different branches of the 
evolutionary tree. Any model of the mode of action of the 
homoeo box genes during vertebrate development will have to 


take into account the diverse pattern of expression of the gene — 


that we have observed. 
We thank Michael Akam, Bill McGinnis and Ken Howard 


for Drosophila DNA clones; Kevin O'Hare for help with DNA 
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The relationship between cell shape and function has long been 
of interest”. However, although the behaviour of the cytoskeleton 

uring the cell cycle has been studied extensively'*'* variations 
in the shape and three-dimensional substructure of the nucleus 
less well documented. The spatial distribution of chromatin 
previously been studied by a mathematical analysis of the 
ical densities of stained nuclei™'5, allowing an indirect deriva- 
of the three-dimensional distribution of chromatin. More 
‘information on chromatin organization can be obtained 
m electron-sfcraccnpic serial sertions although this is very 

























s CSLM. pe. useful for stud dying t the three-dimensional 
koloi of biological structures ™”, 
p incipt e of confocal imaging (described in Fig. la) 
£ reductio of the three-dimensional point spread 
‘by a factor of 1.4 in all three directions with respect 
lassical microscopy” © Thus, the specimen volume sample 
r each image point is smaller by a factor of (1.4) ~3, produc- 
ig a proportionate fundamental increase in the information 
racted by this approach. Having shown that this expectation 
ibe applied using high numerical. aperture optics (NA= 
y“ we have recently modified the instrument for fluorescence 
operation’ ” and find that under typical operating conditions, 
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Fig. 1 a, In confocal scanning fluorescence microscopy the same 
point (confocal point) in the specimen which is illuminated by the 
laser-illuminated pinhole, is imaged precisely on the detector pin- 
hole. It is called confocal because at this point the projection of 
the illumination pinhole and the back-projection of the detector 
pinhole have a common focus. This optical arrangement results in 
almost complete suppression of the fluorescence contributions 
from off-focus specimen planes. In addition, the imaging in the 
plane transverse to the optical axis is fundamentally improved”’. 
The specimen is scanned mechanically through this confocal point - 
under microprocessor control. Independently of the mechanical 
scan, a continuous viewing image is generated from the detected. 
fluorescence intensity data stored in a 256x256 8-bit memory | 
array as a function of specimen position. Stored data from series — 
of images can be used later for image processing, especially for 
the generation of stereoscopic images. b, In the algorithm for the 
generation of stereoscopic image pairs, we assign the maximum 
value of the pixel values encountered along ‘viewing’ lines L and 
R to the corresponding pixels in the stereoscopic image pair, that 
is, a pixel value L, (i, h: 0...255) will be the maximum of the 
pixel values Aji..ijis:a.c. (kK: O...N-1, N is the number of | 
optical sections) where A; ;, denotes a pixel of optical section k- 
with coordinates i j. In cases where s, or s, are not integers, the - 
compared value is the result of a linear interpolation betwee! 
pixels nearest to the coordinate (i+ s,k, j + sk). Arrays of image 
generated for various values of s, and s, can make accessible the 
various three-dimensional structural. relationships i in the specimen, 
which can be observed from different viewing angles. 













with excitation at 488 nm, the width of the point ied function 
transverse to the optical axis is 220 nm, while that along tt 
optical axis is 730 nm. This latter value is a measure of the d 
discrimination of the system. Optical sections, taken at t : 
distance or further apart, will be virtually independent of each 
other. pe 
Stereoscopic views were generated from series of CSLM 

images taken at different levels in the specimen typically 0.5- 
lpm apart. The algorithm used (Fig. 1b) retains only the | 









maximum. pixel value along the line-of-sight, producing excel- 





lent pictures in nearly all cases. The images of such series are | 
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Fig. 2 a, A pair of stereomicrographs of an interphase mouse 
neuroblastoma 2A nucleus. The cells were cultured on coverslips 
as described by Wiegant et al.” and fixed according to the pro- 
cedure of Van Bergen Henegouwen et al.*". Briefly, the cells were 
fixed by immersion in methanol (—20°C) for 5 min, Staining of 
the nuclei was achieved by the method of Crissman and Tobey’; 
cells were rinsed briefly in 10mM Mg-acetate in 25% ethanol, 
stained with 100 ug ml”! mithramycin and 10 mM Mg-acetate in 
25% ethanol for 10-15 min at room temperature, then mounted in 
Mowiol 4-88 (Hoechst) after a short rinse in distilled water. Much 
of the chromatin is associated with the lamina-pore complex and 
can be seen particularly in the top half of the nucleus. Thread-like 
chromatin structures run through the nuclear body, often perpen- 
dicular to the horizontal plane. Several nucleoli (ring-like struc- 
tures) are visible. Scale bar, 10 um. b, Early anaphase chromosomes 
of neuroblastoma 2A cells. The direction of the spindle axis (SA) 
and the position of the equator plane (EP), respectively, are indi- 
cated. Scale bar, 10 pm. c, Late telophase nuclei of two sister cells 
lying below two interphase nuclei. The nuclear envelope has been 
reassembled and the chromosomes are decondensing. Decondensa- 
tion has proceeded further near the mitotic poles (arrows). No 
nucleoli are present, in contrast to the interphase nuclei above. 
The nucleoli in these two cells are seen as small hollow structures. 
Scale bar, 20 um. 


perfectly aligned as a result of the good scan stability, thus 
avoiding the alignment problem of photographic negatives’®. 
Chromatin from the nuclei of mouse neuroblastoma 2A cells 
was stained with the antibiotic mithramycin. Figure 2a shows 
a pair of stereo micrographs of an interphase nucleus. The 
chromatin is visible as spots and as thread-like structures 
throughout the nucleus and along the lamina-pore complex”? ”. 
Such preferential distribution of chromatin along the lamina- 
pore complex has also been deduced from optical density 
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measurements’. The more detailed three-dimensional 
chromatin distribution shown here has, to our knowledge, never 
before been observed. 

Neuroblastoma interphase nuclei may contain several nucleoli 
and these are also clearly visible (Fig. 2a). It seems that mith- 
ramycin has preferentially intercalated with perinucleolar 
chromatin DNA, whereas more internal nucleolar DNA has not 
been stained. The latter is known from electon microscopic thin 
sections as the grey filbrillar centre and the dark-staining fibrillar 
component***. This fluorescence distribution in the nucleoli 
can only be recorded with difficulty by conventional light micro- 
scopy. 

Figure 2b shows the three-dimensional distribution of 
individual chromosomes in early anaphase and indicates the 
presumed position of the spindle axis, whereas the lamina-pore 
complex is absent (as expected). In late telophase the nuclear 
envelope reappears together with decondensation of the 
chromosomes (Fig. 2c). Decondensation seems to start near the 
poles of the mitotic spindle. The two telophase sister cells lie 
below two interphase cells (see above). 

We have exploited the unique optical sectioning capabilities 
of the confocal scanning laser microscope to study the three- 
dimensional chromatin distribution in mouse neuroblastoma 
cells. Clearly, the technique has many other applicatons, for 
example, the spatial postitioning of individual chromosomes 
with respect to each other or the localization of heat-shock 
proteins in the nucleus. A recent application (our unpublished 
observations) is the three-dimensional reconstruction of the 
yeast mitochondrial network in the small budding yeast 
Kluyveromyces marxiansis var lactis. With appropriate selection 
of fluorescent dyes, double-labelling will be possible. In addi- 
tion, the use of vital stains might allow structures in the living 
cell to be observed. The speed of data collection is sufficient to 
follow, at about 1-min intervals, the development of a three- 
dimensional structure. This may be combined with the quan- 
tification of three-dimensional fluorescence data and appropri- 
ate image processing and analysis. Such properties make the 
CSLM suitable for use in many areas of biology, especially the 
study of the dynamical topology of cellular components. 

We thank F. H. A. Aalst for building most of the electronics, 
O. Peters for software development, and J. A. W. Kalwij and 
W. Takkenberg for their assistance with the mechanical part of 
the microscope. This development was supported by the Nether- 
lands Technology Foundation (STW/ZWO). 


Received 7 May; accepted 22 August 1985. 


Thompson, D'A.W. On Growth and Form (Cambridge University Press, 1942) 
. Penman, S. et al. Cold Spring Harb, Symp. quant. Biol. 46, 1013-1028 (1982). 
. Bissel, M. J., Hall, H. G. & Parry, G. J. theor, Biol. 99, 31-68 (1982). 
. Folkman, J. & Moscona, A. Nature 273, 345-349 (1978). 
. Tomasek, J. J., Hay, E. D. & Fujiwara, K. Devl Biol 92, 107-122 (1984). 
. Trinkaus, J. P, Cells into Orgens (Prentice-Hall, New York, 1984). 
. Harris, A. K. Leet. Not. Biomath. $5, 103-122 (1985). 
. Soranno, T. & Bell, E. J. Cell Biol, 95, 127-136 (1982). 
. Kirschner, M. in Developmental Order; Its Origin and Regulation (eds Subtelny, S. S. & 
Green, P. B.) 117-132 (Liss, New York, 1982). 
. De Brabander, M., De Mey, J., Van Veire, R. & Geuens, G. Cell Biol. int. Rep. 1, 453-461 
(1977). 
. Brinkley, B. R. Cold Spring Harb, Symp. quant. Biol. 46, 1029-1040 (1982). 
. Fulton, A. The Cytoskeleton: Cellular Architecture and Choreography (Chapman & Hall, 
New York, 1984), 
. Belmont, A. S. & Nicolini, C. J. cell Sci. $8, 201-209 (1982). 
14. Kendall, F., Swanson, R., Borun, T., Rowinsky, J. & Nicolini, C. Science 196, 1106-1109 
(1977). 
15. Nicolini, C. J. submicrose. Cytol. 12, 475-505 (1980). 
16. Agard, D. A. & Sedat, J. W. Nature 302, 676-681 (1983). 
17, Van der Voort, H. T. M., Brakenhoff, G. J., Valkenburg, J. A. C. & Nanninga, N. Scanning 
7, 66-78 (1985). 
18. Wijnaendts van Resandt, R. W. et aL J. Microsc, 138, 29-34 (1985). 
19. Carlsson, K. et al Opt. Lett. 10, 53-55 (1985). 
20. Sheppard, C. J. R. & Choudhury, A. Optica 24, 1051-1073 (1977) 
21. Brakenhoff, G. J., Blom, P. & Barends, P. J. J. Microse 117, 219-232 (1979). 
22. Agutter, P. S. & Richardson, J C. W. J. Cell Sci 44, 395-435 (1980), 
23. Maul, G. G. (ed.) Wistar Symp. Ser. Vol. 2 (Liss, New York, 1982). 
24. Kendall, F. M., Beitrane, F., Zietz, S., Belmont, A. & Nicolini, C. Cell Biophys. 2, 373-404 
(1980). 
25. Stahl, A. in The Nucleolus (eds Jordan, E. G. & Cullis, C. A.) 1-24 (Springer, New York, 
1982). 
26. Hadjiolov, A. A. Cell Biol Monogr. 12 (1985). 
27. Wiegant, F. A. C., Tuyl, M. & Linnemans, W. A. M. Int. J. Hyperth. 1, 157-169 (1985). 
28. Van Bergen Henegouwen, P. M. P. et al. Int. J. Hyperth. 1, 69-83 (1985). 
29. Crissman, H. A. & Tobey, R. A. Science 184, 1297-1298 (1974), 


O oxuya uU & UN = 


© 


- m 
nw = 


_— 
as 








= «~ we ey ne ap "a 


= Scrapie agent unlike viruses 


in size and susceptibility to 
inactivation by ionizing or 
ultraviolet radiation 


SıR—The validity of using ionizing radi- 
ation for estimating the biologically 
effective sizes of macromolecule might 
appear to be called into question by 
Rohwer’. His Fig. 4, showing very little 
correlation between inactivation dose and 
molecular weight (MW), purports to be 
based on a “literature search”. That search 
evidently led him for the most part only 
to secondary, in some instances tertiary, 
sources (13 out of 24 references for inacti- 
vation doses are from Kaplan and Moses’, 
who had made use of a previous compila- 


_ tion by Terzi*). Some of the references are 
= wrong—always a pitfall when these are 
_ taken from another paper without a check; 
and many of the “inactivation doses” used 


in Rohwer's figure were from experiments 
that were quite unsuitable for yielding data 
from which MWs could be calculated. 
The requirements for the application of 
“target theory’* are: (1) that the test 


= macromolecules should be irradiated dry; 


(2) that oxygen should be present; (3) that 


_ temperatures should not be so low that 
_ charge migration is prevented; (4) that the 


radiation dosimetric methods should be 


-fully reliable. Reasons for these minimal 


requirements have been given elsewhere’. 
Our estimate® of the MW of the scrapie 


agent, about 1.5x 10°, was based on the 
Lea theory*, which, in our experience, has 


proved a reliable guide, of great predictive 
value. There is a good match between 
target theory and independent estimates 
of MWs of proteins and virus nucleic acid 
cores, over a range of 5x 10* to 10° (refs 
5, 7, 8, 9). Almost all the significant depar- 


tures from the Lea theory* displayed in 
_ Rohwer’s figure can be explained. For 
=- most of them, Kaplan and Moses’ were 


_ used as the source for inactivation dose; 


they will be referred to as K & M in the 
following few examples: 


Ds Newcastle disease vires. Inactivation dose 


‘2 too low to fit the Lea theory. K & M cited 
Rubin and Temin'®’, who irradiated the 


_ Virus in suspension, so radiolysis products 


of water would have contributed to the 
inactivation. 
Yellow fever virus. Molecular weight too 


low, about one-tenth of what we’ took 
_ from our independent source''. Rohwer's 


source’? makes no mention of the MW of 


~ this virus. 


Vaccinia. D,, incorrectly quoted by 


- Rohwer from K & M who cited McCrea! 


incorrectly. McCrea’s Fig. 4 gives D, as 
2.9x 10* r. Even this may be an overesti- 
mate, since the material was evidently 
irradiated in vacuo. 

Shope papilloma. D, plotted as too high 
to fit the Lea theory. K & M’s source is 
Syverton et al.'*, who gave the dose for 
“total inactivation”—an unknown multi- 
ple of the inactivation dose, which will 
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deliver an average of one “hit” per 
macromolecule, and therefore, because of 
the random nature of the ionizing events, 
will leave a fraction e' of the irradiated 
population biologically active. 

The need for brevity inhibits enumera- 
tion of all the errors included in Rohwer’s 
Fig. 4. But perhaps he may now be stimu- 
lated to make a more thorough literature 
search, paying attention to the validity of 
the sources cited for MWs as well as to 
the experimental details of studies yielding 
“inactivation doses” for viruses. He would 
find it of assistance also to include in his 
review of molecular weights versus 
inactivation doses some reliable results on 
proteins, inactivation doses for some of 
them being less than for the scrapie 
agent*’> 

Rohwer states that the “small 
size... inferred from scrapie’s resistance 
to inactivation by ionizing radiation estab- 
lished and continues to foster expectations 
of an unconventional structure”. He failed 
to refer to the studies which so strikingly 
confirmed those expectations, namely the 
completely unvirus-like UV action spec- 
trum of the scrapie agent’, 

TIKVAH ALPER 
Birkholt, Crableck Lane, 
Sarisbury Green, 
Hampshire SO3 6AL, UK 






Rohwer, R. G. Nature 308, 658-622 (1984). 

Kaplan, H. S. & Moses, L. E. Science 145, 21-25 (1964), 

Terzi, M. Nature 191, 461-462 (1961). 

Lea, D. E. Actions of Radiations on Living Cells (Cambridge 

University Press, 1946). 

5. Alper, T. Cellular Radiobiology (Cambridge University 
Press, 1979). 

6. Alper, T., Haig, D. A. & Clarke, M. C. Biochem. biophys. 
Res. Commun. 22, 278-284 (1966). 

7. Alper, T. & Haig, D. A. J. gen. Virol. 5, 157-166 (1968). 

8. Blum, E. & Alper, T. Biochem. J. 122, 677-680 (1971). 

9. Alper, T. Adv. exp. med. Biol 84, 139-163 (1977), 

10. Rubin, H. & Temin, H. M. Virology 7, 75-91 (1959). 

11. Bergold, G. H. & Weibel, J. Virology 17, 554-562 (1962). 

Fraenkel-Conrat, H. Compreh. Virol. 1 (1974). 

13. McCrea, J. F. Ann. N.Y. Acad. Sci, 83, 692-705 (1960). 

14. Syverton, J. T., Berry, G. P. & Warren, S. L. J. exp. Med. 
74, 223-234 (1941). 

15. Hutchinson, F. & Pollard, E. in Mechanisms in Radiobiology 

Vol. 1 (eds Errera, M. & Forssberg, A.) (Academic, New 


a a 


York, 1961). 

16. Latarjet, R., Muel, B., Haig, D. A., Clarke, M. C. & Alper, 
T. Nature 277, 1341-1343 (1970). 

17. Alper, T., Haig, D. A. & Clarke, M. C. J, gen. Virol 41, 
503-516 (1978). 


© A reply from Rohwer may appear in a later 
issue. 


Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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Accretion of the China blocks 


IN their discussion of the assembly of the 
China blocks, Lin, Fuller and Zhang 
remark that they have “no detailed 
palaeomagnetic results from Middle 
Triassic to Lower Jurassic” for the South 
China block and the North China block, 
which prevents accurate timing of the 
amalgamation of these blocks. Palaeonto- 
logical data provided by recent Thai- 
French work in northeastern Thailand 
may be of interest in this regard, as they 
give a latest possible date for the establish- 
ment of a land connection between 
Indochina and Laurasia and, indirectly, 
for the accretion of the South China and 
North China blocks. 

Among the continental vertebrates 
found in the late Triassic (Norian) Huai 
Hin Lat Formation of northeastern Thai- 
land, the lungfish Ptychoceratodus cf. 
szechuanensis is closely related to a form 
from South China’; this is in agreement 
with the reconstruction by Lin, Fuller and 
Zhang which shows the Indochina block 
attached to South China as early as the 
Permian. 

Furthermore, other vertebrates from 
the Huai Hin Lat Formation, such as 
phytosaurs*, turtles* and stegocephalian 
amphibians*, show remarkable affinities 
with forms from the classical late Triassic 
localities of Germany. These resemblances 
show that by late Triassic times, the 
Indochina block had already been “colon- 
ized” by a Laurasian land vertebrate 
fauna®. These vertebrates must have 
reached the Indochina block via the South 
China block and the North China block, 
which itself had become accreted to the 
Russia/ Siberia block in the late Permian 
according to Lin, Fuller and Zhang’. 

There is no other plausible faunal inter- 
change route between Europe and South- 
East Asia for Laurasian land vertebrates 
in the early Mesozoic. Therefore, it can be 
concluded that the South China block and 
the North China block had probably 
become accreted by the beginning of the 
late Triassic. This is in agreement with Lin, 
Fuller and Zhang’s suggestion’ that 
“amalgamation occurred during the 
Triassic Indosinian orogeny”, but avail- 


able palaeontological data from Thailand 


would not preclude an even earlier 

accretion. 
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1985. Pp.601, ISBN 0-88167-076-6, $8150. 

The Concise Birds of Britain and Europe. By HER- 
MANN. HEINZEL. Hodder & Stoughton: 1985. 
Pp.64. ISBN 0-340-37213-3. £2.95. 

` Contributions to Nephrology, Volume 44: Disputed 
issues in Renal Failure Therapy. M. J. LYSAGHT.E. 
-WETZELS and H, J. GURLAND (eds). Karger: 
1985. Pp.294. ISBN 3-8055-3938-X. SwFr. 98, DM 
T17, $41.75, 
contributions to Nephrology, Vol. 46: Highly 
pable Membranes. E. STREICHER and G. 
ART (eds). Karger:1985. Pp.186. ISBN 3- 











IOS and GREGORY $. WHITT (eds). 
Pp.311. ISBN 0-8451-0261-3, £52 






985. 






| 056481-7. £28.75. 


Cypress Swamps. KATHERINE CARTER EWEL 
and HOWARD T. ODUM (eds). University of Flor- 
ida Press:1985. Pp.472. ISBN 0-8130-07] 4-3, $25, 

The Development of the Vertebral Column: Ad- 
vances in Anatomy Embryology and Cell Biology, Vol. 
9. Ey ABRAHAM J. VERBOUT. Springer- 

Verlag:1985. Pp.J22. ISBN 3-840-13730-0/0-387- 
137300. DM 60. 

Developments in Biological Standardization. W. 
HENNESSEN (ed.}. Karger:/984. Pbk ISBN 3-8055- 

3971-1, Pbk DM 144, $72. : 

The Dictionary of Roses in Colour. By S. MILLAR 
GAULT and PATRICK M. SYNGE. Michael 
Joseph:1985. Pp.191. ISBN 0-7181-2182-1. Phk £8.95, 

Ecological Systems of Geobiosphere, Vol. 1: Ecolo- 
gical Principles in Global Perspective. By HEINRICH 
WALTER and SIEGMAR W. BRECKLE. Springer- | 

Verlag:1988, Pp.242, ISBN 3-540-13792-0. DM 98. 

Ecotoxicology. Ecological Bulletins 36. L. RAS- 
MUSSEN (ed.)}. Publishing House of the Swedish Re- 
search Councils, Box 6710, §-11385 Stockholm, 
Sweden: 1985. Pp.170. ISBN 91-86344-18-8. Np. 

The Emergence of Humankind, 4th Edn. By JOHN 
E. PFEIFFER. Harper & Row:1985. Pp.440. ISBN 
O-06-045201-3. Np. 

The Enzymes of Biological Membranes, 2nd Edn. 
ANTHONY N. MARTONOSI (ed). Plenum:1985. 
Pp.449. ISBN 0-306-41452-X. Np. 

Eric Hosking’s Owls. By ERIC HOSKING and JIM 
FLEGG. Mermaid Books: 1985. Pp.171. ISBN 0- 
7207-1601 -2, £7.95. 

Escarbajos: 200 Millones de Años de Evolución, By 
MIGUEL ANGEL MORON RIOS. Instituto de Eco- 
logia, Apartado Postal 18-845, Deleg Miguel Hidalgo, 
11800 Mexico: 1985. Pp.132. ISBN 980-7213-01-9, 
$40. 

Exploitation of Marine Communities: Life Sciences 
Research Report, Yol, 32. R. M. MAY (ed). 
Springer-Verlag: 1985. Pp.366. ISBN 3-540-15028-5/0- 
387-15028-5. DM 48. 

The Fern Herbal. By ELFRIEDE ABBE. Cornell 
University Press:1985, Pp. 103. 0-8014-1718-X. $30. 

Fish Energetics: New Perspectives. PETER TYT- 
LER and PETER CALOW (eds). Croom Helm; 1985. 
Pp. 349, ISBN 0-7099-3410-6. £27.50. 

Flora of New Zealand: Lichens. By D. J. GALLO- 
WAY. Government Printing Office:1985. Pp.662. 
ISBN 0-477-01266-3. NZ$39.95. 

Food Toxicology—Real or Imaginary Problems? G. 
G. GIBSON and R. WALKER (eds). Taylor & 
Francis:1985. Pp.403. ISBN 0-85066-272-9. £40. 

Fundamentals of Human Neuropsychology, 2nd 
Edn. By BRYAN KOLB and IAN Q. WHISHAW. 
W. H. Freeman:1985. Pp.785. ISBN 0-7167-1672-0. 
£24.95, 

Gene Expression in Muscle. RICHARD C. 
STROHMAN and STEWART WOLF (eds). 
Plenum:1985. Pp.434. ISBN 0-306-41894-0. Np. 

Genetics: New Frontiers, Vols 1, 2, 3 and 4. V. L.. 
CHOPRA er al. (eds). Oxford & IBH Publishing, 66 
Janpath, New Dehli, india:1984, Vol.4, pp.485; Vol. 
2, pp.316; Vol. 3, pp.309; Val. 4, pp.398. Np. l 

Growth and Maturation Factors, Vol. 3. GORDON. 
GUROFF (ed.). Wiley:1985. Pp.346. ISBN 0-47]- 
09707-1. Np. 

The Gulf of Aqaba: Ecological Micropaleontology. 
By Z. REISS and L. HOTTINGER. Springer- 
Verlag:1984. Pp.354. ISBN 0-387-13486-7. DM 188. | 

Hammersmith Cardiology Workshop Series, Vol 2. 
ATTILIO MASERI (ed.). Raven: 9835. Pp. 244. 
ISBN 0-88167-038-3. $58.50. 

Herpesvirus. FRED RAPP (ed). Alan R. 
Liss:1984. Pp.715. ISBN 0-845 1-2620-2. Np. 

Human T-Cell Leukemia Virus: Current Topics in | 
Microbiology and Immunology, Vol. 115. P. K. VOGT 
(ed.). Springer-Verlag:1985. Pp.265. ISBN 3-540- 
13963-X. DM 146. 

illustrated Encyclopedia of Human Histology. By R. 
V. KRSTIĆ. Springer-Verlag:1984. Pp.450. ISBN 0- 
387-13142-6. DM 89. 

Immunotoxicology: A Current Perspective of Princi- 
ples and Practice. P. W, MULLEN (ed.). Springer- 
Verlag:1984, Pp.161. ISBN 0-387-13382-8. DM 76. 

Introduction to the Practice of Fishery Science. By 
WILLIAM F. ROYCE. Academic:1984. Pp. 428. 
ISBN 0-12-600960-0, $35, £27.50. 

introduction to Wildlife Management. By JAMES | 
SHAW. MeGraw-Hill:1988. Pp.316.. ISBN. 0-07. 





| ISBN 0-8036-5293-3. Pbk $27.50. 


_ Monographs. on Chemistry, Vol. 12. By EDWIN H/ 


NAU and LEONARDUS G. M. GEIJSBI 
| 387:13709-2. DM 52. 


| Pp.318. ISBN 0-85066-285-0. £30. 













































In Vitro Perfusion of Human Placental Tiss 
SCHNEIDER and J. DANCIS {eds}, Karg 
Pp.189. ISBN 3-8055-3986-X. SwFr. 130; 
$55.50. anne ae 

Male Fertility and Its Regulation. T. LO 


S. E. HAFEZ (eds). MTP Press:1 985; Pr. 
0-85200-805-8, £65. ONE 
Man and His Thermal Environment, By 
CLARK and O. G. EDHOLM. Edward Amo 
Pp-253. ISBN 0-7131-4445-9. £39.95. 
Mechanisms of Blood Pressure Wave, KIY 
MIYAKAWA, H. P. KOEPCHEN and C POL 
(eds). Springer-Verlag:1984. Pp.360. ISB 
13164-7. DM 98. o Š 
Mechanisms of Integration in the Nervou 
COMPANY. OF BIOLOGISTS. The Bi va 
Society, PO Box 32, Commerce Way, Colchest 
Pp.357, ISBN 0-9508709-3-5, £25, $60, ome 
: Medical Mycology: A Self-Instruction Tex 
MARTHA E. KERN. F. A. Davis, 1915 Archst? 
Philadelphia, Pennsylvania 19103:1985. Pp.239. Pb. 





Medical Parasitology: A Self-Instructional Text, 2n 
Edn. By RUTH LEVENTHAL and RUSSELL 
CHEADLE. F-A. Davis:1985. Pp.193. ISBN 0-8036 
597-5. $27.50. ae 
Metabolites and Metabolism: International Series 


LAM. Clarendon:1985. Pp.161. ISBN 0-19-85537) 
L753. ig ed 
Methods in Skin Research. D. SKERROW and C 
J. SKERROW (eds). Wiley-1985. Pp.673. ISBN 0 
471-105 12-0. £60. sai 
Microbial Adhesion and Aggregation: Life Sciences. 
Research Report, Vol. 31. K. C. MARSHALL (ed.) 
Springer-Verlag:1984. Pp.423, ISBN 3-540-13996-6/0- 
387-13996-6. DM 59. ne 
Microsomes and Drug Oxidations. A. R. BOOBIS 
et al. (eds). Taylor & Francis:1985. Pp.428. ASBN | 
0-&5066-282-6, £40. See paie 
Molecular Basis of Insulin Action. MICHAEL P 
CZECH (ed.). Plenum:1985. Pp.473. ISBN 0-306 
41843-6. Np: i 
The Molecular Basis of Sex ant Differentiation: A 
Comparative Study of Evolution, Mechanism, and 
Control in Microorganisms. By MILTON H; SAIER 
and GARY R. JACOBSON. Springer-Verlag:1984, 
Pp.216, ISBN 3-540-96007-4/0-387-96007-4, DM 98. 
Monkeys and Apes. By GOTTHART BERGER 
Arco:1985. Pp.240, ISBN 0-668-06204-5. $24.95. 
Monographs on the Physiological Society, No. 41 
Energetic Aspects of Muscle Contraction. By ROGER - 
C..WOLEDGE, NANCY A. CURTIN and EARL 
HOMSHER. Academic:1985. Pp.359. ISBN.0-1 
761380-6. $79.50, £79. 50. P hag ganic 
Morphogenesis of the Brain in Staged Rhesus 
Monkey Embryos: Advances in Anatomy Embryol 
and Cell Biology, Vol. 91. By AGNES A. M. ¢ 


Springer-Verlag:1985. Pp.69. ISBN 3-540-137 } 


The Natural History of Britain and Ireland.” 
HEATHER ANGEL. Mermaid:1985. Pp.256. ISB 
0-7181-2557-6, Pbk £8.95. oT ee 

A Naturalist’s Guide to the Year. By HOW 
SMITH. Dutton:1985. Pp.294. ISBN 0-525-2429 
SIRS. FP ue? eh S 

Naturewatch: Exploring Nature with your Child 
By ADRIENNE KATZ. Judy Piatkus Limite 
London: 1985, Pp.128. Hbk ISBN 0-86188-498-1; pbk 
ISBN 0-86188-301-2. Hbk £7.95; pbk 3.98. 

New Comprehensive Biochemistry, Vol. 10: Glyco 
pids. HERBERT WIEGANDT (ed.) Elsevier:198. 
Pp. 314. ISBN 0-444-80595-8. $59, Dfi. 159. i 

The Node of Ranvier. JOY C. ZAGOREN an 
SERGEY FEDOROFF (eds).  Academic:1984: 
Pp.392, ISBN 0-12-775230-7. $69, £53. an 

Parasites and Diseases of Fish Cultured’ in: 
Tropies. By Z. KABATA. Taylor & Francis: 


The Plasma Proteins: Structure, Function, 
Genetic Control. FRANK W. PUTNAM 
Academic: 1984. Pp.420. ISBN 0-12-56840 
Programmes for Development: Genes 

































































































POSNER ea. a “Mare ef Dekker: J O85. 

@-8247-7110-9, US $95: 

pairable Lesions in Microoorganisms, A. 
F and A. a oy Academic: 1985. 


Pp. 599, 


‘Salinity Under irrigation: Processes and Man- 
ment. Ecological Studies, Vol. 51. 1. SHAINBERG 
SHALHEVET (eds). Springer-Verlag: 1984. 
d ISBN: 3. 340-1 13565-0/0- 387-1330650. DM 148, 


rm ‘Competition, ‘and. the Evolution. of ‘Animal 
ting Systems. R. L. SMITH (ed.). Academic: 1984. 
687. ISBN 0-12-652570-6. $41, £32. 

stematics of the Green Algae. D. E. G. IRVINE 
D. M. JOHN (eds). Academic:1985. Pp.449. 
74040-1. $74, £57. 

‘ulture in Forestry and Agriculture. RAN- 
PE R: HENKE er al. (eds). Plenum:1985. 
ISBN 0-306-41919-X. Np. 

‘ropical Rain-Forest: The Leeds Symposium. A. C. 
CHADWICK and S. L. SUTTON (eds.} Leeds Philo- 
sophical & Literary Society, City Museum, Calverley 
Street, Leeds LSI 3AA:1984. Pp.335. ISBN 0-950- 
Wildfowl, By ERIC HOSKINGS and J. KEAR. 
Croom Heim:1983. Pp.153. ISBN 0-7099-1291-9. 





Basic Concepts in Teratology. By T.V.N. PER- 

SAUD, A.B. CHUDLEY and R.G. SKALKO. Alan 
OR. Liss:1985. Pp. 190. ASBN 0-8451-0241-9. £29. 

. Biotechnology for the Oils and Fats Industry. 
“COLIN: -RATLEDGE, PETER DAWSON and 
- JAMES. RATTRAY (eds). Allied Oil Chemists Socie- 
“tye 508 S: Sixth St, Champaign, IL 61820, USA:1984. 
< Pp. 298. $40. ; 

“> Determinants of Substance Abuse: Biological, 

Psychological, and. Environmental Factors. MARK 
 GALIZIO and STEPHEN A. MAISTO (eds). 
_ Plenum:1985. Pp.443. ISBN 0-306-41873-3. Np. 
Drug Determination in Therapeutic and Forensic 

eats. ere REID. and TAN D. WILSON (eds). 
: ISBN 0-306-41809-6. Np. 

j ders: Pathophysiology and Ther- 

l ESTER and DAVID B. SKIN- 


“i Nutrition apit | Diabetes. LOK 
CHARLES M. 








PETERSON (eds). A : 
Liss: 988. Pp. 208. ISBN G-8451~1200-7. £276 5i 
Pharmacokinetics of Sulfonamides Revisited: Anti- 


biotics and Chemotherapy, Vol. 34. By TOM B. 


VREE etal. Karger:1985. Pp.208. ISBN 3-8055-3949- 


S, SwFr. 170. DM 204. $72.50. 


Polymers as Biomaterials. SHALABY W. SHA- 
LABY et al. (eds). Plenum:1985. Pp.389. ISBN 0- 
306-41 886-X. Np. 

Presynaptic Modulation of Postsynaptic Receptors 
in Mental Diseases. ANDRE 1. SALAMA (ed.) New 
York Academy of Sciences:1984. Pp.139. ISBN 0- 
89760-254-7, $31. 

Prevention of Infant Mortality and Morbidity. F. 
FALKNER (ed.). Karger:1985. Pp.176. ISBN je 
8055~I989-—-4. DM 107, $38. 

Psychoactive Drugs and Sex. By ERNEST L. 
ABEL. Plenum:/985. Pp.234. ISBN 0-306-41869-X. 
$27.50. 

Psychosomatic Obstetrics and Gynecology: Ad- 
vances in Psychosomatic Medicine, Vol. 12. M.B. 
ROSENTHAL and D.H. SMITH (eds). Karger:/985, 
Pp. 188. ISBN 3-8055-3967-3. SwFr. 82, DM 98, 335. 
_ Recent Developments in Pig Nutrition. By D.J.A. 
COLE and W. HARESIGN. Butterworths:1985,. 
Pp.321. ISBN 0-407-00339-8. £13.95. 

Receptor-Mediated Targeting of Drugs. G. GRE- 
GORIADIS er al. (eds). Plenum:1985. Pp.491. ISBN 
0-306-41831-2. Np. 

Recombinant DNA Methodology. JO-ANNE R. 
DILLON, ANWAR NASIM and EARLE R. 
NESTERMANN (eds). Wiley:1985. Pp.219. Pbk 
ISBN 0-471-89851-1. Pbk £22.95. 
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Psychology 


Animal Models in Psycopathology. N. W. BOND 
(ed.). Academic: 1985, Pp.318. ISBN 0-12-114180-2. 
$29, £22. 

Cognition, Metacognition, and Reading. By D.L. 
FORREST-PRESSLEY and T.G. WALLER. 
Springer-Verlag:1985. Pp.239. ISBN 0-387-90983—4/ 
3-540-90983-4. DM 8&4. 

Cognition and Psychotherapy. MICHAEL J. 
MAHONEY and ARTHUR FREEMAN (eds). 
Plenum:1985. Pp.357. ISBN 0-306-41858-4. Np. 

Obsessive-Compulsive Disorder: Psychological and 
Pharmacological Treatment. MATIG MAVISSAKA- 
LIAN, SAMUEL. M. TURNER and LARRY 
MICHELSON (eds). Plenum: 1985, Pp.257. ISBN 0- 
306--41850-9, $29.50. 

Social Psychiatry. VLADIMIR HUDOLIN (ed.). 
Plenum:1984. Pp.874. ISBN 0-306-41342-6. Np. 





Education 


The Identification of Progress in Learning. T. 
HAGERSTRAND (ed.). Cambridge University 
Press:1985. Pp.204. ISBN 0-521-30087-8. $39.50, 


£22.50. 


‘Understanding Learning Disabilities: International 


"and Multidisciplinary Views. DRAKE D. DUANE 


and CHE KAN LEONG (eds). Plenum:1985. Pp.272. 
ISBN 6-306--41900-9. $42.50. 





General 
Alchoholic Beverages: Dimensions of Corporate 


, | Power. By JOHN CAVANAGH and FREDERICK 
- F. CLARIMONTE. Croom Helm:1985. Pp.173. 
| ISBN 0-7099-3439-4. £16.95. 


Ancestral Voices: Language and the Evolution. of 


| ‘Human Consciousness. By CURTIS G. SMITH. 
> Prentice-Hall:1985. Pp.178. 


| Pbk $8.95. 
Appropriate Waste Management for Developing 


Countries. KRITON CURI (ed.). Plenum:1985. | 


d.j. | Pp.673. ISBN 0-306-41909-2. Np. 
--Asimov’s New Guide to Science. By ISAAC ASI- -$31 







K: y MOV. Viking: 1985. Pps 940. ISBN 0-670-80347-2. | 


ISBN 0~13~-036179-8. | 










£30.50. | 
Facets of Hydrology H. JOHN C. RO 
Wiley: 1985. Pp.447. ISBN 0-471-90338-% 

The Forests of Ireland: History, Disti 
Silviculture. By NIALL O° CARRO 
Press:1985. Pp.128. Hbk ISB. : 
£11.93. 

Foundations of Logic and Lingul 
Their Solutions. GEORG DORN. and 
GARTNER (eds). Plenum:1985. Pp. 7 
306-41916-5. Np. 

Historical Monitoring: A Technical Ri 
MONITORING AND ASSESSMENT F 
CENTRE. Monitoring and Assessme 
Centre, University of London, The Octag 
459A Fulham Road, London SWIO 
Pp.320. ISBN 0-905918-28-2. Np. 

Homo Schizo Hl. By ALFRED DE GR 
ety for Interdisciplinary Studies. Pp.2e 
940268-02-7. Np. 

In Her Own Words: Oral Histories ofi 
icians. REGINA MARKELL MORA 
THIA STODOLA POMERLEAU a 
HANSEN FENICHEL (eds). Yale 
Press:1982. Pp.284. ISBN 0-300-03352— 

The Inland Navigator. By BRYA) 
Penguin:1985. Pp.352. ISBN 0-670-8008 

Mass Murder: America’s Growing 
JACK LEVIN and JAMES AL 
Plenum.1985. Pp.252. ISBN 0-306-4194 

Masters Theses in the Pure and App! 
Accepted by Colleges and Universities | 
States and Canada, Vol. 28. WADE | 
(ed.). Plenum:1984. Pp.300. ISBN 0-3 
$85. 

The Mycenaeans and Europe. By A.F. 
Academic:1984, Pp.334. ISBN 0-12-32 
£32.50. 

Navigable Waterways. By L.T 
Penguin:1985. Pp.239. ISBN 0-14-0076, 

Nuclear Arms Control: Backgrounc 






| NATIONAL ACADEMY OF SCIENC 


Academy Press:1985, Pp.378. ISBN Q- 
$16.50. 

Office Automation: A User-Driven 
DON TAPSCOTT. Plenum: 1985. Pp.2. 
0-306-41973-4. Pbk $14.95. 

Outside Now: September and Octob 
VOR TERRY and MARGARET LIN 
Hyman, Denmark House, 37/39 Qiu 
Street, London:1985. Pp.32. Pbk ISBN 
6. Phk £1.50. 

A Poison Stronger than Love: The De: 

Ojibwa Community. By ANASTATIS 
NYK. Yale University Press:1985.. Pp. 
3000-029977.. Hbk £30; pb 

Population; Health and Nutrition in th 
in the Welfare of Selected West African: 
ALLAN G. HILL (ed). KPE: 1985. 
07103-0099-9. Np. 

Potential Energy ‘Functions: in C 
Analysis. By KJELD RASMUSSE 
Verlag:1985. Pp.230. Pbk ISBN 0-3. 
540~-13906-0.. Pbk.DM 48. < o 0 
_ Potential for. Field Beans (Phaseolus 
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Although very few people have actually seen a Giant 
Panda, it is probably the world’s most familiar and lovable 
animal. 

Unfortunately, it has a very low reproduction rate. 
And there is an acute shortage of its bamboo food supply. 
So the Giant Panda is threatened with extinction. 

To solve these and other problems, the World Wild- 
life Fund and the Peoples Republic of China are cooperating 
in a major Panda Conservation Programme. Philips is 
helping, too. 

At Wolong Natural Reservation in Sichuan 
Province, a Philips atomic absorption spectrophotometer is 
used to research alternative areas for growing bamboo, and 
to analyse the nutritional value of its edible shoots. 

Panda blood and faeces, too, are analysed to monitor 
the vitamins and minerals necessary for their survival. 


Philips-helping: 
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tureto help itself. 





Of course, Philips also helps human nature to help 
itself. By developing advanced medical diagnostic aids 
such as Magnetic Resonance imaging, for example. Signifi- 
cantly, MR imaging can detect changes in body tissue at a 
very early stage. 

MR can also be used in spectroscopy for examination 
of sodium, fluorine, and phosphorus elements which all 
play an important part in body metabolism. 

Helping nature to help itself is a Philips commitment 
reflected in a range of new-technology investigational tools 
for many applications in the life sciences. 

Philips. The sure sign of expertise worldwide. 
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dense bands up to 40D background for every sample track isa 
Handle standard 25 cm wide gels without cutting bands down to 50um BS 


Your next densitometer 
gives more value 


More value than any other scanner. UltroScan XL® you peak location, labelling, quantitation, start and - 

s the most advanced densitometer today. Giving stop points, area integration as well as all program- 

zou a versatility that lets you scan any type of gel. med parameters. | 
Tor polyacrylamide, agarose, cellulose acetate, auto- Rescaling lets you magnify areas of interest. k 
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The strength of the magnetic field out of the Earth's 
core in 1980 (top), based on measurements made by 
the MAGSAT satellite and 1780 (bottom), based on 
_ measurements made on land and at sea at the time of 
Captain. James: Cook's ‘voyages in the Pacific. It 
tesembles the ficld of two bar magnets rather than 
one, and surprisingly the strength at the gcographical 
poles is nearly zero, The scale runs from +10 gauss 
1. ark bluc) to —10 gauss (black). Some features, like 
4othe red patch beneath South: America. have drifted 
“Slowly west; the patch NW of Australia moves rapidly 
west to coalcsee and form the feature stretching fram 
S. Africa to S: America, See page 777. 
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Teaching technology needs more thought 


British secondary schools seem to have a flair for making most things seem academic. Now there ts a 


danger of them doing that to technology. 


Britain 1s now almost symmetrically ambivalent about technol- 
ogy. On the one hand, august committees of the House of Lords 
utter sombre warnings that, on present trends, Britain’s exports 
of manufactured goods will be such a steadily declining propor- 
tion of the total during the coming decade (as they have been in 
the past decade) that, by the end of the century, the chance of 
staying economically afloat will be almost negligible. The gov- 
ernment, on the other hand, rejects this simplistic advice (which 
is fair) on the grounds that service industries are as worthwhile 
as manufacturing industries, but also urges that Britain should 
become more conscious of the power of technology in the mod- 
ern world in case it may be possible to earn an honest penny that 
way. And British secondary schools, constitutionally bereft of 
firm guidance, do their best to please those whose voices are the 
most plausible, not least by trying to teach technology in secon- 
dary schools, to students from age eleven upwards. An unreflec- 
tive account of some of the nonsenses that result from these 
good intentions can be read ın a booklet published last week by 
the Department of Education and Science, and which 1s the 
report of an enquiry into the teaching of technology in schools 
carried out by a group of school inspectors, Technology and 
school science (HMSO, £2.00). 

The starting-point for enquiry 1s a statement that the “tech- 
nological component” of the secondary school curriculum in 
Britain is likely to increase because of the general recognition 
“that we live in an increasingly technological society” and that 
“living and working is such a society” requires “some contact 
with, and appreciation of, technology”. The proposition 1s an 
unexceptionable platitude from which nobody will dissent. Dur- 
ing the past two decades of curriculum development in British 
secondary schools, it has from time to time been a powerful 
stimulus to change. Two decades ago, for example, there were 
several curriculum projects designed to introduce technology as 
a school subject fit to be taught alongside Latin and Greek as 
vehicles by which students could earn grades in school-leaving 
examinations (which remains the chief purpose of British secon- 
dary schools). Now, another wave of enterprise ıs under way, 
fanned by the interests of organizations as different as the De- 
partment of Trade and Industry and the Fellowship of Engineer- 
ing, and aided by the complicity of the organizations that pro- 
vide public examinations for British schools. Before the new 
wave of this movement gets out of hand, ıt would be as well that 
those concerned should ask themselves what they are about 


Tackling technology 


Technology is every bit as important as its well-wishers say, both 
as a means by which countries (even Britain) can regain a sembl- 
ance of prosperity and as a component of the education of young 
people. The immediate issue, that with which the school inspec- 
tors’ report is concerned, is how it should be handled in 
secondary-school classrooms. The inspectors’ report is an in- 
teresting and in many ways amusing account of how young 
people have tackled technical exercises in British schoolrooms. 
Young people have drilled holes in the lids of tin cans, using 
them to produce jets of steam that may make mock turbine- 
wheels spin, and have fitted clothes pegs with fins of various 
kinds so as to test the stability of objects moving through fluids. 
By most accounts, young people enjoy activities such as these, 


which 1s not surprising. There is also some anecdotal evidence 
that little projects give young people confidence in tackling large 
projects, as some are required to do as part of formal and 
examined courses called by names such as “applied science and 
technology”, which is again no wonder. The question that neith- 
er the school inspectors nor their sponsors stop to ask is what all 
this does for the education of young people, either as profession- 


` al engineers or as citizens of a new world. 


Foundations 

Here are some principles from which to start. First, project work 
in schools is, generally, a valuable activity; there should be more 
of it, in all kinds of contexts, but projects should stretch the 
imagination and not consist (as they often do) of exercises in 
copying out what may be found ın library books. (The inspectors 
agree on the last qualification.) This is a strictly educational 
argument, in support of which there is a host of shining exam- 
ples. Second, however, there is no necessary connection be- 
tween projects mounted at school and an adult’s later under- 
standing of the realities of modern technology. That lesson 
needs to be learned, for which purpose some experience of the 
inspectors’ brave new world in needed. One easy way of provid- 


‘ing that ın schools is to enable young people to handle the bits 


and pieces of modern technology, which argues for helping them 
to tinker with automobile engines (too often thought a demean- 
ing activity in Britain), to use computers and sometimes to mend 
them. But, third, it is a disservice to young people (and their 
eventual employers) to pretend that there is something about 
technology, and project-based technolegy, that is independent 
of sctentific understanding. The British inspectors cannot be 
faulted on that ground, complaining of some of what they have 
found in schools that this or that activity fails to provide or to 
evoke a proper understanding of the underlying science. (A 
little pedantically, they go on to complain that existing courses 
on applied science and technology pay too little attention to 
technology based on chemistry and biology.) The cruellest de- 
ception, again apparently growing in British schools, is that 
technology is antithetical to science, even an alternative thereto. 

The inspectors are not guilty on that score, but there is every 
reason to suspect that too many parts of the British government 
are guilty of the heresy. The inspectors themselves fall into the 
trap of saying that “technology needs to be a compulsory part of 
the curriculum” 1f all school-leavers are to have some knowledge 
and experience of ıt. Presumably, since they consider that tech- 
nology and science are inseparable, the inspectors also consider 
that science should be dealt with similarly But is “knowledge” 
of technology sufficient, and can “experience” of ıt be gained 
except at work (not necessarily as an adult)? The British have a 
legend, probably untrue but relevant nevertheless, that James 
Watt invented the steam engine against the memory of the lid of 
his mother’s tea-kettle lifted by the steam beneath. Many of his 
successors were moved to work in industry by the excitement of 
seeing Watt’s and later machines at work. Similar experiences 
are possible still, but in different contexts. The present anxiety 
that technology should be a “compulsory part of the curriculum” 
unfortunately falls into the standard British trap of supposing 
that everything important should be taught to young people at 
school, and then made the basis of an examination. o 
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Academic boycotts 


—NEWS— 


Archaeologists riven by © 
ban on South Africans 


PREPARATIONS for the world congress on 
archaeology due to be held next Septem- 
ber at Southampton, England, have been 
clouded by a ban on attendance by scien- 
tists from South Africa. Some of those 
now disinvited are complaining that the 
ban is an infringement of the rules of the 
Union Internationale des Sciences Préhis- 
torique et Protohistorique (I[UPPS) under 
whose aegis the congress is planned and 
whose constitution says that the union’s 
proceedings shall be open to all. And 
some of those not affected by the ban who 
had planned to travel to Southampton 
next year have written to say that they will 
not now be attending. 

Professor Phillip V. Tobias, professor 
of anatomy at the University of Wits- 
watersrand and one of those affected ‘by 
the ban, said at the weekend that the ban 
on the attendance of people from South 
Africa ts the first to his knowledge to have 
been formulated by academics and en- 
forced against fellow-academics. Usually, 
he said, obstacles to attendance at interna- 
tional conferences are decreed by govern- 
ments, although there is now a long list of 
conferences from which people have with- 
drawn because they object to the presence 
of certain others. 

The row at Southampton seems to have 
been forced on the local organizing com- 
mittee by four separate though not neces- 
sarily independent pressures. The local 
university branch of the Association of 
University Teachers (AUT) seems to have 
taken the initiative, telling the organizing 
committee for the congress that national 
AUT policy forbids academics who are 
members of the umon from maintaining 
links with South African academics. The 
students’ union at Southampton, which 
controls some of the accommodation that 
the congress planned to use, followed with 
a threat of direct action. The Anti- 
Apartheid Movement had also written to 
more than a score of London embassies, 
asking them to boycott the congress 

Finally, the Southampton City Council, 
now under the control of the Labour Par- 
ty, having expressed misgivings about the 
possible presence of South African scien- 
tists in Southampton next September, for- 
mally resolved last month to rid itself of all 
economic, academic and cultural links 
with South Africa. This decision appears 
to have been especially influential in guid- 
ing the organizing committee to its dect- 
sion that membership of the congress 
should not be extended to those working 
in South Africa; the city council had ear- 
lier agreed to contribute towards the cost 
of the congress £40,000 in cash together 
with an unquantified amount of help with 


accommodation and hospitality. 

The members of the organizing commit- 
tee seem to have found this summer’s 
dilemma a painful experience The'chair- 
man of the committee, Professor John 
Evans of the Institute of Archaeology at 
the University of London, explained this 
week that he and his fellow members had 
reached their decision reluctantly and in 
the belief that, without a ban, the congress 
would not be held. In reply to Tobias’s 
complaint that the local organizing com- 
mittee should not have taken a decision to 
ban South Africans without the agree- 
ment of the parent body, Evans said that 
the local committee had financial and 
operating responsibility only for next 
year’s congress, but that TUPPS had no 
funds that might be used to meet the ex- 
penses already incurred in the prepara- 
tions for the congress. He said that those 
who had announced their intention not to 
participate would be much missed, but 
hoped that many of them would change 
their minds nearer the time, and when 
they have been given a full explanation of 
the background. 

At least some of the difficulties about 
the Southampton congress have arisen be- 
cause of the scale on which it has been 
planned. The organizers appear to hope 
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that ıt will be the largest ever, with partı- 
cipation from a number of developing 
countries that have not attended previous 
congresses (held at intervals of five years). 
It is planned that some sessions of the 
congress will be held in London. Four in- 
surance companies have provided a bank 
guarantee of £150,000. 

According to the conference office at 
Southampton, the organizing secretary, 
Professor Peter Ucko, professor of 
archaeology at Southampton, “used every 
possible argument” earlier in the summer 
to persuade the local objectors to abandon 
their positions. He said this week that he 
had commended individual participation 
in the congress and the need for free 
speech among academics. 

The design of the ban of scientists from 
South Africa 1s such as to exclude all those 
who work at South African institutions, or 
who are paid by South African organiza- 
tions. (South Africans working outside 
the republic are not excluded.) The point 
is especially ironical as it affects Tobias, 
who was scheduled to give one of the plen- 
ary talks at next year’s symposium, and 
who has a British passport. 

IUPPS is not affiliated to the Interna- 
tional Council of Scientific Unions 
(ICSU) but to the International Council of 
Philosophy and Human Sciences 
(CIPSH), which is itself a dependant of 
UNESCO. As a further trony, the gov- 
erning council of IUPPS includes two 
South African scientists, Tobias and R.J. 
Mason (also from Witwatersrand). No 
doubt these two will have more to say as 
and when the occasion arises. CJ 





Meanness spells end of GMT 


Tue chances are now high that the Royal 
Greenwich Observatory will cease to-con- 
tribute to the international determination 
of time later in the year. This is yet another 
unplanned consequence of the reduction of 
funds available to British research councils 
by the continuing application of the gov- 
ernment’s rigorous cash limits. 

The difficulties at Greenwich (which, 
now, is actually placed at Herstmonceux in 
Sussex) have arisen because of the decision 
of the Science and Engineering Research 
Council (SERC) to concentrate support for 
astronomy on the observational facilities 
now available, especially at the observa- 
tory at La Palma in mid-Atlantic. The 
Royal Greenwich Observatory has for 
several months been primarily a means by 
which the La Palma operation may be sup- 
ported, with on-site observation reduced to 
a minimum. The future of the observatory 
as an independent organization should be 
resolved when a further report on the sub- 
ject is available later in the year. 

Hitherto, the Greenwich contribution to 
the international time service provided by 
the International Bureau de PHeure in 
Paris has been sustained by six atomic 
clocks, for which no further maintenance 


funds have been allowed. The result is that 
observations with important statistical 
weight will not be available for transmis- 
sion to Paris when the clocks fail, as they 
are expected to do in the months ahead. 

This does not mean that Greenwich will 
lack a standard of time, for it is hoped to 
operate three caesium clocks as part of the 
laser ranging programme mounted at- 
Greenwich, for which continuing support 
is being negotiated by SERC. But the phrase 
Greenwich Mean Time will thereafter need 
qualification. 

A senior member of the observatory said 
earlier this week that the prospect that Bri- 
tain might cease to contribute towards the 
international standards of time had arisen 
because SERC is required to make deci- 
sions about the disposition of its budget ~ 
within the strict context of its terms of re- 
ference. 

Other government departments had de- 
clined to take over the responsibility, he 
said, on the grounds that the provision of a 
time service rested firmly with SERC as 
the manager of the observatory. The astro- 
nomer said that the consequence was that 
projects considered “desirable nationally” 
could be forgotten. John Maddox 
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West German technology 





NEWS 


Bonn says yes to Eureka and SDI 


Hamburg’: `à 
THE prolonged and often acrimonious dis- 
cussions’ about West German participa- 
tion in the European Eureka'project and 
the US Strategic Defense Initiative (SDI) 
reached a climax in Bonn last week. 
Under the chairmanship of Chancellor 
Helmut Kohl (CDU), four ministers de- 
cided not to appropnate DM1,000 million 
for the EureKa project. This is what the 
Minister for Research and Technology, 
Heinz Riesenhuber (CDU), and the Fore- 
ign Minister; Hans-Dietrich Genscher 
(FDP), who had led the negotiations in 
Paris, had demanded as initial ‘support 
over four years for West.Germany’s parti- 
cipation. At the same time, the Bundestag 
voted in favour of participation’ in SDI, 
although the details have yet to be worked 
out ‘Chancellor Kohl,.who met President 
Reagan in New York last week, has in- 
forried himself on SDI through his adviser 
Horst Teltschick (CDU), who visited the 
United States last month to check the con- 
ditions for cooperatiomon SDI in general. 
Teltschick, like Josef Bugl, chairman of 
the federal Enquétekomission für Tech- 
nikfolgeabschatzung (commission for the 
estimation of the consequences of new 
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eeo e that West Gèr: 
many should offer financial ‘cooperation 
with the United States. 

The Bundestag reyected the draft con- 
tract proposed by the Social Democrats 
which included among other things the 
suggestions of scientists in Gottingen last 
year, including a complete prohibition of 
space weapons. In the debate, Josef 
Vosen, SPD spokesman on science policy, 
warned the government against “selling 
off’ West German technology and spe- 
cialists. He alleged that the United States 
intends to collect precious technology 
from other countries at low cost, and to 
use this at a later stage to put pressure on 
the Eastern bloc. 

The Social Democrats clearly favour 
closer technological . cooperation in 
Europe along the lines proposed by 
France in the Eureka project. The debate 
has thus been polarized along pro- and 


anti-American lines. For SPD, independ- 
ence from the United States is the objec- 
tive. This ıs also why 'the:SPD faction jn 
the Bundestag supports the French initia- 
tive for the European shuttle Hermes, In 
this connection, they complain that the 
first German space project, based on 
the German-built but NASA-owned 
Spacelab, was partly hijacked by the Pen- 
tagon, which has arranged for a reduction 
of the scientific payload in favour of a 
reconnaissance: satellite meant to keep 
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watch on Nıcaragua. 

Research Minister Riesenhuber, 
defeated ın hts plan to raise extra cash for 
Eureka by Finance Minister Gerhard Stol- 
tenberg (CDU), will now have to take the 
money from his ministry’s budget. 
Riesenhuber now says that the West Ger- 
man government can give help with grants 
to industry only when a:project ıs close to 
the market. But the projects to be discuss- 
sed at the Eureka conference in Hannover 
next week, such as environmental pro- 
grammes and a European information data 
bank for scientists, are of general public 
interest and must therefore be eligible for 
federal support. Jiirgen Neffe 


Research council sweetens mobility 


THE notorious unwillingness of French re- 
searchers to change their jobs, and in par- 
ticular to leave research institutes for 
work ın industry, may be broken down by 
a Scheme soon to be annouriced by Pierre 
Papon, director-general of the major 
French research council, the Centre 
National de la Recherche Scientifique 
(CNRS). Papon’s hope ıs that research 
directors will be more willing to encourage 
researchers to move temporarily to indus- 
try when he allows them to replace a 
seconded researcher by a new person. 

CNRS.has been battling with immobil- 
ity since the election of the present gov- 
ernment five years ago. People’s attach- 
ment to their homes is traditional, but it 
had been hoped that the granting to gov- 
ernment researchers of civil service status 
earlier this. year, with the accompanying 
assurance that a scientist would always be 
entitled to reclaim his or her job after a 
spell elsewhere, would break the log-jam 
and even overcome people’s fears that 
moving would exclude them from promo- 
tion opportunities. 

But ‘during 1985, only 50 of CNRS’s 
10,000 researchers have taken leave to 
work in industry for a year or longer 
CNRS acknowledges that there has been a 
change in the spirit in which French re- 
searchers regard industrial contracts; they 
no longer turn up their noses at industrial 
opportunities, but instead compete for 
them. But CNRS now thinks it has identi- 
fied a previously unsuspected impediment 
to mobility —+ the reluctance of’research 
directors to let good researchers go. 

Whence Papon’s intended sweetener. 
Laboratories that los¢ a researcher to in- 
dustry even temporarily will be allowed to 
recruit a permanent member to their staff, 
and may also be allowed to increase their 
intake of research students. On the face of 
things, the inducement should be more 
than enough to have directors ushering 
their researchers away to industry. Papon 
is even hoping to make the process still 
easier by using CNRS salary funds, which 
are paid over in advance by the govern- 
ment, to help people willing to move with 


bridging ‘loans for the purchase of new 
houses, but there may be legal obstacles to 
this part of his plan. 

Meanwhile, Papon 1s also hoping to 
make’ CNRS ‘into a more self-conscious 
organization. Despite the growth of public 
support for research ın the past five years, 
academic studies ın science and technolo- 
gy. policy have been neglected in France. 
The omission is especially strange because 
CNRS supports research in the social 
sciences and the humanities as well as in 
hard science. 

-One of Papon’s initiatives is the prepa- 
ration,of a history of CNRS itself to mark 
its 40th anniversary in 1989. Another is a 
plan for a colloquium, to be held at Mont- 
pellier in January, to which science studies 
specialists from overseas will be invited, 
and which will attempt to hammer out a 
programme of research on the impact of 
science and technology on regional de- 
velopment, an important issue for the pre- 
sent ‘government of France, which can 
boast of some success in decentralizing 
science and science-based industry to the 
regions. ._ 

Papon’s soak of why science 
policy studies have' languished ın France 
centres on the view that French institu- 
tions are less willing than their counter- 
parts elsewhere to allow their private. 
operations to be analysed. Jean-Jacques 
Salomon; ‘director of the Centre Science, 
Technologie et Société: at the Conserva- 
toire National des Arts et Métiers ın Paris, 
one of the few French units of its kind, 
agrees with Papon but alSo points to the 
peculiar difficulties, in France, of building 
up research teams to work on short-term 
contracts. ; 
. Salomon’s unit has only five full-time ` 
researchers, and Salomon says he has 
been pressing the government to give him 
more support. One problem ts that pre- 
sent regulations do not allow him to em- 
ploy researchers on external contracts for 
more than a year without offering them 
permanent positions. Another, Salomon 
says, 1s the lack of political will. 

Robert Walgate 
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Indian energy 


NEWS 


Fast breeder goes critical ` 


New Delhi 
Inpia’s .Fast Breeder Test Reactor 
(FBTR), using what is said to be a new 
indigenous fuel, went critical on 19 Octo- 
ber, making India the first developing 
country to embark on a breeder program- 
me. Built with French help, the 40-MW 
(th) 
loop-type fast reactor at Kalpakkam near 
Madras ıs similar in design to the fast reac- 
tor Rapsodie at Cadarache in France, but 
_ with two major modifications; the £46 mil- 
lion FBTR uses an unorthodox indigenous 
fuel and can also produce 13 MW of elec- 
tricity. 

FBTR is the third Indian reactor to be 
commissioned this year. A 100-MW re- 
search reactor, DHRUVA, in Bombay 
and a 230-MW power reactor at Kalpak- 
kam went critical two months ago. The 
Department of Atomic Energy’ (DAE) 
says that with the successful completion of 
the FBTR project, India has joined the 
select group of countries that have mas- 
tered fast breeder reactor (FBR) technol- 
ogy. 

The event also marks the beginning of 
the second phase of India’s three-stage 
nuclear power development programme. 
Natural-uranium-fuelled pressurized heavy 
water reactors such as those in Rajasthan 
and Madras (four more under construc- 
tion) constitute the first phase. Plutonium 
produced in these reactors will fuel fast 
breeders to be built in the second phase. 
These FBRs will breed urantum-233 from 
thorium blanketing the reactor core. In 
the third phase, FBRs utilizing the *“Th— 
™®U cycle are to be built and DAE hopes 
the abundant reserves of thorium (360,000 
tonnes) in India will sustain the nuclear 
power programme for 1,000 years. 
According to DAE, its breeder program- 
me is essential to India whose uranium 
reserves will support a nuclear power 
capacity of only 15,000 MW until 2030 ap. 

India’s FBR programme began in 1968 
with French collaboration with the Com- 
misarniat à Energie Atomique (CEA) 
supplying the designs of the Rapsodie 
reactor. Four French companies helped 
the Indian companies with knowhow on 
the manufacture of the major components 
‚such as the reactor vessel, sodium pump, 
heat exchangers and control drive 
mechanism. Most materials for their 
manufacture came from France under a 
special French credit of FF35 million. 

But work on FBTR has slowed down 
particularly since the Indian nuclear test in 
1974. France, which had earlier agreed to 
provide highly enriched uranium fuel for 
FBTR, backed down, so that India was 
forced to develop its own fuel with a high 
concentration of plutonium instead of en- 
riched uranium. The FBTR is loaded with 
a fuel mixture of 70 per cent plutonium 
carbide and 30 per cent uranium carbide, 


sodium-cooled plutonium-fuelled - 


thus making ıt the world’s first fast reactor 
with a plutonium-rich carbide fuel. Reac- 
tors operating elsewhere in the world use 
oxides of 30 per cent plutonium and 70 per 
cent uranium, and most investigations 
elsewhere with carbide fuel have been lı- 
mited to fuels with a low concentration (30 
per cent) of plutonium. 

The team at the Bhabha Atomic Energy 
Research Centre (BARC), which has de- 
veloped and tested the fuel in five years, 
claim that, despite a lower melting point, 
it is superior to the traditional oxide fuel. 
If the fuel fulfils its promise, India will 
stick to it in future commercial breeders. 

BARC is also proud of having indige- 
nously developed the technologies for 
purifying and handling molten sodium, 90 
tonnes of which are required by the 
FBTR. The exact amount of plutonium in 
its core has not been disclosed, but all of it 
is said to have come from the country’s 
stockpile not subject to safeguards.“The 
way the Indian industry has met the strin- 
gent requirements of FBTR equipment is 
an important pointer to the success of the 
country’s future FBR programme, when 
larger reactors would be constructed”, 
DAE says. DAE has already made a be- 
ginning on the design of a 500-MW pro- 
totype FBR that will need 1,800 kg of 
plutonium, and hopes to build its first 
commercial FBR ın 2000 ap. 

Meanwhile BARC has scored another 
success in a different area of technology, 
the country’s experimental 5-MW (th) 
coal-based magneto-hydrodynamic (MHD) 
generator at Tiruchirapalli, in south India, 
started producing 100 kW of electrical 
power in mid-August. For the past 10 
years, the Moscow high-temperature 1n- 
stitute has been helping BARC and the 
state-owned Bharat Heavy Electricals Ltd 
in the setting up of the MHD pilot plant, 
which uses high-ash Indian coal. Water- 
gas obtained by passing steam over red hot 
coal in a combustor 1s used as the feed gas, 
which is seeded with potassium 1odide. 
The combustor and the 300-tonne iron 
core magnet that can carry up to 1,300 
amperes without water cooling were de- 
signed by BARC. 

The test run in August, which lasted for 
two hours, produced a plasma at 2,800 K, 
100 kW of power at a Faraday voltage of 5 
volts and a 0.7-tesla field. The Soviets, 
whose MHD plants are fuelled by oil or 
natural gas, had much to learn from the 
operation of the coal-fired Indian MHD 
plant. The basic data had helped the 
Soviet Union build a 25-MW (th) coal- 
based MHD plant from which extraction 
of up to 5 MW of electricity has already 
been achieved. India, which has no plans 
to scale-up its pilot plant, has declared it a 
national facility for studying properties of 
glass and ceramics at high temperatures. 

K.S. Jayaraman 
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Romanian energy | 
Too soft on 
soft energy 


Romanlia’s Minister. of Electric Power 
Supply, Nicolae Busui, was dismissed two 
weeks ago, and the electricity generating 
industry placed under military control, 
because of inefficient management and fa- 
Hure to achieve the planned ‘output. 
Under the emergency regulations, all 


‘coal-fired power stations will be placed 


under a military commander, who will be 
responsible for the “strict observance of 
technological, exploitation and mainte- 
nance norms” as well as for order and 
discipline. Power workers are forbidden 
to change their jobs, and all vacant posts 
must be filled from outside, not by trans- 
fer within the industry. 

’ Romania, formerly a net energy expor- 
ter, has for almost a decade suffered from 
a growing energy crisis culminating in the 
virtual shut-down of the country during 
last winter’s cold snap. During the 1970s 
the over-expansion of the petrochemical 
industry (largely or the initiative of Dr 
Elena Ceaucescu, wife of the President) 
decreased indigenous petroleum supplies, 
with the result that thermal power stations 
are, for the most part, coal fired. The offi- 
cial statistics carry glowing reports of 
record coal and lignite outputs and of de- 
liveries ahead of schedule to the power 


Stations, so that what has gone wrong at 


the generating plants_is far from clear, 
there appear to have been considerable 
delays in the servicing of existing stations — 
and the installation of new ones, but such 
délays are endemic throughout the Roma- 
nian economy. 

To some extent, the coal-fired generat- 
ing plants may have been made the 
scapegoat for other sectors. The nuclear 
power station at Cerna Voda, for exam- 
ple, in spite of a recent, much publicized 
speed-up, is well behind schedule. So too- 
are plans for a network of hydroelectric 
plants with a total generating capacity of 
13,000 MW. 

The emergency decree urges mod- 
ernization and technological innovation in 
the Romanian power industry. In fact, the 
Romanians are prolific in technological 
novelties, including wind-powered tur- 
bines, wave power, solar power and 
biogas. In 1984, under a programme coor- 
dinated by the National Council of Scien- 
ce and Technology on unconventional and 
renewable energy, facilities equivalent to 
about 115,000 tonnes of conventional fuel 
were put into operation, while the plan- 
ned equivalent this year 1s 214,000 tonnes. 
How much of the planned investment in 
the generating industry (37,500 million lei 
this year) goes on these unconventional 
projects is unknown, but the emergency 
suggests that more attention should be 
paid to the conventional sector. 
i Vera Rich 
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UK research councils - 


NEWS 


Hatchet buried for time being 


THe Royal Society and the Natural En- 
vironment Research Council (NERC) 
appear for the time being to have patched 
up their differences on the support of 
geophysics research in Britain. That, at 
least, 18 the simplest reading of a state- 
ment put out this month by NERC and the 
society describing, in language usually re- 
served for diplomatic communiques, a 
meeting between the two sides which 1s 
said to have taken place in late August. 
The occasion for the meeting was the 
publication in June (see Nature 315, 709; 
1985) of the report of a working party on 
geophysics research commissioned by the 
society and endorsed by the society's 


New law for West 


German universities 


Hamburg 

DespirE strong opposition, the govern- 
ment’s amendments to West Germany’s 
Hochschulrahmengesetz (university reg- 
ulations) have now been passed by the Bun- 
destag (parliament). The changes have 
provoked much controversy since they 
were first announced by the Christian 
Democrat Education Minister, Dorothee 
Wilms, earlier this year. 

In June nearly 40,000 students took part 
in demonstrations against the new laws 
(Nature 316, 96; 1985) and during the par- 
liamentary debate the students’ objections 
were raised. The opposition parties — the 
Social Democrats and Greens — voted 
against the changes, which bind the region- 
‘al governments (Länder) to implement the 
new regulations during the next few years. 
During the debate all parties voiced the 
opinion that more opportunities should be 
made available to women scientists. But 
the opposition was critical of the govern- 
ment’s position, saying that a mere dec- 
laration of intent will do nothing to im- 
prove their lot. 

Whereas Wilms welcomed the new law 
as a “landmark for the political develop- 
ment of the federal universities”, the 
opposition parties are still against the in- 
troduction of a two-tier system of studies, 
whereby specially talented students are 
allowed to take extra courses but the 
majority of students have to complete their 
studies after six semesters. 

The proposed relaxation of rules cover- 
ing industrial research is also unpopular. 
The government claims, however, that the 
newly created post of “scientific assistant”, 
which replaces the old “university assis- 
tant” will help to strengthen the position of 
the rising generation of students. The leg- 
islation faces one last hurdle, the Bundes- 
rat, which is the representative body of the 
Lander but where the federal government 
has a majority. Jurgen Neffe 


council. The working party, under Profes- 
sor R.E. Oxburgh, complained of the 
generally inadequate scale on which 
geophysics research 1s at present reported. 
In passing. the committee made several 
criticisms of NERC’s management of re- 
search support in the field, drawing from 
the research council’s chairman, Mr Hugh 
Fish, the response that he “took great ex- 
ception” to the report, and that he would 
seek a meeting with the Royal Society. 

That meeting is now said to have ex- 
amined “a number of differences of view” 
and to have included a “full and frank 
discussion of a wide range of issues”. The 
statement says that the “Royal Society 
learned with interest and much satisfac- 
tion” that several changes in NERC man- 
agement practice had taken place since 
the working party began work. The state- 
ment says that the society and the research 
council will work together to forge “an 
increasingly constructive relationship” be- 
tween the scientific community and “one 
of its major sources of financial support”. 
The two bodies unite, in the concluding 
paragraph of their statement, in saying 
that “many of the difficulties were largely” 
consequences of the reduction of NERC’s 
budget in recent years. 

The formulae in the dubishee state- 
ment appear the basis for at least a tem- 
porary truce. NERC, meanwhile, ıs quick 
to point out that many of the criticisms 
raised by the working party have been met 
by changes already under way before the 
appearance of the report. Thus steps have 
been taken to rationalize the allocation of 
time on research vessel cruises (which, the 
Oxburgh group said, had often been can- 
celled at short notice, and which were 
complicated by the circumstance that the 
committee responsible for allocating re- 
search time was different from that re- 
sponsible for research grants to make 
good use of the time). Similarly, NERC 
says, steps were already under way to de- 
centralize the computing services net- 
work, which NERC researchers have 
been required to use but over which they 
have had no management control. 

NERC’s plans for a new management 
structure appear to be making progress, if 
slowly. The proposal, in the “corporate 
plan” published last year, that the coun- 
cil’s research institutes should be grouped 
together under three newly appointed sci- 
entific directors has so far led to the 
appointment of Dr Bernard Tinker, depu- 
ty director of the Rothamsted Ex- 
perimental Station, as the one in charge of 
the council’s environmental work. The 
search continues to fill the two other 
vacancies. 

Some progress has also been made to- 
wards a solution of the problem of the 
British Geological Survey, the largest 
single component of NERC’s annual 
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budget cost —— or, at least, a committee 
has been set up. Jointly with the Advisory 
Board for the Research Councils, NERC 
has commussioned a study from a group 
whose chairman is Sir Clifford Butler, 
vice-chancellor of Loughborough Uni- 
versity of Technology, and which includes 
Sır Alan Muir Wood, Dr Charles Suck- 
ling, Sir Alwyn Williams and Sir Frederick 
Warner. Of these, only Williams is pri- 
marily an earth scientist, although Warner 
was the chairman of the recent SCOPE- 
sponsored study of nuclear winter. 

The terms of reference for the new 
study are wide enough to allow quite 
radical recommendations. The hardships - 
that afflict the survey, fully documented in 
the past year, have arisen because govern- 
ment departments have pone back on an 
agreement more than ten years ago to con- 
tribute towards the cost of the survey, but 
there is a body of opinion now strongly 
represented among members of the sur- 
vey that the British government should 
make a commitment to the continuation 
of the systematic surveying of British geol- 

0 


ogy. 





Japanese ibis saved? 


Tokyo 

A FRESH effort to save Nipponia nippon (the 
Japanese crested ibis or toki), from extinc- 
tion began this week with the arrival of one 
bird from Beijing Zoo at Japan’s ibis pro- 
tection centre on the island of Sado. The 
toki is now one of the world’s rarest birds, 
with only three remaining in Japan and 
perhaps as many as twenty in China. 

In the nineteenth century, the foki was a 
common bird of paddy fields and ponds in 
many parts of east Asia. Its white plumage, 
somewhat comical red face and heavy 
downward curving black bill made it a 
popular subject for painters. But despite 
protection measures that began in Japan in 
the 1930s, numbers declined so rapidly 
that all five remaining birds were placed in 
captivity in 1981. Since then two birds have 
died but several more birds, including 
three chicks, have been discovered in Chi- 
na. But because the area in which they live 
is known to be polluted with mercury and 
manganese from chemical fertilizers, there 
are doubts as to how long they can continue 
to survive in the wild. Thus a cooperative 
programme to breed the oki in captivity 
has begun, 

The Beijing bird flown in by chartered 
plane is a young male, named Hua Hua; 
which will replace Japan’s one remaining 
male, now thought to be too old to mate. 
But Hua Hua is likely to find his work cut 
out. Kin, the one female in good condition, 
would be in her eighties if measured in 
human terms and, having been brought up 
in captivity, has never reared young. Hua 
Hua will remain in Japan for three years 
and meanwhile research on artificial in- 
semination at the ibis centre will continue. 

Alun Anderson — 
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Soviet Soviet rivers 


NEWS 


Ambivalently flows the Ob 


SIBERIAN rivers, a favourite target of 
grandiose planning since the early days of 
Soviet rule, are no longer destined to “run 
backwards”. Instead, a carefully calcu- 
lated “part of the flow” will be channelled 
southwards, after possible “climatic and 
ecological changes” have been taken into 


consideration. 
2 Oe 






Tobolsk 


Irtysh 


© 
Kustanal 


Massive hydroengineering projects, in- 
volving the imposition of the planners’ will 
on nature, seem to appeal to.the Soviets. 
In the 1920s, the need for such schemes 
was enthusiastically espoused by the prop- 
agandists of atheism on the grounds that, 
if God existed, He would have designed 
Siberia more rationally. In the 1930s, the 
construction of the White Sea Canal 
absorbed thousands of the victims of Sta- 
lin’s purges and could be expldined, if 
necessary, abroad, as “reeducation 
through labour”. 

In the early 1970s, the need to divert die 
Siberian rivers was used as an argument 
for peaceful nuclear explosions (an option 
since abandoned by treaty). But the inter- 
national outcry in the 1970s against the 
possible effect of such diversion schemes 
on the Arctic, and indirectly on the weath- 
er worldwide, evoked, first of all, Soviet 


assertions that all ecological factors had 
been taken into consideration by the plan- 
ners, and then somewhat later the laun- 
ching of a major research project into the 
ecological consequences. 

The “inauguration of the long-term 
“Food Programme” in 1982 (the last ma- 
jor policy decision of the Brezhnev era) 
Once again emphasized the need for a 
grandiose irrigation project in Siberta. (In 
fact, irrigation 1s needed not only for food 
crops but also for cash crops such as cot- 
ton, but Brezhnev’s team emphasized the 
food aspect.) At the same time, the name 
“Sibaral” first came into common use 

A map of the proposed “Sibaral” canal 
was published only last August, in Pravda 
Vostoka (Eastern Trust), a paper not nor- 
mally accessible in Moscow, let alone 
abroad. Even here, very few details were 
given. While the accompanying article 
spoke glowingly of the four great’ pumping 
stations needed to lift the water to, the 
Tyumen’ watershed, the map gives no in- 
dication of where these will be sited. It 
merely traces the proposed route of the 
canal at an undefined distance to the east 
of Tyumen’, Kurgan and Kustanai, cros- 
sing the Syr-Darya somewhere to the west 
of Kzyl-Orda,: and entering the Amu- 
Darya below the Tyuyamuyan reservoir 
east of Urgench. 

Even more significantly, the Pravda 
Vostoka article reveals for the first time 
that there has been a major disagreement 
over the route. ‘Since trrigation plans for 
Central Asia and Kazakhstan indicate that 
by 1987 the waters of the Syr-Darya and 
by 1995 those of the Amu-Darya will be 
totally consumed, there is every need to 
press ahead with the Sibaral, and ın Octo- 
ber 1984 the Plenum of the Central Com- 
mittee of the CPSU brought the comple- 
tion date forward to 1987, The task in- 
volves 6,000 million m` of earthwork and 
15 million m` of concrete construction, to 
produce a canal 2,600 km long, 250 m wide 
and up to 12 m deep, with a flow of water 
of up to 1,150 m` per s. Moreover, the 
project appears to have been held up by a 
dispute between the planners and the sci- 
entists. According to Pravda Vostoka, 23 
institutes of the Soviet Academy of Scien- 
ces and around 130 other research and 
design institutes have been involved in 
planning the Sibaral Under their press- 
ure, the planners have moved the canal 
route an unspecified distance eastward of 
the original track, where, it ıs claimed, it 
will have “no negative effect” on tradi- 
tional agricultural, systems, nature re- 
serves and ancient forests, and will pre- 
serve animal migration routes. As well as 
pleasing the ecologists, the eastern variant 
has the support of the economists — the 
terrain, according to Pravda Vostoka, has 
considerably reduced the estimated con- 
struction and utilization costs, Vera Rich 
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Biosafety regulations 


US at odds 
with OECD 


Washington 

THe Commissioner of the Food and Drug 
Administration (FDA), Dr Frank Young, 
has been strongly criticized by two US 
congressmen for failing to resolve an 
inter-agency dispute that is putting in jeo- 
pardy an international study attempting to 
develop uniform approaches to biotech- 
nology regulation. A completely rewritten 
draft of, the study report, produced by 
FDA, ignores agreements reached pre- 
viously with other member’ countries: of 
the Organisation for Economic Coopera- 
tion and Development (OECD), accord- 
ing to Representative John Dingell and 
Senator David Durenberger. 

The OECD report should have been 
completed in June this year, but at a meet- 
ing in May in Paris the United States com- 
pletely reversed its earlier approach, leav- 
ing other delegates wondering whether ıt 
was trying to scuttle the project. The 
report had been two years in preparation, 
under the chairmanship of Dr Roger 
Nourish of the United Kingdom’s Health 
and Safety Executive. — 

Until the May meeting, the US delega- 
tion had been led by the Environmental 
Protection Agency (EPA). But FDA’s 
biotechnology policy coordinator, Dr 
Henry Miller, was put in charge of the 
delegation.after voicing strong objections 
to the direction the study was taking under 
EPA. Miller was actively opposed by EPA 
delegates in Paris,,and the delegation 
“completely disintegrated”, according to 
one observer.: 

The highly-charged quarrel between 
FDA and EPA mirrors an earlier dispute 
between FDA and the National Institutes 
of Health over guidelines for human gene 
therapy, which FDA lost. Young, and 
through’ him Miller, lost some political 
kudos when Margaret Heckler. agreed to 
step down as Secretary of Health and 
Human Services,‘and FDA’s hopes of 
leading biotechnology policy-making are 
now open to question. 

The May draft of the OECD study, pro- 
duced when EPA was still in charge of the 
US delegation, devotes much space to 
descriptions of standard levels of con- 
tainment and lays much store on flexibil- 
ity, but gives no indication of how know- 
ledge about possible hazards should be 
used to decide on appropriate contain- 
ment levels. It: ‘lists only information that 
should “ideally” be taken mto account. 
Some reviewers criticize it for being pre- 
scniptive, although almost the only firm 
recommendation is that viable engineered 
organisms used in industry be kept in 
closed systems. Most agree that the study 
was ‘seriously flawed; opinions vary over 
whether it was rescuable. 

The new FDA-inspired September 
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draft. called Safety considerations for 
commercial and environmental applica- 
tions of organisms derived by recombinant 
DNA, 1s so different as to be unrecogniz- 
able. In general, ıt plays down risks, and 
declares that its atm Is to present “the 
maximum number of approaches a 
country might choose™ to deal with safety 
considerations. It observes that “it ıs 
widely accepted that the hazards associa- 
ted with recombinant-DNA-containing 
microorganisms may be assessed in the 
same way as those associated with other 
organisms”. and concludes that “there ts 
no scientific justification for singling out 
rDNA work for a special regulatory reg- 
ime above that which ts already estab- 
lished™ for traditional biotechnology such 
as brewing. Residual concerns about pre- 
dictability of field trials of modified organ- 
isms have been expressed “primarily by 
ecologists who generally possess no direct 
experience with rDNA or related tech- 
niques” and represent a minority opinion 
Dingell and Durenberger have written 
to Secretary of State George Schulz to ask 
that he get the OECD study “back on 
track” Many OECD countries are keen 
to have international authority for their 
regulatory approaches as soon as possible, 
and the 4-month delay brought about by 
the US shift has caused considerable irri- 
tation. But unless the FDA September 
draft is accepted, further delays are in 
prospect. Tim Beardsley 


US-China nuclear deal 
Washington 
Tue odds against congressional ratifica- 
tion of the nuclear technology pact between 
the United States and China became slight- 
ly greater last week, when Senator Alan 
Cranston, the Californian Democrat whip, 
threw in his lot with opponents of the 
scheme. Cranston believes that China is 
exporting nuclear technology to Brazil, 
Argentina, Iran, South Africa and Pakis- 
tan, the countries with the “most danger- 
ous” nuclear programmes, despite China’s 
pledge not to provide others with the 
means to develop nuclear weapons. He also 
asserts that Richard Kennedy, negotiator 
of the agreement, has deliberately with- 
held this information from Congress. 
China acknowledges that it has peaceful 
nuclear cooperation agreements with 
Pakistan and Brazil, but denies a similar 
relationship with Iran. A statement from 
China’s foreign ministry in response to 
Cranston’s comments says that China’s 
nuclear cooperation with any other coun- 
try serves only peaceful purposes. 
Cranston will help John Glenn (Demo- 
crat, Ohio) and others to draft legislation 
making China’s acquisition of US nuclear 
technologies more difficult without firmer 
assurances on its non-proliferation policy. 
But Cranston admits that the chances of 
Congress rejecting the pact are still slim. 
Maxine Clarke 





NEWS 


US data protection 
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Privacy bill progresses slowly 


Washington 

MopERNIZATION of regulations on the 
privacy of electronic communications 
moved further forward last week, when 
representatives of the industries con- 
cerned endorsed the proposed legislation 
with only a few minor quibbles The Elec- 
tronic Communication Protection Act was 
introduced to both houses of Congress last 
month, and there will be a series of hear- 
ings during the next few months betore the 
final version ıs drafted and voted on 

To coincide with last week's hearings. 
the Office of Technology Assessment 
(OTA) released a report. part of a study of 
the effects of new information technology 
on the federal government, which con- 
cludes that the technological revolution of 
the past 20 years has far outpaced laws to 
protect civil libertres OTA's survey of 142 
federal agencies shows that about 25 per 
cent of them use, or plan to use, electronic 
surveillance and that 25 per cent use com- 
puterized records. 

The “wiretap” law of 1968 made tele- 
phone calls private, but the dramatic 
changes since then in communication — 
electronic mail, cellular and cordless tele- 
phones, radio and video surveillance — 
have no associated statutory protection. 
OTA’’s report spells out how information 
technology ıs affecting electronic com- 
munications, but does not grasp the nettle 
of the national secunty agencies’ use of 
the technologies 

The new act would extend protection to 
virtually all electronic communications, 
eliminating the distinction between com- 
mon and private carriers It would also 
protect against unauthorized disclosure of 
third records, regulate the government’s 
use of pen registers and tracking devices 
and create penalties for illegal access But 
the difficulty ıs freely acknowledged of 
allowing for future development in an 
area that attracts the most daring en- 
trepeneurs, and which is thus hable to ex- 
plosive development. 

Fred Weingarten, one of the authors of 
OTA’s report, says nevertheless that the 
bill is an “important effort at addressing 
the potentially significant threat to the tra- 
ditional privacy of communication”. One 
of the quickest ways for an information 
service company to go out of business is to 
abuse the privacy rights of customers, says 
Michael Nugent of ADAPSO, the trade 
association for the US software and ser- 
vices industry ADAPSO and the Tele- 
locator Network of America. the national 
association of radio common carriers that 
produces cordless telephones and radio 
paging services, gave their support to the 
bill at last week’s hearings 

Representative Robert Kastenmeier 
(Democrat, Wisconsin) and Senator 
Patnck Leahy (Democrat, Vermont). 
co-sponsors of the bill, hope to encourage 


the information technology market by 
assuring customers of protection as well as 
by providing comprehensive statutory 
protection from unauthorized survelill- 
ance Until Congress passes some form of 
legislation. interim decisions have to be 
made in the courts, a time-consuming, ex- 
pensive and unsatisfactory process 

it is to be hoped that the US law, when 
passed, will avoid the vagueness that has 
caused so much controversy over Britain's 
Data Protection Act. which has been 
widely criticized for the scope tt provides 
for invasion of civil liberties (see Nature 
307, 494; 1984) Maxine Clarke 


Texas technology 


Washington 

Texas, the Lone Star state which was 
briefly last century an independent repub- 
lic, is Once again displaying secessional 
tendencies. this time in the more limited 
domain of scientific research. The state 
legislature has recently awarded 87 grants 
worth $35 million to Texan colleges and 
universities for scientific and high- 
technology research likely to bring econo- 
mic benefits to the state 

The Texas Advanced Technology Re- 
search Program was the initiative of state 
lieutenant governor William Hobby. Its 
approval was all the more surprising be- 
cause Texas this year faced a budget censis 
due to falling oil revenues. and some un- 
heard of (for Texas) austerity measures 
were introduced. Supporters of the 
scheme argued, however, that falling 
revenues were all the more reason to 
support research of the kind likely to 
generate “practical sorts of things” for the 
state. 

Support was provided for seven princip- 
al areas of research aerospace, agricul- 
ture, biotechnology, chemistry and phy- 
sics, energy, microelectronics and tele- 
communications, and materials science. 
Decisions on which applications to sup- 
port were made by a panel of experts 
appointed from outside the state, headed 
by Dr Fredenck Seitz, who among other 
things chairs the advisory committee to 
the Strategic Defense Initiative. When 
Seitz asked whether applied or basic re- 
search should be favoured, he was told 
just to choose “the best”. according to a 
state official The University of Texas and 
Texas A&M University were the main 
beneficiaries 

Texas claims its scheme ts unique ın the 
country. The initial $35 million ts for two 
years, but the scheme will be continued if 
all goes well It has. according to the Texas 
official, received the blessing of the 
National Academy of Sciences, whose 
chairman, Dr Frank Press, 1s said to re- 
gard it as a prototype of what might be 
achieved elsewhere. Tim Beardsley 
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Deforestation 


NEWS 


Lending agencies pian action 


Washington 

THE major international development 
assistance agencies have for the first time 
reached a consensus on how to tackle the 
problem of deforestation. Not only that, 
but an impressive collection of environ- 
mental lobbying groups support the plan, 
among them some of the severest critics of 
the agencies’ lending programmes. 


The world’s tropical forests (in black) 





One reason for the harmonious out- 
come is the need to persuade hard-nosed 
politicians, and not just the environmen- 
talists, that the problem is severe enough 
to demand enormous investment pro- 
grammes. Gus Speth, president of the 
World Resources Institute (WDI), likens 
the global deforestation crisis to the oil 
crisis faced by industrial countries in the 
1970s. i 

Another reason for the general accept- 
ance is the explicit acknowledgement that 
the individual countries concerned accept 
responsibility for helping to solve the 
problems by encouraging small, rather 
than grandiose, projects. 

The plan itself, whose main sponsors 
are WDI, the World Bank and the United 
Nations Development Programme, calls 
for a five-year investment of $8,000 mil- 
lion to reverse global tropical deforesta- 
tion and its environmental effects. To pre- 
vent the loss of 27 million acres of forest 
each year from the developing countries, 
_the plan “allocates” $530 million to 56 
_ Asian, Latin American and African coun- 
tries, half of which would be supplied by 
international lending organizations and 
half by private investors and the govern- 
ments of the countries concerned. Large 
as these figures are, the report stresses 
that they are small compared with the 
costs of crisis management. For example, 
a largely ignored United Nations pro- 
gramme in 1977 recommended that $50 
million a year be spent to avoid deserti- 
fication in Ethiopia; the report estimates 
that the Ethiopian famine has since cost 
$400 million in relief programmes, to 
which at least $100 million will be added 
before the next harvest. 

The international task force is confident 
that it can influence global tropical defore- 
station, although Speth admits that “we 
have a distance to go in getting firm 
pledges of exact dollars” from lending 


agencies According to John Spears of the 
World Bank, the “will exists” to lend but 
support depends on the participation of 
individual governments, an opinion 
echoed by other sponsors of the report 
The report will be presented to the Un- 
ited Nations Commission on Environment 
and Development in Brazil this week; 
next month international development 
assistance agencies meet in the Hague to 
discuss it. Negotiations are well advanced 
for a summit meeting “at the highest 
level” early in 1986. 


Tropical Forests A Cail for Action WRI Publications, 
PO Box 620, Holmes, PA 19043, $12 50 (1985) 


Big fish love 
little fish 


Washington 

Two recent acquisitions of start-up 
biotechnology companies by established 
pharmaceutical houses may signal the start 
of a new trend. In September, Eli Lilly and 
Co. announced its plan to buy Hybritech 
Inc. of San Diego for over $300 million, 
and last week the Bristol-Myers Company 
announced an agreement in principle to 
buy Genetic Systems Corporation of Seat- 
tle for $294 million. 

The two deals have a number of similar- 
ities. Neither Hybritech nor Genetic 
Systems was facing a cash crisis, but neith- 
er has yet recorded profits. More impor- 
tant, both are hoping to move from re- 
liance on diagnostic products to therapeu- 
tics, which are said to cost on average $100 
million to develop and steer through trials 
before they receive market approval. 


Hybritech already has several diagnos- , 


tics based on monoclonal antibodies on the 
market, including pregnancy and 
cancer tests. It stands to gain much from 
Lilly’s financial and technical resources, as 
well as marketing knowhow — Lilly is 
already selling the first human recom- 
binant DNA-derived pharmaceutical, a 
synthetic insulin. 

Much the same can be said for Genetic 
Systems and Bristol-Myers. Genetic Sys- 
tems has one diagnostic product on 
the market, a monoclonal-based test for 
Legionnaires’ disease. Also in the pipeline 
are HLA cell-typing and tissue-typing rea- 
gents, and diagnostics for hepatitis B and 
acquired immune deficiency syndrome. 

It is as yet unclear how the acquisition by 
Bristol-Myers will affect a previous uncon- 
firmed investment plan by Syntex Cor- 
poration, which is a part owner of Genetic 
Systems. But the deal is not expected to 
affect Oncogen, an offshoot of Genetic Sys- 
tems devoted to cancer research and own- 
ed jointly by Syntex, Genetic Systems and 
Bristol-Myers. Tim Beardsley 


Maxine Clarke. 
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Contraceptive pill 


Japan heads for 
legalization 


Tokyo 

JAPAN IS just coming around to consider- 
ing the legalization of the contraceptive 
pill, some twenty years.after other major 
nations. Indeed, with the pill now in use in 
150 countries, Japan must be almost the 
last non-Catholic country and certainly 
the last industrialized country, in which 
the pill has been prohibited. 

What has brought about this strange 
state of affairs? Earlier this year Singa- 
pore’s Prime Minister, Lee Kuan Yew, 
praised Japan for keeping the ban on the 
pill as it had helped to retain “Asian 
values”, including “chastity and a high 
level of fidelity, and the integrity of the 
family .. .”. But officials of the Ministry 
of Health and Welfare were quick to point 
out that the pill has been banned only for 
fear of possible side effects à 

That ts something of an overstatement. 
Moral considerations certainly counted 
when the pill was originally prohibited 
nearly twenty years ago. But paramount 
consideration went to the pill’s possible 
side effects, Japan having just experi- 
enced thalidomide poisoning and other 
cases where drug companies found them- 
selves faced with demands for huge com- 


pensation payments. Curiously, it now | 


turns out that Japan’s attempt to avoid the 
pill’s side effects have rebounded. 

Two organizations, the Japan Obstet- 
rics and Gynaecology Society and the 
Japan Motherhood Protection Medical 
Association, have now asked the Ministry 
of Health and Welfare to give permission 
for clinical tests to be made of the pill. One 
of the key reasons for their demand is that 
the pill has actually come into fairly com- 
mon use Although doctors are not per- 
mitted to prescribe the pill for contracep- 
tive use, they may prescribe ıt as a medi- 
cine, for treatment of irregularities in 
menstruation, for example. 

Using this regulation as a loophole, 
many doctors now openly provide the pill 
as a contraceptive. The trouble 1s that they 
can prescribe only the high-oestrogen for- 
mulations designed for medical rather 
than contraceptive use. The low-dose pill 
in use in the United States and Europe is 
still unknown. The many women who take 
the pill in Japan thus run a far greater risk 
of side effects such as thrombosis, than ifit 
had been legalized ın the first place. — 

The Ministry of Health and Welfare has 
taken the new request positively, but it is 
not yet clear what action will result. Fresh 
clinical trials would have to be performed 
in Japan, even for products in widespread 
use elsewhere and these are expensive, 
perhaps costing 3,000 million yen. Any 
pharmaceutical maker wanting to put á 
product on the market would thus find 
itself faced with a very large bill that might 
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not be commercially justifiable. A further 
pressure comes from doctors in the abor- 
tion business. who have consistently 
opposed the pill; for them. abortion ser- 
vices provide a cash income that would be 
hard to replace. There may well turn out 
to be a temptation to leave matters as they 
stand, to the detriment of those taking a 
high-dose pill. Alun Anderson 


Planetary science 


NASA decision 
causes dismay | 


Washington - 

THE decision of the National Aeronautics 
and Space Administration (NASA) to 
abandon the Comet Rendezvous and 
Asteroid Flyby (CRAF) mission as a 
candidate for a new start in fiscal year 1987 
has caused dismay to planetary scientists 
on both sides of the Atlantic. The mission 
was to have been the first using the 
Mariner Mark II Spacecraft, now under 
development, and there is concern both 
about the budgetary implications for plan- 
etary science and about planning of future 
missions that may benefit from informa- 
tion provided by CRAF. 

NASA’s decision resulted from budget- 
ary pressures; the two new starts it has 
requested for fiscal year 1987 are TOPEX, 
an oceanographic satellite, and the first 
part of the US contribution to the Interna- 
tional Solar Terrestrial Physics Program. 
Starting planning for CRAF in 1987 would 
have meant the agency could look forward 
to a launch in 1992. The enforced delay 
makes it likely that a group of engineers 
working on the Galileo Jupiter spacecraft, 
now nearing completion, will have to be 
disbanded rather than moved straight to 
CRAF, and has shaken the faith of those 
who expected NASA to continue support- 
ing planetary science to the tune of about 
$300 million a year. 

The delay is also likely to impede plan- 
ning of future missions that might involve 
collaboration between NASA and the 
European Space Agency (ESA). ESA 1s 
thinking about a sample/return mission to 
a “primordial body” (asteroid or comet) 
some time in the next decade that might 
use CRAF data, and there has been talk 
about plans for NASA/ESA collaboration 
on a mission to Saturn, called Cassini, that 
would, like CRAF, have been based on 
the Mariner Mark II craft. West Germany 
is expecting tó fly scientific instruments 
and provide a propulsion module for 
CRAF, and the decision has caused “great 
disappointment” there according to one 
researcher. Dr J. Kissel of the Max Planck 
institute for nuclear physics said West 
German scientists would have valued 
more time to prepare their instrument 
proposals if the mission is to be delayed on 
NASA’s account; as things stand, NASA 
is expecting formal proposals before the 
end of this month. Tim Beardsley 


NEWS 
British astronomy 


THE future of a trust established by Sir 
Norman Lockyer, the editor of Nature 
from the foundation of the journal in 1869 
until his retirement after exactly 50 years, 
for the benefit of British astronomy ts now 
in doubt. The council of the Norman 
Lockyer Corporation, the company li- 
mited by guarantee which for the time 
bemg owns the 44-acre site at Sidmouth, 
in East Devon, on which Norman Lock- 
yers observatory is situated, ıs on the 
point of selling the largely decrepit collec- 
tion of telescope domes and buildings to 
the East Devon District Council for 
£140,000. 

An attempt by Mr Norman Walker. an 
astronomer at the Royal Greenwich 
Observatory (RGO), to rescue the 
Sidmouth site is meanwhile in limbo. Mr 
Walker has been negotiating with the ex- 
ecutive council of the Norman Lockyer 
Corporation, and latterly. with the puta- 
tive owners, the East Devon council, ona 


‘plan to refurbish one of the telescopes and 


to install a 100-inch reflector in another of 
the three telescope domes Mr Walker 
says that ıf he could lease the site from one 
or other of its owners at a reasonable 
price, he would give up his job, move to 
Sidmouth and hope to pay for the cost of 
maintaining the essential buildings-on the 
site by the income from an estimated 
50,000 visitors a year to an exhibition he 
would mount. 

Mr Walker’s scheme is only the latest in 
a series of attempts to rescue the Sid- 
mouth scheme in the past two decades, 
since the Norman Lockyer Corporation 
formed a loose association with the Uni- 
versity of Exeter (then the University Col- 
lege of the South-West) in the heady days 
of the expansion of the British university 
system. As things are, there are no funds 
(and no ambitions) to support a program- 
me of observational astronomy at Exeter, 
while the cost of keeping the site in some 
state of order is beyond the resources of 
the university. A scheme for turning the 
Sidniouth site into an educational centre 
for East Devon schools, canvassed a de- 
cade ago, similarly came to nothing. 

According to Mr M. J Hislop, the 
registrar of the University of Exeter who 
is secretary of the Norman Lockyer 
Corporation, negotiations with the East 
Devon council have been under way for 
longer than the two years during which Mr 
Walker’s proposals have been put for- 
ward. The proposed selling price for the 
Sidmouth site 1s apparently that recom- 
mended by the district valuer, a person 
whose statutory duty is to value property 
for property taxation purposes. Mr Hislop 
says that the site is covered by restrictions 
on development which reduce its value. 

Nevertheless, Mr Walker says he is 
offended that the proposals put to him by 
the subcommittee appointed by the East 
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Lockyer observatory to be sold 


Devon council to look after the proposed 
purchase are unacceptable. Apparently 
he has been offered a lease on the part of 
the site occupied by the three domes and 
the three other buildings (a workshop, a 
set of offices and a bungalow) for £47,000, 
with a nominal rent for the first few of 90 
years, but with the provision that he would 
not be able to transfer the lease to the 
handful of colleagues who he hopes will 
join in the planned flight from RGO to 
what he hopes will be one of the few re- 
maining sites for observational astronomy 
in Britain. 

The corporation’s view of the future, 
according to Mr Hislop, is that the sale to 
the local council will now almost certainly 
go ahead, although a decision to dispose 
or the only substantial asset of the charit- 
able trust would have to be agreed by a 
meeting of the whole corporation, which 
appears not yet to have been arranged. 
Whether Mr Walker can back his plans 
with firm undertakings of financial sup- 
port before that meeting is an open ques- , 
tion. 

One curious feature of these develop- 
ments 1s that Lockyer seems to have been 
over-exact in his design of his charitable 
trust, whose objects are said to be “to 
build and maintain observatories for the 
good of astronomy”. The result will be 
that if the proposed sale goes ahead, the 
corporation will either have to find some 
other cognate project on which to spend 
£140,000 or arrange that the terms of the 
trust are changed. 

Mr Hislop says that while the mem- 
bership of the corporation includes some 
who were members ın Lockyer’s tıme, it 
now also includes many who have joined 
to “find out what is going on” o 


Weizmann Institute 
Rehovot 
ImMUNOLOGIST Michael Sela, president of 
the Weizmann Institute for the past ten 
years, will step down at the end of the 
month to be replaced by mathematician 
Aryeh Dvoretzky, now head of the Insti- 
tute of Advanced Study at the Hebrew Uni- 
versity. Sela plans to return to full-time 
research. j 

Sela is proudest of his programme of 
career development chairs, usually en- 
dowed by specific donors, by means of 
which 60 younger scientists have so far 
benefited. Building work has been given 
low priority, chiefly because of declining 
support from the government of Israel. 

Best known for his work in synthetic 
antigens, Sela intends to use a sabbatical 
year in the United States to develop his 
interests in synthetic vaccines, multiple 
sclerosis and the immunological targeting 
of drugs. Nechemia Meyers 
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CORRESPONDENCE 


Why down with metric? 


Sin—Using as a pretext the story of a com- 
puter error in the satellite orientation, 
D.C Jolly launches a harsh attack on the 
metric system (Nature 316, 480; 1985). 
Attempts to slow down the gradual met- 
rication of the United States are hardly 
understandable in view of the benefits the 
metric system inevitably brings to any 
country adopting it. 

Why did Japan during its rapid mod- 
ernization in the late nineteenth century 
adopt the metric system (still little known 
at that time) and not the imperial or 
American system? Most other countries 
did the same including Russia after the 
1917 revolution. 

The metric system peacefully con- 
quered almost the whole world. Its ob- 
vious convenience and progressiveness 
stems not from the French government 
decree of 1840 but from its inner accord 
with the way we count and from the entire 
commensurability of all metric units. We 
have 10 fingers and not 12 and this is why 
our numerical system is based on 10 and 
not on 12, despite the fact that 12 can be 
divided by 2,3,4 and 6 while 10 divides by 
only 2 and 5. One can ask if God or Nature 
made a mistake at this point, but this is the 
fact we have to live with! 

In sharp contrast with the metric, the 
traditional English (and slightly different 
American) system of weights and mea- 
sures has very poor inner self-consistency. 
It is not even based on the power of 12: 
while there are 12 inches in a foot, the inch 
itself is traditionally divided into 16 and 
not 12 parts. There are 16 ounces in a 
pound, 3 feet in a yard and 8 pints in a 
gallon. The two main units of length have 
no common basis at all — it is very difficult 
to find any meaning in the number 5,280 
which ts the ratio of a mile to a foot and 
which is, of course, remembered by 
almost nobody The list of oddities goes 
on and on. The gallon, for example, is 
nicely equal to 277.3 cubic inches and an 
acre amounts to 43,560 square feet (!). 
Even leaving aside the US gallon versus 
imperial gallon, statute mile versus nautic- 
al mile and regular ounce versus troy 
ounce, how can anyone claim the super- 
iority of all this jumble over the system 
based on the simple decimals? It is symp- 
tomatic that the units of the imperial sys- 
tem, lacking any common basis, are de- 
fined through their metric equivalents 
(legal definitions of foot, pound etc. ın the 
United States) 

There are many things in the world that 
divide nations and people. The metric sys- 
tem (along with the Western calendar) is 
one of the very few instruments that help 
to unite us. 

The future belongs to metric. Science is 
already metric worldwide (including, of 
course, the United States) and so is any 
scientifically based technology. It 1s well 
known that the delay in metrication was 


one (although not the main) reason for 
Britain’s loss of economic position after 
the Second World War Some US indus- 
tries already prefer to use metric in their 
Operations. We just cannot afford not to 
be metric. 

Almost all progressive innovations have 
been opposed in the past and often very 
violently People resisted printing, tele- 
scopes, steam engines, railways,’ tele- 
phones (invasion of privacy), cinemato- 
graphs (produce mental disorders), auto- 
mobiles, blood transfusion and use of X 
rays in medicine. Now some resist nuclear 
science, cosmic studies and molecular 
genetics (expensive and dangerous). The 
opposition to the metric system just be- 
longs to the same category. In other “hot 
topics” of public dispute today (abortion, 
star wars and so on) both sides have at 
least some argument to support their posi- 
tions. But there is indeed nothing behind 
the imperial system except stubborn re- 
sistance to progress mixed with ignorance. 
It affords no honour to a nation to insist on 
the obsolete. Nostalgic superstitions are 
of no help to economic and social prog- 
ress. ALEX A. BEREZIN 
Department of Engineering Physics, 
McMaster University, Hamilton, 

Ontario, Canada L8S 4M1 


Freewill and entropy 


Sin—Professor John Searle, in.the final 
lecture of the Reith Lectures for 1984, was 
unable to justify freedom of the will 
According to Professor Stuart Sutherland 
(Nature 313, 163; 1985), “if the mind is 
merely the brain under another guise, and 
if the physical world is determined, then 
there appears to be no room for freedom 
of the will”. 

The Oxford English Dictionary (OED) 
defines freewill as “the power of deter- 
mining one’s choice of action indepen- 
dently of causation or fate”, but is rather 
too optimistic, given the realities of life; 
certainly there are goals that may not be 
achieved by most people, despite the 
greatest of ambition. But the concept of 
freewill in the philosophy of life is de- 
finitely more attractive to the independent 
thinker than that of determinism, defined 
by OED as “the doctrine that human ac- 
tion is not free but determined by motives 
regarded as external forces acting on the 
will”. 

Freewill implies divergent thought, 
while determinism implies convergent 
thought processes. The scientist must be 
capable of divergent thought when arriv- 
ing at an hypothesis and then must con- 
verge on the salient features ın estab- 
lishing whether the hypothesis 1s true or 
false. 

As far as determinism is concerned, it is 
generally agreed that every effect has a 
cause or causes. This 1s a necessary condi- 
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tion for determinism but ıs not sufficient. 
For sufficiency, the causes must be deter- 
mined But this sufficiency may be un- 
attainable. For all processes, the second 
law of thermodynamics gives AS > 0 
where S 1s entropy. 

In all but the most idealized process, the 
entropy of the Universe is increasing and 
every cause has the effect of increasing the 
disorder of the Universe. Causes are lost 
in this increase of entropy and are indeter- 
minate as far as predicting the future 1s 
concerned Hence, in living systems, de- 
terminism will never catch up with events 
which we may therefore interpret as the 
results of freewill. 

Consciousness may be interpreted as 
the manifestation of biochemical proces- 
ses as electrical activity. But the firing and 
switching of the neurones combined with 
the release and binding of the various 
neurotransmitters at the synapses are pro- 
cesses which ensure that the brain func- 
tions far from thermodynamic equilib- 
rium. In these circumstances, entropy 
production makes it impossible for the 
brain function of freewill to be deter- 
mined. D.H. Evans 
Department of Applied Physics, 

Sheffield City Polytechnic, 
Pond Street, Sheffield SI IWB, UK 


Data in dock 


SIR—lI wish to draw the attention of your 
readers to the unfortunate circumstances 
that may arise when erroneous scientific 
conclusions are published in the technical 
press. 

In 1967, in a letter to Nature (216, 83; 
1967), Dr Isabel Gal published evidence 
purporting to show an association be- 
tween the occurrence of neural tube de- 
fects (meningomyelocele or hydrocepha- 
lus) and the administration of hormonal 
pregnancy tests to the mothers; Dr Gal, 
indeed, advocated the hypothesis that ex- 
ogenous sex hormones of the oestrogenic/ 
progestational type were the cause of 
these malformations. 

As a consequence of this published re- 
port, Į and others have recently been com- 
pelled to appear as defendants in civil pro- 
ceedings in the United States federal 
courts and have in the process been put to 
a great deal of inconvenience and ex- 
pense 

At the trial, however, Dr Gal’s conclu- 
sions did not stand up to scrutiny. 
Although in her orginal report hormonal 
pregnancy tests were said to be the only 
reasonable cause of spina bifida in 19 cases 
of malformed births, it emerged at the 
trial that in each of the cases cited there 
was a more probable cause for the neural 
tube defects than originally suggested. 
Readers will note that it has taken 15 years 
for the falsity of these conclusions to be 
publicly established. 

WILLIAM D. CRAWLEY 
787 Chickamauga Avenue, 
Rossville, Georgia 30741, USA 
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Whatever happened to chemistry? 
Chemists have done wonders in losing their identity in the rest of science. The US successor to the 
Westheimer report (1965) would give them a new separate identity. 


` WHATEVER becamé of the great disci- 
plines into which science was once orga- 
nized?’ Mathematicians of different spe- 
cialities have for many years been unable 
to speak to each other Physics, the legend 
goes, isso balkanized that it is necessary to 
know where a graduate has been a student 
before being able to tell what he can be 
asked to do. And chemistry? Naturally the 
old division between the inorganic, orga- 
nic, and: physical subdisciplines can only 
have become more entrenched, and thus 
more separate, with the passage of time. 
‘ This question is prompted by the 
appearance earlier this month of a new 
report on the state of chemistry from the 
US National Academy of Sciences (or, 
strictly speaking, from the National Re- 
search Council, its research arm). The 
objective seems to have been to produce a 
document that would be a worthy succes- 
sor to what is generally known as the 
Westheimer report, the document emerg- 
ing from a committee under Frank Westh- 
eimer, then a Harvard professor, which 
was the case in 1965 for more grant- 
making agencies to pay more attention to 
chemistry George C. Pimentel, professor 
of chemistry at Berkeley, has had the invi- 
dious task of welding together this de- 
cade’s prospectus (Opportunities in che- 
mistry, National Academy Press, $18.50 
or $28.50, paper or hardback): 

The most obvious feature of the latest 
document is its hyperbole, which should 
be forgiven (but also discounted). “Intel- 
lectual ferment” is the key word picked 
out by the academy’s press office. In Van- 
nevar Bush’s idiom of The endless frontier, 
the Pimentel committee begins by 
announcing that, in the intervening 20 
years, “chemistry has undergone a virtual 
revolution” and that “new frontiers lie be- 
fore us”. Curious though it may seem, the 
committee appears to have overlooked 
the most striking feature of the tale it has 
to tell, that the intervening twenty years 
have seen the near-extinction of the old 
subdisciplines. 

It is a curious and unexpected develop- 
ment. The essence of a chemist is that he 
should be able to recite the Periodic Table 
and know which parts of it have which 
properties. This knowledge, the pri- 


vileged possession of university teachers - 


and their students as recently as half a 
century ago, is now more widely shared. 
People who build lasers-have been forced 
to learn the language; so too have those 
who would design novel semiconductors, 


or ternary alloys that are both magnetic 
and superconducting. Even the chemists’ 
special knowledge of reactions, the feeling 
for the difference between a ‘first-order 
and a second-order reaction, for example, 
has been partly hijacked by astrophysicists 
eager to know what happens to elements 
of the Periodic Table in the spaces be- 
tween stars. 

Another influence working ın the same 
direction has been the development of 
new techniques. Pimentel is right on that. 
Indeed, the committee might have made 
more of the character of the change that 
there has been since Westheimer. Then, 
in 1965, when the automatically operated 
pH meter had become a standard labora- 
tory tool alongside the cathode-ray tube, 
and when newly developed spectroscopic 
instruments were being manufactured 
commercially, people had only begun to 
dream of chemistry laboratories as the 
centres of electronic excellence they have 
now become. 

, The mystique has nevertheless not quite 
disappeared. Constructing a machine that 
will assemble chemical ingredients in 
some predetermined sequence still re- 
quires some knowledge of whether the ın- 
termediates will be gaseous, liquid, solid 
or sludges of ill-defined phase Ele- 
mentary education will probably still bear 
the marks of the old subdisciplines for 
some years to come. Mercifully, perhaps, 
some teaching establishments will remain 
more backward than the leaders in the 
field, with the result that the supply will 
not entirely dry up of those who know how 
to diazotize a simple compound without 
precipitating common salt, or who can ex- 
tracta globule of shiny metal from a sam- 


_ ple of stannous chloride and promise to 


extract tin by the tonne from rock. 

The most important influence in the de- 
disciplinization of chemistry has, howev- 
er, been that of the theoreticians, a still 
despised body of people when the West- 
heimer report was written. While the 
theoreticians’ ambitions have never been 
obviously constrained by over-modesty, 
their craft has always been indifferent to 
atomic number Indeed, those who have 
been the chemists’ camp-followers began 
by being preoccupied with hydrogen, the 
simplest of all atoms, and stayed that way 
for far too long. Often, in Westheimer’s 
time, 1t must have seemed as if theoretical 
chemistry was just another way of think- 
ing up novel ways of introducing arbitrary 
constants into empirical equations The 


time required for difficult notions to ma-, 
ture had obviously been underestimated 
Chemists who doubt that might reflect 
that it 1s now ‘possible to calculate the 
mutual potential energy of three or more 
polarizable molecules when, in Westh- 
eimer’s time, the mutual interaction of 
two was beyond them. 

So why not boast that chemistry has 
become more open, less of a discipline? 
The difficulty is complicated. Pimentel 
says in his introduction’to his report that it 
is ‘addressed to “those responsible for 
guiding. science policy in the Congress and 
the Administration”, which ts another 
way of saying that it is an appeal to the 
moneybags. Indeed, the specific recom- 
mendations in Opportunities in chemistry 
cansist not so much of promises on which 
chemistry, described as a “central science 
that responds to societal needs” (the com- 
mittee’s chosen theme), will eventually 
deliver, but of recommendations that spe- 
cific grant-making agencies (the US 
National Institutes of Health and the US 
Department of Defense) spend more of 
their resources on the support of chemis- 
try. One particular argument ts that there 
is a need for a proportion of research 
grants to be larger than ıs now customary 
so as to allow for the purchase and opera- 
tion of expensive equipment. 

There is nothing wrong in this; it would 
be bad not merely for the United, States 
but for chemistry if the support for serious 
research in the field should sink, as a prop- 
ortion of general spending on research, to 
the level now reached in Britain. But there 
again, the hyperbole needs watching. The 
Pimentel report says that the “current 
federal investment ın chemical research is 
still historically rooted in a funding pat- 
tern appropriate to a test-tube and Bunsen 
burner era .-” Can that be so? With all 
those NMR machines now somehow scat- 
tered about the chemistry departments of 
United States universities? In a sense, 
readers will quickly grasp what the com- 
mittee is trying to say — that this is an | 
important field in which more spending 
would bring great rewards. But since the 
moneybags to whom the report 1s addres- 
sed are precisely those who have provided 
the NMR (and other) machines now at 
work, there is a danger that the ears of 
those whom it is intended to impress will 
be the first to close Holding up chemistry 
as g field that has rid itself of old-fashioned 
disciplinary barriers would have had a 
similar effect. John Maddox 
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Why did the Polynesians i 
abandon their mystery islands? 


from Jared M. Diamond 


WHEN Europeans entered the Pacific 
Ocean ın the 16th century, they found 
Polynesians or other peoples living on 
most islands except for some small 1so- 
lated or ecologically impoverished ones. 
Archaeological evidence subsequently 
showed that at least 12 of these unmhab- 
- ited islands had previously been occupied 
by Polynesians and then abandoned 

Why the inhabitants left these islands 
has been the subject of much speculation!’ 
—- internecine warfare, simular to the kall- 
ings that nearly wiped out the colony 
founded on Pitcairn Island by the mutin- 
eers from HMS Bounty, water shortage, 
illness, natural disasters, homesickness or 
lack of women are possible reasons. A 
recent paper by David Steadman and 
Storrs Olson’ identifies another possible 
contributing factor: extermination of the 
populations of native birds used for food. 

The ‘mystery islands of Polynesia’ 1n- 
clude Pitcairn and Henderson, east of the 
Tuamotu Archipelago, Norfolk and 
Raoul, off the east coast of New Zealand, 
Nıhoa and Necker, near Hawaii, Palmer- 


ston and Suwarrow in the Cook group and 


several of the Line Islands. 

Steadman and Olson have studied Hen- 
derson Island, one of the world’s most iso- 
lated scraps of land, lying over 100 miles 
east of Pitcairn Island and more than’3,000 
miles from any continent. With an area of 
only 15 square miles, fissured coral terrain 
and little fresh water,-Henderson 1s still 
uninhabited and is often considered to 
have been almost unaffected by man. It 1s 
home to 12 species of breeding seabirds 
and four endemic species of landbirds: -a 
warbler, dove, parrot and flightless rail 
The only other vertebrates are a few intro- 
duced species. 

In 1971, Sinoto’ discovered remains of 
a former Polynesian settlement with a 
radiocarbon date of about Ap 1200 — 1500. 
The settlement evidently survived for 
some time, because the oldest of the three 
cultural strata included pearl-shell:fish- 
hooks and stone adzes, made of materials 
absent on Henderson Island and presum- 
ably brought by early settlers, whereas the 
youngest stratum contained shell tools 
made' of inferior local materials after 
the imported material had been ex- 
hausted. The archaeological deposits con- 
tained bones of eight species of seabirds, 
six of them represented by juveniles that 
presumably had hatched on the island. At 
least one, and possibly three, of these 
species no longer breeds there and one of 
them, the storm petrel Nesofregetta fulig- 
inosa, also disappeared from Mangaia in 
the Cook Islands after Polynesian settle- 


ment. There were also bones of two large 
pigeons of the genus Ducula, one of which 
would have weighed about 0.4 kg and is 
similar to D. aurorae or D. pacifica, 


. species that survive on Tahiti and western 


Pacific islands, respectively; the other 
would have weighed about 0.8 kg and 
resembles D. galeata, found in the Mar- 
quesas. No bones of the usual Polynesian 
domesticated animals — pigs, dogs and 
chickens — were found. 

Obtaining food on Henderson -would 
have been difficult for these early Polyne- 
sian settlers, just as itis today The steep 
coastline and lack of extensive reefs or 
lagoons limit the catching of fish and 
marine invertebrates. Domestic animals 
evidently did not arrive or survive, and 


growing the usual Polynesian crops such ' 


as taro, breadfruit and sweet potato may 
have been difficult on coral terrain with 
little soil. The settlers may instead have 
depended for food on the abundant breed- 
ing seabirds and on the large pigeons, 
which, because they had no previous ex- 
perience of humans, were undoubtedly 
tame and easy to kill. When these birds 


~ 
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were eventually exterminated, the settle: 
may have faced starvation or had to abar 
don their colony.. 

The evidence for extermination of birc 
on Henderson Island adds to the ‘growin 
body of evidence from Hawau, New Zes 
land, Fij, New Caledonia, the Chathar 
Islands, the Cook group and the Ma: 
quesas. On all these Pacific‘ islands th 


‘first arrival of humans, Polynesians ¢ 


their ancestors, was followed by a wave t 
extinctions similar to the ones that Eurc 
peans caused when they first reache 
islands of the Atlantic and Indian Ocean: 
and that followed the Indonesian‘occup% 


‘tion of Madagascar’. The évidence froi 


Henderson Island suggests that at lea: 
some of the other mystery ‘islands’ ma 
have been abandoned as a result of ove 
hunting the birds used as food; extini 
birds are also known as -fossils fro! 
Norfolk Island®. Imprudent hunting 

evidently not just a modern problem. I 
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5 Martin, PS & Klem, R G Quaternary Exfinctions {Ui 
versity of Arizona Press, Tuscon 1984) 
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Solid state physics 


Phonon images in semiconductor: 


from W.A. Phillips 


THE pattern shown in Fig. 1, which could 
be used as an illustration ‘for a book on 
catastrophe theory, is an image of high- 
frequency (700 GHz) sound waves prop- 


agating in a single crystal of the semicon- : 


ductor gallium arsenide. It comes from a 
recent paper by G.. A. Northrop, S. E. 
Hebboul and J. P. Wolfe (Phys. Rev. Lett 
55, 951; 1985) It is'no accident that this 


pattern ıs similar to the caustics (bright. 


lines) seen when light 1s reflected on the 
surface of a liquid in a cup. Both result 


from geometrical focusing. In semicon- 
ductors this focusing arises because the 


velocity of sound is not isotropic, which in 
turn ıs a result of the anisotropy of the 
crystalline structure and the interatomic 


forces. These pictures are therefore a’ 


sensitive test of our understanding of 
interatomic forces in solids. 

- The diagram is a result of an ingenious 
experiment.:A pulse of laser light incident 
on one surface of the crystal excites elec- 
trons from the valence to the conduction 
band. On dropping back, the electrons 
emit phonons, quanta of vibrational en- 
ergy, bearing the same relation to sound 
waves as photons bear to electromagnetic 


waves. This burst of phonons propagate 
ballistically through the crystal and is de 
tected at a fixed point on its opposite fac 
a fraction of a microsecond later. By scar 
ning the laser across the surface of tk 


‘crystal the phonon intensity can be me: 
‘sured as a function of propagation dire: 


tion. Phonon intensity is converted 1 
brightness on a video- display to give 
phonon image, so that caustics correspon 
to directions in which phonons are focuse 
on the detector. 

Sound propagation in crystals 1s muc 


"more complicated than in gases because í 


the effect of the regular structure. Tk 
dispersion relation, which describes tk 
relation between angular frequency w an 
wavevector q is. more complex than fo. 
say, sound waves in a gas, where the phas 
velocity v, = w/q is independent of w. E: 
perimentally, inélastic neutron scattenr 
is the most powerful technique for stud: 
ing dispersion relations — the change i 
neutron energy giving w and the chang 
in. direction giving g. Complementa 
theoretical studies in essence consider tt 


‘solid as a collection of particles he 


together by springs that represent tł 


a 
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interatomic potentials. Experiment and 
theory agree that the velocity normally 
decreases as w increases (although this is 
not usually significant below 1.000 GHz) 
and, more importantly for these experi- 
ments. that it varies markedly with prop- 
agation direction. 

A localized wave disturbance (wave 
packet) does not travel with the phase 
velocity v, if this varies with frequency or 
direction, but with the group velocity v, = 
9w/3q. Perhaps the most common exam- 
ple is long-wavelength surface waves on 
deep water, where the group velocity is 
half the phase velocity. If v», varies with 
direction the effect is more subtle: the 
direction of propagation, and hence of 
energy flow, is not parallel to g. This can 
be illustrated by reference to Fig. 2a which 
shows schematically, for a typical semi- 
conductor, a contour of constant frequen- 
cy as a function of q, and q,. The sound 
velocity is anisotropic, so that the con- 
tours are not circles. At any point on this 
contour the direction of energy flow is 
perpendicular to the contour, as is seen 
in Fig. 2b, which shows a small section of 
two neighbouring constant frequency 
contours. Because ðq, is smaller than dg,, 
the component of the group velocity along 
x is larger, and by a simple geometric 
argument the resulting group velocity v, 
can be seen to be perpendicular to the 
contour. 

Phonon focusing is a direct conse- 
quence of this result. The initial phonon 
pulse contains a complete range of direc- 
tions for q, but energy propagation is con- 
centrated in certain directions. For exam- 
ple, at point A on the contour in Fig. 2a 
the energy contained in a range 0 of q 
orientations is dispersed into a larger 
angle 6’, while at B all the energy in a 
range @ propagates in a single direction. 
A very greatly enhanced energy flow 
therefore occurs for directions in which 





Fig. 1 A photoexcited phonon image obtained 
in a 2 mm thick GaAs (110) oriented crystal. 
The two bright diamond structures correspond 
to phonons propagating along <100> (photo 
courtesy of J. P. Wolfe). 
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q, 
Fig. 2 a. A section through the constant frequency surface for a typical semiconductor in the xy 
plane. b, Two closely spaced contours are used to show geometrically why the group velocity is 
perpendicular to the contour. 


the curvature of the constant w surface 
vanishes, and it is these singularities that 
give rise to the caustics in Fig. 1. 
Experimental determination of these 
singular directions provides a more severe 
test of the accuracy of constant frequency 
suriaces than does neutron scattering. An 
even more searching test is the variation of 
the surface topology with w, observed as a 
change in the pattern when higher fre- 
quency phonons are selected by the detec- 
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tor. It is also a testing experiment, since it 
requires thin crystals to ensure that suffi- 
cient phonons reach the detectors, with 
very small detectors and well-focused 
laser beams to define directions. Prog- 
ress will be rewarded by an even more 
detailed knowledge of interatomic forces 
in solids. go 





W.A. Phillips is at the Cavendish Laboratory, 
Madingley Road, Cambridge CB3 OHE, UK. 





Molecular evolution 





Origins of repeated DNA 


from John Rogers 


DisPperseD within the genomes of all 
mammals are short DNA sequences that 
occur many times over. Several families of 
such dispersed repeated sequences have 
been identified; how they evolved and 
what, if any, function they serve has been 
the subject of much discussion. Until re- 
cently, all that has been clear about the 
origin of these repeated sequences is that 
two families — Alu of primates and B1 of 
rodents — have evolved from the gene for 
an RNA molecule (7SL RNA) that per- 
forms an esssential function in protein 
synthesis’. Recent papers, including one 
published on page 819 of this issue’, show 
that several other families of repeated 
sequences are descended from transfer 
RNA (tRNA) genes. 

Most dispersed repeated sequences in 
mammals have lengths of 80-300 nucleo- 
tides and each occurs about 10° times per 
genome, as exemplified by the Alu family 
in primates. It is thought likely that the 
repeats are created by reverse transcrip- 
tion of RNAs into DNAs, which are then 
integrated into the genome; such dis- 
persed copies of RNAs have been desig- 
nated retroposons (reviewed in ref. 4). 
The high number of A/u-like retroposons 
is believed to depend on the fact that many 
individual members of these families can 
be transcribed by RNA polymerase III 
(pol III), the promoter for which consists 


of sequences within the transcribed gene; 
therefore, reverse transcripts of many 
retroposons will retain pol III promoter 
sequences and will be able to undergo 
further rounds of transcription and reverse 
transcription. In this way, the sequence 
can spread through the genome as a form 
of selfish DNA. This theory of the origin 
of Alu-like families constitutes a null 
hypothesis which renders unnecessary 
the numerous and poorly-supported sug- 
gestions for Alu functions. Although the 
creation of new retroposon copies has not 
yet been observed directly, the theory is 
consistent with the evolutionary lability of 
such families. They are entirely different 
in different mammalian orders and can 
show major differences even between re- 
lated genera. For example, the so-called 
ID sequence* is a major Alu-like retro- 
poson called R.dre.1 (ref. 6) that has been 
found near many other rat genes*” but not, 
so far, near any mouse genes. So one must 
ask where these proliferative retroposon 
families come from. 

The first Alu-like family to be identified 
as descended from a tRNA“ is the C 
family of artiodactyls (cows and goats). 
This family has a consensus sequence that 
is 65 per cent homologous with several 
tRNAs and can, in theory, be folded up 
into a secondary structure with all the in- 
variant residues and the four stems and 
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‘anticodon’ of the folded structure cor- 
‘responds to cysteine; unfortunately, no 
-mammalian tRNA for cysteine has yet 
been sequenced for comparison. 
-Paniels and Deininger’ now present 
two more such examples. One is an Alu- 
ike family from the bushbaby, Galago, 
whose consensus sequence is shown to be 
68 per cent homologous with the tRNA 
-for the methionine that initiates protem 
sequences (tRNA), Again, this sequ- 
-ence can be folded into a tRNA structure 
¿with all the conserved residues in place, so 
these retroposons must be derived from 
iator tRNA™". The other example is 
the rat R.dre.1 family. Although this has 
no:good anticodon or aminoacyl stems, it 
has perfect D and W stems, and 73 per cent 
homology to tRNA*" from an insect 
(mammalian tRNA* has not been sequ- 
enced). Even if the obligatory promoter 
_ Sequences are excluded from comparison, 
the section between them still shows a 
~ sequence match (21/31 with no gaps) that 
~ has a probability of less than one per cent 
 ofoccurring by chance. 
<o Por a tRNA sequence to become a pro- 
_ |iferative retroposon, it apparently needs 
to acquire the means of priming reverse 
_ transcription from its 3’ end. The primer is 
not known, but all retroposons end in 
~ oligo(A) or a similar repetitive structure, 
and the Galago ‘monomer’ and rat 
< R.dre.1 both end with oligo(A) immed- 
~ iately after the tRNA-like sequence. The 
-Galago sequence is also widespread as 
part of a heterodimer with the 3’ half of 
the primate Alu sequence’, so it is possible 
that a chance recombination between 
-> these two retroposon families has com- 
bined favoured elements of each. Accor- 
- dingly, the consensus sequence of the 
heterodimer version is further from 
TARNA" than is the monomer version’. In 
the same way, the artiodactyl C sequence 
-has always been found as the 5’ element in 
-a heterodimer. with. a sequence from 
another retroposon family’. 
< Other major Alu-like families — B2 in 
‘odents and C in rabbits (no relation to C 
artiodactyls)—~ have also been screened 
r tRNA homology" but. their rela- 
mships are more obscure. The B2 family 
clearly evolving rapidly; the consensus 
quence is substantially different in mice 
id hamsters, and several major variants 
e found in mice’. Like R.dre.1, B2 and 
bbit C do not have complete tRNA-like 
ructures and show only moderate simi- 
arity to mammalian tRNAs — 60—64 per 
snt homology, even if the promoter 
xes and several gaps are included. 
(Higher values’ arbitrarily exclude the 
| poorly-matching -extremities.) B2 and 
R.dre.1 show as much similarity to cach 
other’ as to a tandemly repeated pol lll 
gene called OAX in frogs’. But the 
-striking homology of R.dre.1 to t(RNA*" 
seems to rule out a common origin for all 
these sequences. This leaves two possible 









































except for part of the; aminoacyl s stem. . The he | 


families has independently ‘evolved fr from a | ha 





tRNA, and their mutual similarities mere- 


ly reflect the slight homologies between 


tRNAs. A lack of strong homology to any 
particular tRNA may either be because 
the ancentral tRNA has not yet been sequ- 
enced, or because the retroposon families 
have evolved too far. The alternative 
theory is that the similarities reflect con- 
vergent evolution, under selection not 
only for the promoter sequences but also 
for additional tRNA-like features sur- 
rounding them, in particular the D and Y 
stems. Admittedly, it now seems unlikely 
that the D and Y stems play a role either in 
the promoter’ or, in the case of R.dre.1, 
in the secondary structure of the complete 
RNA’; but perhaps they are recognized by 
reverse transcriptase, especially because 
tRNAs are the primers for reverse trans- 
cription in retroviruses. So, although 
some retroposon families may have arisen 
from as yet unidentified pol IH genes and 
undergone convergent evolution, a more 
economical explanation, at present, is that 
they are descended from tRNA. 

Similar arguments apply to some other 
pol Ili genes. A distant tRNA origin 
has been suggested for the translation- 
stimulating pol IH genes in some DNA 
viruses”; the same suggestion is now made 
for newly discovered, highly repeated pol 
III genes in lower vertebrates”. The OAX 
genes in Xenopus, also called satellite I, 
are one such gene family, with more than 
10° copies in tandem repeats’. The 
newly defines pol IHI genes from newt 
and tortoise” are even more highly re- 


not Fep, as the: specit 


enced have neither the oligo’ (A) tail O 
the terminal duplications that disting 
retroposons, and retroposons are generals 
ly rare outside mammals. All three sequ- — 
ences have D and W stems associated with 
their promoter boxes, and the newt and 
tortoise sequences show a respectable 69- 
70 per cent homology to certain tRNAs”. 
This strongly suggests that they too arose 
from tRNAs. But their biological role is 
unknown; they too await a verdict of use- 
ful or selfish, bearing in mind thatevenifa 
repeat family has arisen in a useless form, — 
some of its members may still acquire use- 
ful roles. 
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Archaeology 





Origins of Italian hilltop towns 


from Richard Hodges 


Hititop towns are a striking feature of 
the Italian landscape. Their origins have 
attracted considerable attention in recent 
years since Pierre Toubert’s study of 
village formation in the Sabine Hills’. 


Toubert drew upon the voluminous. 


archives of the early mediaeval abbey at 
Farfa to show that villages within its terri- 
tory were first settled on hilltops in the 
tenth century. Village formation (incastel- 
lamento in Italian) appears to have re- 
sulted from the economic explosion in the 
decades before the end of the Dark Ages 
around ap 1000. Not all archaeologists 
and historians, however, have been con- 
vinced by Toubert’s model. Some believe 
that nucleated hilltop settlements in Italy 
date from the collapse of the Roman 
Empire: others claim that the pattern of 
early mediaeval settlement was regionally 


varied, with hilltop villages occurring in 
some but not all areas from the tenth |. 
century. Recent archaeological research. 
| throws light on this intriguing debate. 


Extensive field surveys in many parts of 


great numbers. Excavations by the Brit 





Italy conclusively. demonstrate. that” the ii 
classical settlement pattern disappeared. 
between the early sixth and early seventh 
centuries. Towns contracted to mere shad- 
ows of their former grandeur’, villas and 
cottages seem to have been deserted in 









School at Rome have been aimed a 
ing out what happened to the popu 
— did it mysteriously disappear o1 i 
new settlements founded? At Ponte j 
Nepesino, a hilltop site a few ‘north 
of Rome, a small settlement occupied be- 
tween the sixth and fifteenth centuries eo has 








reddo à 
settled for its E ve Un 
the stone villas and cottages rec 
abandoned in the countryside around t e. 


site, the early mediaeval dwellings on 


Ponte Nepesino were of timber and placed 
haphazardly along the edge of the hill. A 
palisade enclosed the small community, 






-| which resembled a prehistoric hillfort. 


The standard of living was modest until 
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the later tenth or eleventh centuries, when 
a tower house and accompanying stone- 
built dwellings were constructed. Associ- 
ated with these buildings are other evi- 
dence of the economic explosion: a variety 
of mass-produced pottery. glassware and 
metalwork. 

Two similar sites have been recently dis- 
covered further south in the region of 
Molise. Santa Maria in Civita, like Ponte 
Nepesino, overlooked a Roman bridge; it 
was also fortified by a palisade with at 
least two clusters of timber dwellings built 
up against these defences’. By contrast, 
the hilltop settlement of Vacchereccia, 
close to the early mediaeval monastery 
at San Vincenzo al Volturno, appears to 
have been undefended. This settlement 
was called Baccaricia in the tenth-century 
charter issued to its inhabitants by the 
monastery, but recent excavations show 
that the hill had been occupied since the 
sixth century. The impoverished pottery 
from the early phase of occupation mir- 
rors the neolithic; however, Vacchereccia 
commanded good resources and the lim- 
ited faunal evidence reveals that domestic 
production was not entirely primitive. 
As at Ponte Nepesino, the material 
culture altered drastically in the tenth 
century as the San Vincenzo monastery 
apparently attempted to regulate life in 
the village more efficiently’. 

These three excavations suggest not 
only a dramatic break between the classic- 
al and mediaeval worlds, but also between 
town and country. Rural villas like that 
recently excavated at Altavilla Salerno’, 
south of Naples, were abandoned, even 
though several were then used for other 
purposes. British School excavations at 
Anguillara, for example, have demon- 
strated that a later Roman villa about 40 
kilometres north of Rome was turned into 
a church in the ninth or tenth centuries’. 
Not far away, a later Roman villa lies be- 
neath Pope Hadrian I’s monastic farm, 
dating from the late eighth century, at 
Santa Cornelia’. Likewise it is clear that 
the Benedictine monks who founded San 
Vincenzo al Volturno (in Molise) actually 
refurbished a pre-existing fifth-century 
villa. The ruins were patched and altered, 
just as many historians have predicted for 
monasteries in this period’, 

Still there is little doubt that there was a 
dramatic collapse of the rural population 
in the last years of the Roman Empire. 
Comparatively few castelli of the tenth or 
eleventh centuries were founded, like 
Ponte Nepesino or Vacchereccia, in the 
sixth century; and very few villas were 
occupied after the demise of the classical 
state. Instead, as was made clear at a 
recent conference on incastellamento, 
most hilltop towns and villages originated 
in the late ninth or tenth century, as 
Toubert claimed”. 

Scarlino, on the Tuscan coast and re- 
cently excavated, is typical”. It sits on a 
hill overlooking the Mediterranean; the 
site had been intermittently occupied in 
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Deserted mediaeval village of Montarrenti, 

near Sienna, Italy. 
prehistoric times, but there are no conclu- 
sive traces of early mediaeval settlement. 
The first village was founded in the tenth 
century with timber structures around the 
edge of the hilltop inside a fortification. 
The pattern resembles that of Ponte Nepe- 
sino, but the population was evidently 
much larger. Like Ponte Nepesino, Scarlino 
was soon redeveloped. A large castle was 
constructed in the twelfth century and the 
village soon became a town sprawling, as 
it does today, below the imposing citadel. 
The great wealth of late mediaeval arte- 
facts and rubbish connote a high standard 
of living, just as do the finds from small 
excavations within the heart of Orvieto 
and Sienna. High above their surrounding 
territories, these hilltop towns seem to 
have flourished after the turn of the mil- 
lennium almost despite the limitations im- 
posed by their locations. 

The archaeology, therefore, indicates 
that incastellamento in regions like the 
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Sabine Hills, where Toubert was working, 
reflect the need for increased administra- 
tive control over landed resources (hence, 
perhaps the increasing number of land 
charters from this period), as well as a 
rapid increase in the number of villages. 
These recent excavations also emphasize 
the enormity of the collapse of classical 
civilization, with settlements outliving the 
demise of the Roman state. Sites such as 
Ponte Nepesino and Vacchereccia de- 
monstrate the need for defensive sites, 
possibly commanding territories suitable 
for practising a simple domestic economy. 
Such places served as a model for rural 
settlement as political integration and eco- 
nomic expansion paved the way for 
mediaeval society from the tenth century 
onwards, And, as much as anything, they 
symbolize the break with the classical 
past and the emergence of mediaeval 
culture. o 
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Earth sciences 


Melt migration in the Earth 


from David J. Stevenson 


Most of the phenomena studied by 
geologists and geochemists are due,. at 
least in part, to the ability of fluids to 
migrate within the Earth’s interior. Three 
processes are believed to operate in melt 
migration: diapirism (large buoyant mas- 
ses of partially molten rock, rising by vis- 
cously deforming the surrounding solid 
rock), magmafracturing (the rapid migra- 
tion of melt along macroscopic fissures in 
cold rock) and two-phase flow in porous 
media (the microscopic percolation of 
buoyant melt in a partially molten rock, 
and an essential precursor to the other 
two processes). As a recent paper by 
McKenzie’ shows, it is in understanding 
the third of these processes that the most 
significant recent developments have 
occurred. 

Flow in porous media has had a quan- 
titative description, known as Darcy’s law 
for over one hundred years. This law, 
which relates the flow of fluid to the per- 


meability of the medium, the pressure gra- 
dient driving the flow and the viscosity of 
the fluid, has been used extensively in stu- 
dies on melt migration in the Earth’s 
mantle’. There are two problems in the 
application of Darcy’s law in its simple 
form: enormous uncertainties in the per- 
meability, and an incomplete prescription 
for the pressure gradient driving the flow. 

Although problems remain, one major 
uncertainty in the permeability may have 
been removed, since it is increasingly 
apparent from both theoretical and ex- 
perimental considerations that the melt 
forms an interconnected network down to 
arbitrarily small melt fraction, at least for 
materials which are of geological interest 
and have achieved textural equilibrium. 
McKenzie provides strong support for 
earlier speculations that very low melt 
fractions (perhaps as low as 0.1%) of low 
viscosity (water-rich or carbonatitic) mag- 
mas can be readily mobilized, with the 
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-Perhaps more significant, at least froma 
physics standpoint, has been the develop- 
ment of a ‘generalized’ Darcy’s law which 
provides a prescription for the pressure 
gradient by incorporating a constitutive 
law for the crystalline framework. The 
problem is this: how does the solid 
dium allow the withdrawal of magma? 
ince nature abhors a vacuum, the pores 
iust close. On a geological timescale, 
his will occur by viscous creep and can 
€ characterized by a bulk viscosity 
although the relevant microscopic pro- 
esses are presumable the same ones 
tat determine the shear viscosity). The 
uoyancy-derived gravitational power 
riving the percolative flow is then bal- 
need by two forms of viscous dissipation: 
hat caused by the flow of magma in the 
Aicroscopic tubules between grains, and 
‘that caused by distension or compaction of 
the solid matrix. If the latter becomes 
comparable to, or greater than, the for- 
- mer, then the usual simple form of Darcy’s 
claw is invalid. This occurs for systems in 
which the melt fraction varies on a length- 
scale less than, or comparable to, the 
“compaction length’ ~ (4,k/u,)"", where k 
is the permeability (dimensions of area), 
“>. is the appropriate solid-state viscosity 
anda, is the viscosity of the liquid. This is a 
_ macroscopic lengthscale of potential geo- 
logical interest, and can be 100 m—1 km, 
- orevenlarger. Its most striking manifesta- 
tion is in the spontaneous formation of 
solitary. waves, discovered during com- 
= puter experiments”. 
=o In one dimension, these shape-preserv- 
qing waves are horizontal sheets of en- 
< hanced partial melt fraction which prop- 
agate vertically, riding over a low partial 
melt fraction. The governing equation is 
not any of the famous ones analyzed in 
non-linear wave theory (for example, 
‘Korteweg-de Vries) and the waves are 
‘probably not exactly solitons in the strict 
mathematical sense. Nevertheless, these 
vaves have remarkable preservation and 
re almost exactly conserved after colli- 
ion with other waves. Most significantly, 
thaps, they are readily produced and 
ere is little reason to doubt that they can 
cur naturally in the Earth. An analogue 
oratory system, consisting of waves €x- 
ed on a fluid conduit and under study at 
ns Hopkins University, Woods Hole 
California Institute of Technology, 
bits remarkably similar phenomena. 
; two dimensions. computer simula- 
ns incidate a the ‘one-dimensional 

















solitary waves, “These : ‘magmons’ es 
-ably only occur in regions of slow mantle 
‘upflow (and may therefore be unimport- 
ant beneath mid-ocean ridges) but could 
influence the morphology. episodity and 
geochemical signatures of a variety of 








stration of their existence andi innportance 


in the Earth remains a tantalizing goal; the 
best clues may be geochemical. 

Indeed, McKenzie’s recent work has 
focused primarily on the geochemical 
aspects of our improved understanding of 

melt migration. In particular, he stresses 
that as long as one concentrates on major 
element chemistry, there is agreement be- 
tween the predicted extent of melting be- 
neath mid-ocean ridges and that inferred 
from depleted peridotites. Only if one 
looks at incompatible trace elements is 
there disagreement. His explanation 
(similar to that recently put forward by 
O’ Hara) involves the extraction of a small 
degree of partial melt from a large volume 
of mantle, which is possible if the first melt 
has low viscosity and is highly mobile. 
Since the geochemical and isotopic signa- 
ture of a differentiation event can depend 
on the degree of melting, McKenzie also 
suggests that arguments currently used to 
estimate the ages of continental crust- 
forming events require re-examination. 


For example, the bulk of the continental - 
crust may have been produced by direct 
melting of five per cent of the mantle at 
the time of the Earth’s accretion; this ex- 
tensive differentiation process would not 
fractionate Rb from Sr, or Sm from Nd, 
and would therefore not be ‘recorded’ by 
the usual isotopic clocks. 

Other arguments can be brought to bear 
on such an issue, but most important is 
that geochemistry has long languished 
from insufficient quantification of the 
physical processes it documents. The ex- 
citing prospect emerges of a synthesis of 
geological, geochemical and geophysical: 
evidence of how the Earth differentiates | 
and evolves. {J 
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T-cell receptor 


The present state of recognition 


from Miranda Robertson 


The long pursuit of the genes encoding the antigen receptor of T lymphocytes ended 
last year with the isolation of three genes — the expected œ and B genes and a third gene, 
y, which was entirely unexpected. Now that more is known about these and other 
related genes, how much more do we understand about the mechanism of antigen 
recognition by T cells and the molecular basis of cellular immunity? 


Many will have hoped’, or feared, that 
the isolation last year of the genes encod- 
ing the T-cell receptor for antigen’ would 
quickly dispel much of the controversy 
and confusion surrounding the molecular 
basis of cellular immunity. Yet the astonish- 
ing progress of the past year or so, which 
has seen the isolation of seven genes with 


known or suspected importance in the 


ontogeny and function of T lymphocytes, 


has done almost as much to inflame the 


controversy as to clear the confusion. The 
controversy is focused chiefly on the ques- 
tion of how many receptor molecules 


mediate the recognition of antigen by T 


cells and most of the confusion concerns 
the definition of functional T-cell subsets. 
What follows is an account of the present 
state of the attempt to fit the unambiguous 
facts of molecular biology into their 
more equivocal cellular context, partly as 
reflected at a recent meeting in Aspen”. 


The problem of recognition 

The central feature of antigen recognition 
by T lymphocytes is that T cells will recog- 
nize foreign antigen only when it is associ- 
ated on the surface of a cell with a mol- 


ecule encoded by the major histocompati- | 


* A conference on T-cell receptors. genetics. structure and 


| function, held at the Given Institute of Pathobiology. Aspen. 


Colorado, 5-7 July. 1985. 








bility complex (MHC). This phenomenon 
is known as MHC restriction and ts the 
single clear operational distinction be- 
tween recognition by T cells and by B cells 
(which can see foreign antigen on its own). 
It also means that the question of antigen 
recognition is bound up with the defin- 
ition of functional T-cell subsets, for the 
following reason. 

By functional criteria, there are three 
major subsets of T cells: the cytotoxic cells - 
that destroy virus-infected cells; and two- 
regulatory subsets, comprising helper and 
suppressor cells, that modulate the activ- 
ities of the effector cells, including the B 
lymphocytes that produce antibodies. The 
functional definition of suppressor cells is 


| somewhat problematic, and because it 


now seems that many of them do not ex- 
press T-cell receptor genes (see ref. 1), the 


/ ensuing discussion will be confined to the - 
cytotoxic and helper subsets. 


In general, the helper and cytotoxic. 
subsets recognize different classes. of 
MHC molecule: cytotoxic cells usually see 
antigen in association with class I MHC 


- molecules, which are expressed on all cells 


(which makes sense because any cell may 
be infected with a virus); and helper cells 
usually see antigen in the context of MHC 
class H molecules, which are expressed 
largely on the cells of the immune system 
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fferent T-cell subsets, reflected in 
ructure of their receptors? 

le possibility, raised at the time MHC 
striction was discovered, is that foreign 
antigen and MHC molecules are recog- 




















e of cell biology’ and biochemistry" 
ice then has, however, favoured the 
alterna ve possibility, namely dual recog- 
tion by a single receptor that has been 
biochemically defined as a heterodimer 
consisting of one a and one $ chain’. 
+. Moreover, the isolation of the genes en- 
~~ coding the a and 2 chains has shown that. 
although they are closely related to those 
- encoding the immunoglobulin molecules 
that» mediate antigen recognition by B 
::- cells, they are also distinctively different 
<in ways that could reflect the demands of 
-dual recognition. Fig. | illustrates our pre- 
sent knowledge of the genomic organiza- 
tion of the antigen-receptor gene family, 
including the .y. gene which is clearly .a 
member of the family although it is not 
certain that it encodes an antigen receptor 
(see later). 
‘Like the immunoglobulin genes, the 
i genes encoding the T-cell receptor are 
` assembled from separate segments, one of 
~ which encodes an invariant carboxy- 
terminal domain known as the constant 
. (C) region, while two or three other sèg- 
= ments, Known as the V, D and J segments, 
` encode the variable (V) region of the 
molecule that recognizes antigen. Within 
the variable region are three regions of 
` hypervariability that form the -antigen- 
-binding pocket; it is in the gene segments 
© encoding this region, and particularly in 
the distribution of the hypervariability, 
therefore, that significant differences be- 











` tween immunogloblin and T-cell receptor | 


< genes might be expected. Although it is 
<- now clear that differences do exist, both in 
wd genomic organization andin the pattern of 
__ Sequence diversity of the V segments that 













hese differences signify. 


rominent is the concentration of diversi- 
tthe third brad ais ceo, which 


d data on the a-chain gene pool, described 
- in four recent papers in Nature’. While 
o the ees J oe are orga- 


< in man", _ widely dispersed over a region 
of the: genome whose full extent is still 


kes sense because regulatory: F 
| accident of evolution in a generally vola- 


The accident theory leaves rather a lot to 


variability in the third hypervariable re- 


eparate receptors, and that the | 
for MHC is different in cytotoxic 
id helper cells. The accumulated evi- 


encode the major portion of the variable 
egion, there is no consensus on what it is- 


Among the distinctive features of the 
: T-cell receptor V genes, the single most | 


eit the most recent | 


beans “and gare a ‘ails namber | 


VS AND VIEWS: 


-Is this really important, or is it just an | 





tile and duplication-prone gene family? 


be explained away. The -chain gene 
pool, for example, also allows for unusual 


gion, partly through the exceptional scope - 
it offers for combinatorial diversity (for 
details, see legend to Fig. 1). 

The other major distinction between 
the variable-region coding segments of im- 
munoglobulin and T-cell receptor genes 
lies in the pattern of germline diversity | 
of the V segments. It is broadly agreed” ™ 
that the V, segments are relatively few 
(perhaps 20) in ‘number and usually uni- 
que, whereas immunglobulin V segments 
may run to families 30—40 strong; and that 
the overall variability of the V, segments 
is significantly greater than that of im- 
munoglobulin V regions. It is also agreed 
on the basis of standard techniques for 
predicting secondary structure that the 8 
chains of the T-cell receptor fold in the 
same way as the immunoglobulin chains, 
though a minor squabble has arisen be- 
tween Hood's laboratory” and Davis’s” 
on the justification for the interesting sug- 
gestion of Patten etal.” that the additional 
variability of the V,sequences may pro- 
vide extra hypervariable binding sites, 
possibly for MHC molecules, on the ex- 
terior surface of the folded V region. 

Now that similar analyses have become 
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Fig. 1 Organization of the ates and T-cell receptor gene families. This scheme i is” 
based largely on mouse: the y-gene pool of man js larger (see text), as is the 4 light-chain 

immunoglobin-gene pool. The common feature. of all six gene pools is that they contain 
separate gene segments encoding the variable and constant regions of the antigen receptors of - 
lymphocytes (presumptively in the case of the y gene; see text). In the course of lymphocyte — 
ontogeny, one of the V segments is juxtaposed by chromosomal. rearrangement with one of the © 
J segments (and where applicable a D segment) to form a complete variable-region gene. Thus 


different variable regions are generated by com 


regions of hypervariability which are knownin the case of the immunoglobulins to contribute to 
the antigen-binding site in the folded molecule. A- third hypervariable. region, which also 
contributes to the antigen-binding site, is generated by the junction of the V segment with the J» 
or the D and J segments(s) at recombination. The variety of ways in which the segments are 


organized and the differences in the extent to w 


pools reflects an eventful evolutionary history under selective pressures that are relatively little 


understood. It is, however, striking that there is 


than in the immunoglobin-gene pools in the J segments. Moreover, in the case of the #-gene . 
pool they are so organized that they also allow more combinatorial diversity. The B-gene pool 
contains fewer J regions than the a-gene pool, though there are twice as many as in any of the 


immunoglobulin pools, but it has two distinctive 


tion during somatic rearrangement. First, the ‘rules’ for recombination (see refs 1 and 11) allow 
in principle the j joining of both D to D segments and V segments directly to J segments, neit : 
of which is possible in the immunoglobulin heavy-chain pool although it has both D and J 
segments. This versatility has not, however, been demonstrated in practice. What has een 
shown is that the D segments of the 8 genes can be read in any of the three possible reac 
frames, so that varying the site of the V--D juntion alone could make a substantial con rib 
| tothe diversity of the third hypervariable region. a 
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molecules; bu i I 
not a shred of eviden rrelati ing pa 
ticular -chain Vv regions with. differenti: 
recognition, either of different classes < 
MHC molecule or of different polymo 
phic variants of these two highly polymor- 
phic classes of glycoprotein. On the other 
hand, nobody seems to have a better idea 
about the significance of the differences 
between immunoglobulin and T-cell recep- 
tor genes (for instance, why the concen- 
tration on hypervariable region. three?), 
and more sequences seem unlikely to heip : 
to clarify the problem. : 

What we need, as Mark Davis pointed- 
out in Aspen, is direct data on antigen- 
binding by the different chains of the T- 
cell receptor: it is an interesting reflection: . 
on the inferential character of the research | 
that led to the isolation of the genes that- 

































































binatorial diversity. Each V segment has two - 


hich they are duplicated i in the different gene 


more germline diversity in the T-cell receptor _ 


features that allow for exceptional diversific 




























! gram n quantities of the cial pro- 
1s for use in binding studies — and in 
longer term for crystallography, which 
ower than sequencing but should even- 
lly spoil the fun by providing unambig- 
jus evidence on who binds what and 
vih which and to whom. 


yood theories and bad facts 
Iti is s partly the failure of the a- and f-chain 
genes to provide an obvious basis for dual 
recognition of foreign antigen and MHC 
that has stimulated the revival of two- 
receptor theories of antigen recognition 
by T cells. But perhaps a more powerful 
stimulus has been the surprise discovery 
last year in Susumu Tonegawa’s labor- 
atory at Massachusetts Institute of Tech- 
nology of a third gene, also closely related 
fo immunoglobulin, also assembled by 
-genomie rearrangement, and now known 
asthe y gene”, 

The y gene has been from the beginning 
a relentless tease. It was at first mistaken 
-for the a-chain gene, which was in fact 
isolated a few months later“. In the mean- 
time, it had already become clear that the 
absence of the expected potential glycosy- 
-Tation sites and the limited diversity of the 
< -y-gene made that identification unlikely. 
Further genomic analysis has not provided 
much clarification. The mouse y pool is 
- now known to contain three J and C seg- 
“ments, only one of each of which seems 
“ever to be transcribed in mature T cells”, 
“and it was at first thought to contain only 
one functional V segment. More recent 
evidence suggests, however, that there 
may be four functional V segments in 
~ mouse (D. Raulet and S. Tonegawa, per- 
< sonal communication) and there are cer- 
tainly between 6 and 12 in man ™™, though 
it is not known for either species how 
‘many are actually expressed. Indeed, 
strictly speaking it is not known whether 
the gene is ever expressed as protein at all: 
no y-gene product has yet been conclu- 
sively identified (hence the careful avoid- 
ance.of all mention of y chains). 
Even assuming that the newly discov- 
dv segments are expressed, germline 
ersity remains very limited and the only 
rce of somatic diversification is some 
iation in the site of the V—J join. (T- 
receptor genes, including y and unlike 
munoglobulin: genes, do not seem to 
TgO sot natie. poini mütation.) Given 
oncer rof iversity-generating 
join in the a- and 
ybe significant; but 
oO. imagine that 
could be large 
ant part in antigen 




























e y-gene eperto 
t nough to play a signifi 
recognition. 7 

< For other clues to the functional signifi- 
cance of this unlooked-for gene, Ton- 
_ egawa has turned to the pattern of its ex- 
- pression during the differentiation of T 
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Ontogeny of natural killing 
Ik THE analysis of a- and f-chain gene 
expression has failed to cast any light on 
| the distinctive requirements of antigen 
| recognition by helper and cytotoxic T-cell 
subsets, it has succeeded in casting con- 
siderable doubt on the authenticity of 
specific antigen recognition by natural 
killer (NK) cells. The NK cells, though 
they do bear some distinctive surface 
markers of their own, are defined chiefly 
by default: they will kill a wide variety of 
target cells without prior immunization 
or specific MHC associations, and they 
lack most of the surface markers of the 
T-cell lineage. Their claim on serious 
attention lies in their having been 
implicated in immune surveillance 
against cancer, though the statistics on 
cancer mortality are scarcely a testament 
to their efficacy. Some have held that 
they are a subset of T cells, others that 
they belong instead to the macrophage- 
monocyte lineage. 

A careful analysis of T-cell receptor 
gene expression in parallel with physiol- 
ogical studies on NK cells has now con- 
firmed their membership of the T-cell 
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Fig.2 Ontogeny of T lymphocytes showing 
cell-surface markers and transcriptional 
activation of T-cell receptor genes and the a 
gene. The symbols inside the cells indicate 
transcriptional activation of a, 8 and y genes. 
The arrows between the stages of maturation 
are drawn with dotted lines because none of 
these paths of differentiation is yet formally 
documented. A further possibility, not illus- 
trated, is that stage I cells differentiate direct- 


stage I surface phenotype; whether they rep- 


not certain. For simplicity, T4 is shown on the 
helper cell and T8 on the cytotoxic cell, 
though in very rare cases T4 may be expressed 
on cytotoxic cells or T8 on helpers. In these 
cases, the cytotoxic cells recognize class H 
MHC molecules instead of class I and the 
helpers recognize class I instead of class H. 
Thus, strictly speaking, the expression of T4 
| and TS is associated with differential recogni- 
tion of MHC and not always with a particular 
lymphocyte subset. 
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lymphocytes in the thymus. The y gene is | 


rearranged and transcribed very early in 
thymic ontogeny, before the 6-chain gene” 


and well before the a-chain gene, which is | 


the last to be rearranged”. After T-cell 


3 assuming functions. The first to be ex- 


ly into stage IH cells. NK cells express the 


resent a separate sub-lineage of stage I cells is- 






ibility asa legitimate” T-cell subset. 

The normal course of T-cell ontogeny 
is illustrated in Fig. 2, which shows the 
changes in the expression of a series of 
molecules first known merely as cell- 
surface markers and now gradually 
















































pressed is T11, which helps to define | 
stage I thymocytes and has recently been | 
implicated” in the triggering of early pro- |- 
liferation and the induction of receptors | - 
for interleukin 2, the growth factor that |. 
mediates the further expansion of the |- 
thymocyte population. Stage Il is marked |. 
by the expression pf T4 and T8 together, | 
and the rearrangement and transcrip- 
tional activation of the T-cell receptor B | 
genes. With further maturation, the cells ||. 
lose either T4 or T8 and the a-chain genes. 
are activated. This leads for the first time - 
to the expression of the T-cell receptor _ 
heterodimer on the cell surface in associa- |- 
tion with the T3 complex. The mature 
stage III T cells can now be activated by 
the binding of antigen to the receptor- 
T3 complex. 

How do NK cells fit into this picture? 
Nearly all of them, like T-cells, express 
TI; unlike T-cells, they do not express 
T4 and most of them do not express T8 or 
T3. Ritz et al. have separately examined 
T3-positive and T3-negative cell lines and 
find that only the former express recep- 
tor heterodimers on their surface”. (This 
is consistent with the recent evidence that 
T3 cannot be expressed without the re- 
ceptor chains, nor the receptor without 
T3?'”*, The receptor-positive cells, 
however, represent only something like 5 
per cent of NK cells: in the rest, although 
the f#-chain genes are rearranged and 
transcribed”, they give rise only to trun- 
cated RNA that cannot participate in the 
formation of a functional receptor. This. 
discovery lethally challenges earlier 
claims”, based solely on gene rearrange- | 
ment, for the participation of T-cell | 
receptors in the recognition of antigen 
by NK cells. 

Nonspecific cytolysis can, however, be}. 
induced in cytotoxic T cells and in NK | - 
cells by antibodies directed against T11". | 
Assuming that the T3-positive ‘NK’ cells | 
can n be Panes effecti aos as T cells th: ti 
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: récépto’) teories of antigen recognition by 
= T-cells, one published by Pernis and 
2 Axel cand the other by Raulet ef al” 
. aborated by Tonegawa at Aspen. 
Teston the premise that the y gene 
san important part in the recognition of 
I MHC molecules by cytotoxic T lym- 

cytes, and attempt to explain self toler- 
“ance (mature T lymphocytes fail to respond 
-to cells bearing ‘self MHC molecules on 









_ their own) as well as MHC restriction (they _ 


attack and kill cells bearing a combina- 
f self MHC and foreign antigen). 
fonegawa proposes that the y chain is 
_ associated early in ontogeny with the 8 chain 
give binding to self MHC, inducing cell 
proliferation and thus selection for self reac- 
ivity; later in ontogeny he envisages the 
--'y=B dimer giving way to an a—B dimer with 
- a much weaker affinity for self MHC, so that 
effective binding can occur only with the 
i: addition of antigen. 
~The Pernis~Axel theory is an ingenious 
“elion at explaining not only self tolerance 
-and MHC restriction but alloreactivity as 
- well (T cells will recognize and kill cells bear- 
-ing non-self MHC). They posit a tetramer 
composed of two f chains each associated 
with either a y chain, to produce self 
“recognition, or an a chain, to produce 
an antigen binding site; a rarer and 
-more doubtful association of the y and a 
_ chains is supposed to underlie alloreactivity 
in what, by imaginative use of arithmetic, 
_the authors describe as a one-and-a-half- 
; teceptor theory of T-cell recognition. 
_.. Anuntésted prediction of both theories 
; is the existence of a fourth gene expressed 
only in T-helper cells and acting as the 
_ equivalent of the y gene in the recognition 
of class Il MHC molecules. But how well 
` does either theory stand up to the avail- 
-able evidence on the molecular basis of 
“antigen recognition by T cells? The phe- 
“nomena the two theories were devised to 











- explain are among the most important and | 
> problematic in cellular immunology, and 


they gene is undoubtedly the outstanding 
-puzzle of molecular immunology, so it is 
“worth pausing to consider whether each 
-can really help resolve the other. 

-Jt remains debatable, for example, 


. whether the limited diversity of the y gene 
: would be sufficient to allow the binding of | 


~ the entire range of class I MHC molecules, 


_ which are the most polymorphic known to 


protein chemistry. The expression of y 
transcripts at very high levels early in the 
ontogeny of the thymus is very striking, 
and a y-B heterodimer as proposed by 
Tonegawa is not ruled out, though such 
evidence as there is suggests that 8 chains 
do not emerge at the cell surface until 
relatively late, when they are coordinately 
expressed with a chains and the universal 
T-cell marker T3”””, which is now known 
>to be essential for the activation of T cells 
_ by antigen binding (see Fig. 2, in box). 
There is, however, compelling evidence 










against the Pernis-Axel theory, which 


juires an association between y and B 
ns for antigen recognition on mature 





-NEWS ANDVIEWS 
T cells. Yagüe et al. in the Kappler- 
Marrack laboratory have investigated a 
and ĝ gene-loss mutants of three indepen- 
dent T hybridomas, all recognizing the 
same combination of foreign antigen and 
MHC. The V segments. and probably the 
J segments. of both the a and the p genes 
of the three hybridomas are identical. The 
loss of either the a or £ gene results in loss. 
of recognition; fusion of an a loss mutant 
with a 8 loss mutant restores recognition. 
Thus the a and $ chains of the hetero- 
dimer seem to be both necessary and suf- 


ficient for dual recognition of MHC and | 


foreign antigen. 
If the y gene does not encode a part of 


the antigen receptor — and assuming that | 
it isin fact expressed on the cell surface — | 
recognition. On the other hand, the: 


what part might it be playing in the 
ontogeny of T cells? The prevailing view 
at Aspen was that the answer probably lies 
in a consideration of the much broader 
context of T-cell surface molecules that 


share their ancestry with immunoglob- | 


ulin. The full extent of this family of 
molecules’, whose growth has been 
charted at intervals in Nature by Alan 
Williams”, has only recently begun to 
emerge from the sequences of genes en- 
coding the surface molecules originally 
defined by monoclonal antibodies as dif- 
ferentiation markers of T cells: and it is 
especially relevant that two in particular, 
T8 (or CD8)* and T4 (CD4)”, are now 
also known to belong to it. These two mol- 
ecules are expressed respectively on 
lymphocytes recognizing class I and class 
H MHC molecules and are strongly im- 
plicated in precisely the kind of role 
imagined for the putative y chain. Anti- 
bodies against T8 block cytotoxic re- 
sponses, and those against T4 block T-cell 
help; accordingly it has been suggested 
that they contribute to the binding of anti- 
gen by T cells by recognizing the non- 
polymorphic determinant on the class I 
and class If MHC molecules. Some such 
role as an accessory recognition molecule 
is generally deemed plausible for the y- 


gene product (assuming, again, that there 


is one). This would, however, make the 


y chain the only known non-antigen- 


receptor molecule to be encoded by a gene 
that undergoes somatic rearrangement. 

Moreover, it is unsettling that such 
molecular biology as has been brought to 
bear on the issue of accessory recognition 


molecules so far has succeeded in under- 


mining somewhat the attractive schema I 
have just outlined. Golding et al. have 
transfected cells with a class I] gene from 
which the exons encoding the non- 


Corrigendum 





In the article “Bridging the junctional gap” by 


Harry Goodall (Nature, 26 September, page 
286), it was implied that the gap junction stu- 
dies of N. B. Gilula and A. E. Warner used 
antibodies raised against junctional membrane 


| preparations. In fact, their studies were con- 
ducted with antibodies raised against a 27K 
protein that was eluted electrophoretically. 


from such preparations. 





molecule will still recognize the truncat 


Golding et al. have also shown that re 


explain if it is the conserved 


polymorphic domains have bea 
moved. If the binding of these domai 
T8 reinforces the specific binding of 
polymorphic determinants by the T- 
receptor, then this operation might be : 
pected to abrogate specific recognitio 
But it does not: alloreactive T cells raised 
against cells bearing the intact class 

















































one on the transfected cells. This cou 
merely mean that T8 is not always ne 
sary for recognition and binding; howe 





nition of such cells is blocked by 
bodies to T8, and this is very hard 





polymorphic determinants of the cla i 
molecules that are involved in accesso 








portance of T8 is clearly affirmed by these 
experiments and it remains possible that 
the interaction is with non-polymorphic 
portions of the polymophic domains. >- 

Thus while the immunoglobulin family 
of lymphocyte surface molecules has 
clearly evolved for specialized inter- 
actions in cell-cell recognition, the mol- 
ecular characterization of its various. 
branches has so far failed to reveal exactly | 
what those interactions are. 2 

It is progress of a sort to learn how 
recognition. of antigen by T cells is not: 
mediated; next year perhaps the availabil- . 
ity of cloned genes for all the known and 
putative recognition structures and the- 
technology for transfecting cells with them © 
will begin to offer some insight into how it . 
is mediated. ar 
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Stefan Marinov 
and “friends” 


in~-The article’ “Stefan Marinov wins 
friends” oversimplifies the circumstances 
in. which it would be possible to test the 
gossibility of weak failures of Einstein's 
special theory of relativity. We wish to call 
attention to a few conceptual points and to 
clear up the relationship between our pap- 
er and those of Marinov, whose experi- 
ments we do not endorse. 
© in our paper’, besides the absolute 
coordinates in the preferred system and 
tein coordinates (this is not relativ- 
jin the moving system, we also used 
ie co-moving coordinates in the so- 
led’ “new system”, which differ from 
stein’s coordinates by a Lorentz trans- 
‘mation of the absolute coordinates. 
I would like to make these points; 
@We postulate. (it does not “emerge”) that 
rotating bodies in the moving frame re- 
main rigid in the new system, thus they are 
not rigid, either in Einstein’s co-moving 
‘coordinates orin the preferred coordinate 
frame (postulate A). 
©The isotropy of the velocity of light is 
sacrificed in the new system but is pre- 
served in Einstein's coordinates (used 
throughout in our paper because of our 
conviction that most, if not all, of physics 
‘is Lorentz invariant). The anisotropy of 
light in the new system is a coordinate 
effect, and coordinates are only labels, not 
“physics”. 
We postulate that the angular velocities 
of the points of freely rotating bodies, at 
rest in the moving frame, are constant in 
the new system, so that they are not con- 
stant either in the preferred system or in 
Einstein's coordinates (postulate B). 
#We do not propose tests of the modified 
transformations (the “new system”) but of 
postulates A and B. 
-On the Marinov i issue, ‘I wish to state in 
riendly spirit that my interest in possible 
veak violations of special relativity was 
sused at the beginning of 1980 by the 
aoe of Marinov’s controversial pap- 
. The ideas which lead to Marinov’s 
5 eriments do not conflict with previous 
perimental ‘results. He described a 
ssible violation of special relativity 
ch seems not o have been considered 
t; that. a and tod with a tran- 









) contrary to the predictions of a 
wy: „Then, At. od be counter- 


aici icitly postulating 
at the rotatin y axle provides. a non- 
isteinian clock synchronization proce- 
re which is found to give the absolute 
ime in the new system. Einstein synchro- 
nization, using a light pulse, gives Einstein 
time. Then, contrary to Marinov (who 
wanted to overthrow special relativity) it 





















seemed tome aaie in 1980 that one) 


way of introducing weak violations of spe- 


cial relativity, and of providing for non- | 


relativistic sychronizations, would be to 
assume postulates A and B, in which case 
the best coordinate system to use would be 
Einstein's. 

Although Marinov claims that his ex- 


- periments confirm his postulate, Lam con- 


vinced that, when repeated independent- 
ly. they will not reproduce his results. 
There are a number of contradictions in 
his two papers. Thus the “coupled mirrors 
experiment” (to which we referred, not 
the coupled shutters) is in contradiction 
with the Fresnel-Newton ether theory 
which Marinov claims to be using. I shall 
analyse these experiments in a forthcom- 
ing paper and propose modifications in 
them so that they can really test Marinov’s 
postulate. JAYME TIOMNO 
Centro Brasileiro de : 

Pesquisas Fisicas —~ CNPq, 
Rio de Janeiro, Brazil 


1. Maddox, J. Nature 346, 209 (1985). 
2. Maciel. ALK. & Tiomno. J. Phys. Rev, Lert. 58, 143 (1985). 


Another novel effect in 
classical electrostatics 


Sirn—Recent correspondence in these 
pages has been concerned with an unex- 
pected result for the minimum energy con- 
figuration of a system of equal point 
charges placed inside a circle. A distinct, 
but in some ways related, novel result 1s 
concerned with the existence of a bound 
system of positive and negative charges. 
Thus, consider a single positive point 
charge fixed at the centre of a circle and 
equal negative point charges (in general, 
different in magnitude from that of the 
positive charge) constrained to remain in 
the region outside the circle. Negative 
charges will be attracted by the positive 
charge to the circumference of the circle 
and if there are N such charges their 
mutual repulsion will ensure that they are 
equally spaced around the circumference. 
In this case, what is the maximum number 
of negative charges that can be electroni- 
cally bound to the circumference by the 
single positive charge at the centre; that is, 
what is the number of negative charges 
that ‘saturate’ the attractive effect of the 
positive charge, and what will be the net 
charge of such a ‘saturated’ system? In- 
tuitively one might suppose the number 
required to ‘saturate’ is the minimum 
number to render the net charge on the 
system non-positive. However, we shall 
see that in general this is not so. 

We suppose the negative charges each 
to have magnitude g times that of the posi- 
tive charge, and simple energy considera- 
tions then show that the maximum value 
of q for given N is. 

qu(N) = [g(N) - g(N-1)]" 


Now 


where g(N) = (N/4) È cosec(pa/N). 
os pal 


OX 


neutral are those for which g 
of q it is always” positive. One ‘wonders: 


D.R. Simpson for assistance with: lamer: i 


Tf we consider the situation where the 
maximum number of bound negative 
charges is N, then the maximum and mini- 
mum net charge on such a ‘saturated’ sys- 
tem for varying q will be, respectively, 
and X, times: the. poe Cake 


dia 





MAK 


where 


Xa NSI -Nq,(N +), 
X a N) = di 1~Nq,(N) 


These results are illustrated d by the follow- 





ing table, 
l o me 0008 
2 2.000 3. 000 20.623 | 
3 0.812 Toad Oe x eee -0.431 
4 0.477 -0.908 O30: 
5 0.327 -06T 0,225 
10 0.115 ~0,149 0005 - 
il 0.100 -0.105 +-0.021 
12 0.089 -0.068 +0.043 © 
13 0.080 ~O.037 +0.063. 
14 0.072 —().009 +0,081 
15 0.066 15 T3-07 


Thus for a given vate of q herd will be i 
a maximum value N (q) corresponding to 
P i, on q>> 1, Nq) = 1 and 

Xalq) = N,{q) is negative. As q 
decreases, z pai negative with |X | 
decreasing until q passes through the: 
value 2, when |X,| increases. discontin- 
uously from 1 to 3 corresponding to N,, 
changing to 2 at q = 2. For further de- 
crease in q, X, remains negative with 
monotonically decreasing magnitude until 
this magnitude undergoes a further dis- 
continuous increase at q = 0.812 as N, 
changes to 3. This pattern is then repeated 
continually as g decreases further. How- 
ever, when q has decreased to 1/11, N, = 
11 and X then becomes zero’ before be- 
coming positive for further decrease in qs 
followed by it becoming negative again as ; 


- N increases to 12. X. th 






tween negative: an ‘positive values, be- 
coming zero for q = 1/12, vB ang: 114 | 
(with corresponding N, = 12,13, 14). For 
q < 1/14, X,, remains positive, tending to 
the value of +1 asg->QandN >, 
We conclude therefore that in general 
‘saturation’ does not correspond to the 
intuitive idea mentioned at the end of the . 
first paragraph. In particular, the only 
‘saturated’ systems which are electrically 






N = 11, 12, 13, 14. Forla alues 
the ‘saturated’ system’ alway has : a net 
negative charge, while for smaller values... 






whether these ideas have application. to : 
any real physical system. l k 
I should like to express my thank: oMr 
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School of Mathematical Scitnices, 
Queen Mary College, ; 
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BOOK REVIEWS 


Matter of the fourth estate 


Henryk Eisenberg 





Polymers: The Origins and Growth of a Science. By Herbert Morawetz. 


Wiley: 1985. Pp.306. $47.50, £48.60. 





To THE three well-known states of matter 
— gaseous, liquid and solid — we may add 
a fourth, the polymeric, plastic or macro- 
molecular state. This is well exemplified 
by a toy-shop item known to all, bouncing 
putty, a silicone resin with unusual prop- 
erties. Left to itself on a smooth surface, it 
slowly flows like a high-viscosity liquid. 
Shaped into a sphere, in the palms of one’s 
hands, it bounces like rubber. Quickly 
stressed, it breaks like a solid. It thus 
incorporates unusual features, dependent 
on the scale of time. In the book under 
review, Herbert Morawetz refers to the 
phenomenon first reported by J. Gough in 
1805, that stretching a rubber band re- 
leases heat, rather than absorbing it, as 
would be expected from the usual mate- 
rials stabilized by strong interatomic and 
intermolecular forces. We now know that 
this effect is due to the alignment of 
macromolecules in the rubber upon 
stretching, the heat released deriving from 
the entropy decrease following reduction 
in the number of rubber chain configura- 
tions, 

Thirty years ago, excitement among 
polymer scientists was at a high, as is well 
documented in Morawetz’s book and in 
some recent recollections of Walter Stock- 
mayer and Bruno Zimm (A. Rev. phys. 
Chem. 35, 1-21; 1984). At that time 
“Geheimrat” Herman Mark, an active 
nonagenarian today, often came to our 
laboratory to demonstrate the latest 
practical and theoretical advances. A 
particularly striking example, relating the 
macromolecular to the macroscopic 
world, is demonstrated when a non- 
crosslinked polyvinyl alcohol fibre, to 
which a small one-gram weight is 
attached, is immersed in a glass cylinder of 
almost-boiling water. Polyvinyl alcohol is 
water soluble under these conditions, yet 
the small weight promotes chain crystalliz- 
ation and prevents dissolution. The 
instant the weight touches the bottom of 
the cylinder and the stress is relieved, the 
fibre magically disappears in solution. 

The property by which macromolecules 
are distinguished is the possession of long 
flexible backbones, generated by the addi- 
tion of bond after bond to, for example, a 
linear string of carbon atoms. Two out of 
the four carbon valencies remain free to 
be filled by hydrogen atoms or bulkier side 
groups. Chain flexibility and an abund- 
ance of chain configurations arise from 
rotation around the carbon-carbon bonds. 
Backbones and side groups, additionally 
or alternatively, may contain oxygen, 
nitrogen, sulphur, silicon or phosphorus 


atoms. Molecular configurations may be 
variable or lead to fixed conformations in 
space. Secondary, tertiary and quarter- 
nary structures may form and be stabilized 
by ionic or hydrophobic interactions, or 
by hydrogen bonds. A wealth of structural 
features emerge to be used by nature or 
man. 

Locomotion is a particular example in 
which man has followed a different path 
from nature. Man invented the wheel and 
all the noisy clanking machinery with 
which it is associated. Nature primarily 
uses sliding and silent macromolecular 
assemblies of changeable configuration to 
create exquisite mechano-chemical loco- 
motive devices. In such structures we see 
the properties of the macromolecular 
State of matter being applied to great 
advantage. 

In addition to their unusual structural 
and configurational features, macro- 
molecules possess the capacity of encod- 
ing information by the sequential arrange- 
ment of nucleotide bases (groupings of 
phosphate-sugar backbones to which one 
of four purine or pyrimidine bases are 
attached) along a DNA chain. These poly- 
nucleotide chains carry the sum total of 
the information required for the mainte- 
nance and propagation of the biological 
entity they represent. They are replicated, 
transcribed into RNA, processed and 
translated into proteins, which constitute 
the machinery to run this unique show. 

In the nineteenth century there were 
considerable advances in understanding 
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Polymers in history — Emperor Wilhelm of Germany 
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the chemistry of small and moderately 
sized molecules, and of harnessing their 
properties for practical use. As stressed by 
Morawetz in the early chapters of his 
book. the existence of macromolecules 
was then suspected but not fully recog- 
nized. Not until the 1940s was the resist- 
ance of the classical chemist overcome, 
and were macromolecules, as we under- 


stand them today, fully accepted. An era ~ 


of explosive increase in knowledge fol- 
lowed into the 1960s, and led to spectacu- 
lar advances in the understanding of the 
genesis, nature, behaviour and technol- 
ogy of large molecules. These are some of 
the topics covered by Morawetz. The bio- 
logical aspects of the subject are outlined 
but not treated in any detail. 

It is, however, perhaps too early to 
write an objective history of such a young 
science. All the giants who shaped it lived 
in our time and almost all were known to 
us personally. Hermann Staudinger suc- 
cessfully fought the battle for the recogni- 
tion of the macromolecular state. The 
Svedberg devised the ultracentrifuge to 


establish the molecular weight of proteins. — 


Wallace Hume Carothers invented nylon 
following his investigations into the struc- 
ture of polymers and their formation by 
polymerization. Werner Kuhn first calcu- 
lated macromolecular configurations and 
estimated the properties of solutions. 
Peter Debye provided a rational basis for 
the scattering of radiation. Paul Flory, 
whose recent and unexpected death came 
barely two months after we celebrated his 
seventy-fifth birthday this summer, had, 
by mid-century, provided basic answers or 
predictions for all aspects of chain config- 
uration, solution properties and poly- 
merization mechanisms (a striking con- 
firmation of the power of his intuition was 
the experimental demonstration many 
years later, by neutron scattering from 
melts containing polymers and their 
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(left, in the white coat) and his generals 


watching his car being fitted with the first synthetic rubber tyres in 1912. 


From Polymers: The Origins and Growth of a Science 








wie 





a 








ESS RIE ety ee 


































































mn of polymer chains in bulk is un- 
sturbed and Gaussian). Finally, Karl 
‘Ziegler and Giulio Natta, in the 1950s, 
dramatically introduced the new ionic and 
gordination polymerization procedures 
which led to novel and stereospecific 
polymers. 

Notwithstanding the broad significance 
‘polymers in both the life sciences and 
odern technology, and the intellectual 
allenge posed in the understanding of 
r structure, behaviour and function, 
ognition of polymer science as a dis- 
ict scientific discipline was only 
dgingly accorded. Morawetz’s book, 
which has the authority to be expected 
om a distinguished practitioner in the 
ald, appears at an appropriate time to set 


‘ead into LEED 





“Surface Crystallography: An Introduction 
to Low Energy Electron Diffraction. 
By L.J. Clarke. Wiley:1985. Pp.329. 
(£31.50, $49.95. 





_ The investigation of surface crystallogra- 
phy, particularly of semiconductor sur- 
- faces and adsorbed molecular species on 
_ transition metals, has a key part in surface 
science (aimed, in these examples, at 
-gaining a better understanding of semi- 
-conductor interfaces and of hetero- 
geneous catalysis). Despite its rather 
-general main title, Dr Clarke's book 1s 
-concerned almost exclusively with only 
“one of the techniques now used in this 
field, low energy electron diffraction 
(LEED). The increasingly important role 
-of several other approaches is given only a 
token airing in the final chapter. 

< Two previous books have been pub- 
ished on LEED since its development asa 
intitative technique in the 1970s, Low 
rgy Electron Diffraction by J.B. Pen- 
(Academic, 1974) and Surface Crystal- 
hy by LEED by M.A. Van Hove 
1S.Y. Tong (Springer-Verlag, 1979). 
h of them are very much concerned 
theory, and include computer codes 
1ultiple scattering calculations of dif- 
d intensities versus electron energy 
t eo structure deter- 



























10 readily ‘syailible) ae 
| pts to present a more general 
r üction to the subject. The author 
s been involved in both the collection of 
perimental data and the running of 
puter codes, a situation more typical 











heory was still developing. — 
S Generally, Dr Clarke does present a 
balanced view of theory and experiment, 





nierated M that the configura- 


surface crystallographers, 


w than it was ten years ago when the 





the recor straight But while. it will be ‘i 


considerable interest to specialists in poly- 
mer science (of which there are many), I 
doubt if this highly condensed account will 


_ appeal to a more general reader wishing to 


find out what is going on at the other end 
of the corridor, much less in the building 
across the road. 


In an all-too-short epilogue, Morawetz 


indicates that polymer science is alive and 
kicking. The theoretical emphasis is shift- 
ing to the condensed state, concentrated 
solutions and melts, and, on the practical 
side, there is out every-increasing ability 
to create a host of novel materials in the 
service of mankind. = 


yapimina eriten 


Henryk Eisenberg is Head of the Center for 
Structural Biology at the Weizmann Institute of 
Science, Rehovot 76 100, Israel. 


of physical principles and practicalities. 
The treatment is not always exhaustive 
and the author’s own interests sometimes 
intrude, but not unreasonably so. The 
book is not without its defects, however. 
At least one section of the audience to 
which it is directed, senior undergradu- 
ates, would appreciate a more ordered in- 
troduction to LEED in which more space 
is devoted to discussion of physical princi- 
ples. Formulae are sometimes quoted 
without justification when they could be 
derived or rationalized quite simply. The 
basic notation for overlayer surface 
meshes, introduced by Elizabeth Wood in 
1964 and in widespread use in surface 
science, is first used on p.14 but not ex- 
plained until p.50. Similarly, early refer- 
ences to the notion of a “coherence 
length” in electron diffraction are only 
explained much later, and even then the 
author fails to clarify the essential error 
implied by the use of this terminology. 
One further and especially unfortunate 
example of lack of attention to detail 
appears on the first page of the book. The 
pioneering LEED experiment of Davis- 
son and Germer, which won them the 


Nobel Prize, was reported in 1927 in a 


paper where the authors clearly described 
the way in which they were led to investi- 
gate electron diffraction as a result of an 
accident which occurred while studying 
electron scattering. The story is a fascinat- 
ing one, especially for students, and it is a 
pity that Dr Clarke incorrectly identifies 
the accident and the route of Davisson and 
Germer’s discovery of the experimental 
evidence for the wave nature of electrons. 
He also promises, but fails to provide, a 
reference to a bibliography of this early 
work. 

Nevertheless the book will prove valu- 
able to both experienced and would-be 
who should 
read beyond this introduction but will find 
that it otherwise provides helpful back- 


ground material. i CJ 
a ead ee 


D.P. Woodruff is Senior Lecturer in the Depart- 
ment of Physics, University of Warwick, Coven- 
try CV4 7AL, UK. 








Collaboration in the 
revolution 
Andrew McMichael 





Histocompatibility Testing 1984. Edited 
by E. D. Albert, M. P. Baur and W. R. 





Mayr. Springer-Verlag: 1985. Pp.764. 
DM 340, $98. 
THe international histocompatibility 


workshops, initiated over 20 years ago, 

are among the best examples of large- 
scale international scientific collabora- 
tion; for instance, it is unlikely that the ~ 
serological complexity of the highly poly- 
morphic HLA system could have been 
unravelled by now without such organized 
co-operation. Until the ninth workshop, 

reported in this volume, serology ruled 
(although cellular typing techniques made. 
an important impact at the sixth meeting 
in 1975), and alloantisera, obtained by 
natural immunization during pregnancy, 
have been used in microcytotoxicity 
assays to define the A,B and C antigens of 
HLA Class I and the subsets of HLA Class 
II. This report, however, portends the 
revolution — monoclonal antibodies, 
two-dimensional gels and Southern blots 
feature alongside the customary two-by- 
two tables and correlation and frequency 
tables. 

A prime function of the book, con- 
tinuing the role of its predecessors, is to 
serve as the dictionary of HLA serology. 
This is achieved in a series of brief and 
lucid joint reports describing, in turn, 
each HLA antigen. Cytotoxic monoclonal 
antibodies now have an important role, 
and their present and future contribution 
is clearly assessed in a review by Julia 
Bodmer. 

The pilot collaborative study on the use 
of two-dimensional gels to analyse HLA 
Class HI antigens, precipitated with 
monoclonal antibodies, was surprisingly 
unsuccessful. There was unexpected 
heterogeneity in the results from different 





Autumn books 


The Autumn books review supplement will 
appear in two weeks time, in the 14 November 
issue of Nature. 

The books to be reviewed include The Back- 
ground of Ecology, The Cosmological Distance 
Ladder, The Dialectical Biologist, Mathematic- 
al People, Vaulting Ambition: Sociobiology and ~ 
the Quest for Human Nature, Seven Clues to the > 
Origin of Life, The Joy of Science and oe 4 
try in America, 1876 — 1976. E 


Textbooks 


Nature's annual textbook review supplement — 
(which in 1985 covered over 100 books for 
undergraduates and college students) will next 
year appear on 27 February. Publishers on both 
sides of the Atlantic are invited to send review 
copies of texts published during 1985 to the 
book review editor in the London office. 





researchers due to many small differences 


_in technique. The value of the method. 
however. is demonstrated unequivocally 
in reports from individual laboratories 
where it is shown to be capable of identify- 
-> ing the polymorphisms and splitting the 
> Class H antigens into subsets. Useful les- 


E3 ‘sons for the future were learned from the | 
“experience and are spelled out in the joint 


report by M, J. Crumpton etal. 

_ Work on cellular typing techniques also 
demonstrated their value. It is clear that 
e splits of Class I (and Class I) antigens 






molecular basis, indicated here by indi- 
vidual reports comparing HLA Class I] 


"antigens seen with two-dimensional gel 


u analyses and DNA restriction fragment 
_ length polymorphisms (RF LP). Although 


no joint analysis was made of Southern 


blots, individual reports explored -the 
.- potential of the technique. At the time of 
the meeting (early summer 1984) the re- 
< sults were still relatively. preliminary, but 
_ itis evident that a new dimension has been 
added to research in this area. These data 
are eminently suitable for the type of col- 
laborative experimentand analysis at 
which the workshops excel, and no doubt 
will feature prominently in the future. 
- One might ask where this mass of in- 
formation is leading.. Successful organ 
transplantation was the original aim, and 


it may become feasible to match genes. 


-= (and flanking DNA) between donors and 
< recipients. However the extreme. poly- 
~ morphism makes this intention unrealistic 
- In’ most cases and one will then have to 
compromise: with the best fit. Serological 


- matching of HLA antigens is thus likely to | 


remain the most valuable method of tissue 
typing... However, matching for: trans- 


<: plantation, which is reviewed in detail in- 


~ this volume, is not the end of HLA. The 


disease associations remain unexplained | 


and this enigma clearly drives much of the 
research effort. The search is now on for 


_ disease susceptibility genes in linkage dis- 
_ equilibrium with the serologically defined 


_ HLA antigens and for disease-specific 


variants of known HLA antigens. This de- 
tailed genetic information should give in- 
sight into. many, if not all, of the disease. 
associations. Again, this type of study will 
form a major part of the next HLA work- 


shop. This is now at the planning stage, 


and it is clear that there will be a greater | 
emphasis on biochemical and DNA tech- | 


nology. — sé | 
_ This book is an essential reference 
volume for all those interested in any 


aspect of HLA. It is full of detail but also 


included are helpful summaries in the 
form of figures, tables and reviews. The 
editors deserve our thanks not only for 
organizing this huge experimental under- 
taking but also for producing such a useful 
report. | g 


Andrew McMichael 
“Nuffield Department of Clinical Medicine, 
iffe Hospital, Headington, Oxford 
IK. | 














defined by T cells are real and have a | 


is a Professor in the 





Towards a new phase 


in the cell cycle 


Paul Nurse 





The Biology of Cell Reproduction. By 
Renato Baserga. Harvard University | 


Press: 1985. Pp.251. $23.50, £19.95. 





portant areas of cell biology. research into 


the mitotic cell cycle is entering an exciting 


new phase. The techniques of molecular 


biology and genetics are now being used to 
supplement more classical approaches 
and are providing real insight into how the. 


cell cycle may be controlled. Renato 
Baserga’s timely book is concerned with 
this question and with explaining the fun- 
damentals of the cell cycle to molecular 
biologists, and recent molecular advances 
to cell biologists. — 

Baserga has succeeded well in meeting 


_ these objectives. The book provides a suc- 


cinct general introduction to animal cell 
reproduction and to the possible controll- 
ing roles of growth factors, oncogenes and 
cell cycle. genes. It is particularly good 
when dealing with the effects of viruses on 
the cell cycle and with the relationship of 


‘the cell cycle to cell population and tissue 
_ growth, strengths which probably reflect 


the author's background as a pathologist. 
The level of treatment of the subject mat- 
ter is generally very even; little previous 


‘knowledge is assumed and the reader is 
: taken to the point where the more special- 


ist literature can be tackled. This, together 


with the informal, anecdotal style of 


writing; make the book easy to read 





Going to work on... 
oogenesis | 


Tim Hunt | 





Oogenesis. Developmental Biology: A 
Comprehensive Synthesis, Vol. 1. Edited 
by Leon W. Browder. Plenum: 1985. li 


_ Pp.632. $75, £71.25. 





We ALL Started life as eggs, yet the num- 
ber of books about oogenesis — how the 


egg comes to be — is very small. To my 


knowledge, Oogenesis is only the third 


` monograph to be devoted exclusively to 


the subject since 1961. 

This is surprising. A tremendous 
amount of work is done on eggs. Howev- 
er, many more people follow the egg as it 


develops after fertilization than study its | 
development before fertilization. Not | 


only is the former generally more exciting 


but oogenesis is really quite difficult to | 
study. Still, the events that occur in early | 
embryogenesis demand a knowledge of | 
| what went before. In many cases, the 





and Xenopus, and discussion of the 
| could have provided a useful framewo 
LonG recognized as one of the most im- | ik nk 
_ complex situation in mammalian cell 


tical and conceptual aspects of the pro 


embryonic axes and parts of the embryo- 
to-be are already laid down by the time of 
fertilization. Moreover, eggs viewed- 
- simply as cells are extremely interesting. — 
| Recombination. and meiosis occur in- 


paradox — they are highly specialized for — 
rapid cell division after fertilization, but 
| paradox is achieved, and what stops prem- 
ature cleavage is a very topical concern. 


embryo alive after the egg has been laid 





| and 10; and sea urchins are. discus 














































and suitable for advanced students 

The author has decided to res 
material almost entirely to mam 
cells “to keep the book within rea 
limits”. Although this limitatio 
indeed bring a sharp focus to the boo 
does have its drawbacks. Studies. of 
cell cycle and its control are well advance 
in organisms such as the yeasts, Physar 


for understanding the undoubtedly mo 


lem to be rather, limited. Ideas such 
“commitment” or the notion of rat 
limiting steps in cell cycle control are no 
fully considered, nor are the various- 
possibilities for temporal order such as. 
transition probability models, limit cycle 
oscillators or dependency relations. — <- 
Further, surprisingly little attention is- 
given to the two major processes of the 
cell cycle, S-phase and mitosis. Quite © 
often books on the cell cycle give short 
shrift to these events, usually referring the — 
reader to a more general textbook. This is 
an unfortunate practice; when trying to: 
understand overall cell cycle control, it is 
important to know the nature of the pro- 
cesses which are controlled as well as. 
being conceptually clear as to what the : 
controls are. Baserga does not quite getto 
grips with these matters, but his book 
should still be read for its sensible account 
of the biology of animal cell reproduction 
and for its up-to-date summary of molecu- 
lar changes during the cell cycle. Ey 
Paul Nurse is at the Imperial Cancer Research 


Fund Laboratories, PO Box 123, Lincoln's Inn 
Fields, London WC2A 3PX, UK. l 


them, and they also exhibit a tantalizing © 


they cannot (and must not) divide before 
the sperm arrives. How the solution to this 


Even the simple matter of keeping the 


presents physiological problems which in 
different animals are solved in different 
and unusual ways. . . | 


Thus a new book devoted to the subject 
is to be welcomed, and warmly so, for itis 
a well-produced and useful volume. Its 13. 
chapters cover a wide and fairly repre- 
sentative set of topics, from yolk to shell at. 
the beginning and from genes to proteins: 
at the end. For the most part the organiza- ` 
tion is phylogenetic: Chapters 1,3.and 5 ~ 
mainly deal with vertebrates, and 2, 8 and- 


13 with insects; frogs are the subject of 6,9. 
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Chapter 12. There are over 90 pages of 
references, running up to 1983 which is 
about the norm given the production 
schedule for a book of this sort. 

The claim to comprehensiveness, €x- 

in the subtitle of the series, seems 
to be justified as far as the chosen topics 
are concerned, but the editor Dr Leon 
Browder admits that some areas have had 
to be left out because of the “open-ended 
nature of the topics”. Thus while there is a 
rather heavy emphasis on yolk and shell — 
interesting stuff, as it turns out, with an 
especially good chapter by R. Wallace — 
there is nothing on egg polarity, on 
embryonic determinants (except insofar 
as the last chapter, “Genetics” , touches on 
this issue) or on meiosis, kinetochores or 
the synaptonemal complex. Given these 
omissions, it is odd to find a whole chapter 
devoted to annulate lamellae, one of the 
last cytoplasmic organelles whose role is 
still uncertain. 

The chapters on the control of gene 
activity are pretty dry reading, with the 
stress more on the “comprehensive” in the 
series title than the “synthesis”. The RNA 
found in oocytes still seems to be poorly 
understood despite much detailed study; 
and lampbrush chromosomes are 
apparently as mysterious as ever. A chap- 
ter devoted to ribosomes would have been 
at least as appropriate as the one on annu- 
late lamellae. There is, however, a very 
clear account of 5S RNA synthesis in frog 
oocytes by A. Kramer (though it does 
seem odd that it wasn’t written by D. 
Brown or Kramer's ex-colleague, R. 
Roeder). And while J.B. Gordon doesn’t 
actually work on oogenesis as such, he and 
his colleagues’ work on the stage 6 Xeno- 
pus oocyte has been so copious and in- 
fluential that the absence of a contribution 
from him or any of his associates struck me 
as slightly strange. It is also a pity that 
several other well-known authorities in 
the field had already contributed to Vol. 1 
of the new edition of Metz and Monroy’s 
Biology of Fertilization (Academic Press, 
1985). 

This collection is more coherent than 
many other examples of the multi-author 
genre of book (eggs is eggs, after all), but 
an introductory overview would have 
been helpful. The nearest thing is A.W. 
Schuetz’s long opening chapter entitled 
“Control Mechanisms of Oogenesis and 
Folliculogenesis” which has some good 
things in it especially towards the end. But 
I was lost all too often in this essay, as 
starfish, mice, pigs, frogs and fish flashed 
briefly by. Schuetz’s opening sentence, 
which begins the book, is also faintly wor- 
rying: “In most animal species a single 
cell, the female gamete, is the primary or 
only cellular link between the present and 
successive generations”. Are there really 
animals that don’t have eggs? o 





Tim Hunt is a Lecturer in the Department of 
Biochemistry, University of Cambridge, Tennis 
Court Road, Cambridge CB2 1QW, UK. 
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In the past climate 
John Birks 





Quaternary Paleoclimatology: Methods of 
Paleoclimatic Reconstruction. By R. S. 
Bradley. George Allen & Unwin:1985. 
Pp.472. Hbk £30, $50; pbk £13.95, $24.95. 
Paleoclimate Analysis and Modeling. 
Edited by Alan D. Hecht. Wiley:/985. 
Pp.445, £63.25, $66.45. 





IAN Ball (Systematic Zoology 24, 407; 
1975) has suggested that many sciences 
develop in three stages: from (i) a de- 
scriptive phase when patterns are detected 
and described, through (ii) a narrative 
phase when inductively based explana- 
tions are proposed for the observed pat- 
terns, to (iii) an analytical phase, with a 
hypothetico-deductive basis, in which 
competing hypotheses about underlying 
processes are tested. Quaternary palaeo- 
climatology is in transition from a nar- 
rative to an analytical phase, and is thus 
acquiring what Popper terms “scientific 
maturity”. 

In the past 20 years, there have been 
enormous advances in the subject, rang- 
ing across a number of areas of research — 
analysis of ice-cores, marine sediments, 
and lake and bog sediments; stable- 
isotope stratigraphy; tree-ring analysis; 
studies of lake-level and other geological 
features; and the compilation of historical 
and documentary evidence. In his book, 
Bradley provides readable and critical re- 
views of all these topics at a level suitable 
for undergraduates and research students. 
He also gives an excellent overview of 
dating techniques for the Quaternary, the 
basic requirement for any reliable correla- 
tion of past climatic events. 

The emphasis throughout is on recon- 
struction and hence on the descriptive and 
narrative aspects. There is little on the use 
of palaeoclimatic reconstructions to test 
hypotheses about causes of climatic 


Drawing by John Walcott 
(1754/55—1831) of the 

rook, together with an 
outsize representation of 
the “pernicious grub” on 
which it feeds (to the overall 
benefit of farmers, 
according to Walcott). The 
illustration is taken from 
Bird Etchings: The 
Illustrators and Their 
Books, 1655-1855, by 
Christine E. Jackson, which 
includes biographies of 
sixteen amateur naturalists 
together with full-page 
examples of their work in 
both colour and black-and- 
white. Publisher is Cornell 
University Press, price is 
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change, for example by providing input 
parameters for simulations of climatic pat- 
terns by global circulation models. Brad- 
ley has thus taken a geological rather than 
a climatological approach, and so discus- 
sion of some of the very recent trends in 
palaeoclimatic research is absent. Indeed 
the author himself comments that the sub- 
ject is so huge that “a book purporting to 
survey the field would have been better 
written by a team of specialists” (p. ix). 

This is exactly what is to found in 
Paleoclimate Analysis and Modeling, in 
which Hecht has brought together nine 
contributions by 14 leading authorities. 
Here is a truly exciting overview, not only 
of descriptive and narrative palaeoclima- 
tology but also of the new developments 
in analytical palaeoclimatology involving 
computer modelling and rigorous testing 
of hypotheses about causes of long-term 
climatic change. The contributions are all 
excellent, and outline relevant methodo- 
logies, available databases, and recent ap- 
plications and reconstructions. They show 
with great clarity how biostratigraphy and 
geological evidence can provide the much- 
needed historical perspective that allows 
us to appreciate the magnitude of past 
climatic events in both time and space, 
and to understand the mechanisms of 
long-term changes in the past. The 
emphasis is very much on current re- 
search, particularly in the United States. 
This is an advanced book, and as such will 
be an invaluable source for all Quaternary 
scientists. 

We can fully expect that future work in 
Quaternary palaeoclimatology will be as 
fruitful as that of recent years. These two 
books will, in their different ways, stimu- 
late and attract students and researchers 
to the subject, and hence contribute furth- 
er to the solution of what John Imbrie and 
Katherine Imbrie have called “the mys- 
tery of the ice ages”. o 





John Birks is in the Botanical Institute, Univer- 
sity of Bergen, PO Box 12, N-5014 Bergen, 
Norway. 
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The secular variation of Earth’s magnetic field 
Jeremy Bloxham’ & David Gubbins 


Bullard Laboratories, University of Cambridge, Madingley Road, Cambridge CB3 0EZ, UK 





Models of the magnetic field at the core-mantle boundary at selected epochs from 1715.0 to 1980.0 reveal novel features 
in the field at the core. These suggest that the flow of core fluid is coupled to the mantle, and that magnetic diffusion is 


significant. 





THE Earth’s magnetic field varies on timescales ranging from 
seconds to millions of years. The variations on timescales shorter 
than ~5 yr are dominated by sources of external origin. Vari- 
ations over longer timescales, which are collectively known as 
the secular variation (SV), and which are of predominantly 
internal origin, provide an extremely useful tool for investigating 
the dynamics of the Earth’s fluid outer core. Observations have 
been made of the Earth’s magnetic field for perhaps a thousand 
years’; reliable observations date back over 300 yr’, and provide 
a potentially extremely valuable data set. 

Two problems have, in the past, prevented full use being 
made of these data. The methods used to analyse the data have 
been inadequate because of not taking due account of the 
problems of using observations made on, or just above, the 
Earth’s surface to model the magnetic field at the core-mantle 
boundary (CMB) some’3,000 km below. Additionally, previous 
analyses have been based on secondary collections of data which 
are very much less reliable and comprehensive than the original 
sources. 

To learn as much as possible about the processes responsible 

for generating the SV and the field itself it is crucial to have 
models of the field at the CMB. Features of the SV which have 
been identified at the Earth’s surface may have a quite different 
expression at the CMB. 

The two principal features of the SV, as observed at the Earth’s 
surface, are the westward drift, first recognized by Halley** 
three centuries ago and amounting to around 1° in 5 yr, and the 
decay of the dipole component of the field by 7% since 1845. 
The westward drift has been interpreted both as being due to 
bulk westward motion of fluid in the core relative to the mantle’, 
and to westward-propagating slow magnetohydrodynamic 
waves in the core®, with no mass motion. The decay of the dipole 
could be due to an intrinsic oscillation of the dynamo process’ 
or alternatively due to the re-arrangement of field lines by fluid 
motions near the CMB. Recent theoretical work? has suggested 
that the latter possibility can, under certain assumptions, be 
discarded. The lack of reliable field models at the CMB covering 
a sufficiently long time interval has, in the past, precluded the 
possibility of discriminating between these possibilities. 

Other work on the surface expression of SV has involved the 
separation into drifting and standing parts’'*. Separations have 
been made using the spherical harmonic representation of the 
SV, rather than on the basis of the identification of particular 
features at the CMB. 

Regional differences in the surface SV have also been 
observed. Low SV in the Pacific region, together with an appreci- 
ably smaller non-dipole ingredient of field than ın other regions, 
was first recognized by Fisk’. Palaeomagnetic evidence suggests 
that these features of the SV in the Pacific region may have 
persisted over a very much longer timescale’*”’. The lack of 
models of the field at the CMB has precluded anything other 
than highly speculative interpretations being made of these 
features”*, 

During the past 20 yr attempts have been made to use models 
of the SV to calculate the fluid velocity at the CMB, with the 


* Present address: Department of Geological Sciences, Harvard Univer- 
sity, Cambridge, Massachusetts 02138, USA 


simplifying assumption, the Roberts and Scott frozen-flux 
hypothesis”, that the effects of magnetic diffusion are negligible 
over the timescales considered and the, length scales resolved 
by the available data. Early attempts?” paid insufficient atten- 
tion to the problem of non-uniqueness; Backus? showed that 
only the component of core velocity normal to curves of zero 
radial field (null-flux curves) could be determined uniquely. 
Others*°-** have shown that it is possible to determine additional 
components of the’ flow by making additional assumptions. 
Backus also derived necessary conditions for the data to satisfy 
the frozen-flux hypothesis: that the flux through patches on the 
CMB bounded by null-flux curves should not change with time. 
These provide powerful tests of the hypothesis. 


Magnetic field models 


A full description of the compilation of the historical data set 
(the pre-twentieth century data) is in preparation; the models 
presented: here differ from all models produced by previous 
workers in that they are based on original magnetic field observa- 
tions. Previous studies (for example, refs 34-38) have been based 
on either the catalogue of Veinberg and Shibaev’’, which consists 
of data reduced to regular grid-points at fixed time intervals, or 
on data obtained from charts of the field. Some of these studies 
have included archaeomagnetic data in conjunction with the 
catalogue data, but in no case has the original data itself been 
analysed. The data set compiled for this study is considerably 
more extensive than that used by Veinberg and Shibaev. 

The twentieth century data set comprised observatory annual 
means, survey and repeat station data from the ‘Main Field’ 
data set supplied by World Digital Data Centre-C1 (Edinburgh), 
and satellite data supplied by NASA Goddard Space Flight 
Centre. 

Before 1832 there were no observations of the absolute 
intensity of the geomagnetic field*°; only measurements of the 
field direction were made. This poses two problems: first we 
can, at the very most, determine only the relative intensities of 
the geomagnetic coefficients; the absolute intensity must be fixed 
by some other means. We rely on the extrapolation of the decay 
in the axial dipole term given by Barraclough®’. Second is the 
more fundamental problem of uniqueness: are direction 
measurements alone sufficient? Notwithstanding the analysis of 
Kono*', no acceptable proof or counter-example has been pub- 
lished to resolve this issue. Accordingly, some caution must be 
exercised in the interpretation of models based on angular data 
alone, although the obvious similarity of features in these early 
models to those in the later models suggests that non-uniqueness 
is not a serious practical problem. 

The problem of inferring the magnetic field at the CMB from 
surface observations is an example of a continuous inverse 
problem. Unless we introduce additional assumptions into the 
inversion procedure, we can conclude nothing about the mag- 
netic field at the CME. In the past, it has been assumed that 
the field can be adequately represented by a severely truncated 
spherical harmonic expansion, degree 8 being the favoured 
choice of truncation level—_a wholly unwarranted assumption. 
Two legitimate approaches can be adopted for introducing 
additional assumptions, or previous information, into the inver- 
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sion procedure: algebraic inverse theory, pioneered by G. E. 
Backus, F. Gilbert and R. L. Parker and applied to the geomag- 
netic inverse problem by Shure et al.**; and stochastic i inverse 
theory, applied to geophysical i inverse‘ problems by Jackson”, 
and to this problem by us“ . Stochastic inversion and harmonic 
splines, as the application of algebraic inverse theory by Shure 
et al. is known, result, in appropriate circumstances, in identical 
field models; however, the error estimates which can be derived 
from these two methods differ significantly. Stochastic inversion 
results in statistical error estimates, that is errors representing 
the uncertainty in the derived field model, while harmonic 
splines can only provide absolute bounds on the range‘of values 
which can be taken by the models, although such bounds have 
yet to be derived. Stochastic inversion, with appropriate choice 
of previous information results in finite point error estimates, 
harmonic splines results in, unbounded point values. Both 
methods ultimately rely on the validity of the underlying assump- 
tions. Stochastic inversion, which we. have used in this study, 
has the advantage of being considerably easier to implement. 
Previous information was specified i in terms of the second choice 
of norm, the’ dissipation norm“ 

The 1715.0 model is based on 2, 575 observations of the di 
nation (including 200 observations made by Halley, and correc- 
ted by Barraclough) and 142 observations of the inclination, 
drawn from the period 1695-1735. The errors assigned to the 
data were derived from three parts: a component due to crustal 
fields; a component due to secular variation (none of the 
observations was corrected, for secular variation); and a com- 
ponent due to observational errors. The observations were 
checked exhaustively for navigational errors; it should be 
remembered that the determination of longitude at sea was very 
poor during this period. Many reported longitudes were found 
to be in substantial error and corrections made. 

‘The 1777.5 model was produced:in a very similar fashion 
using 4,733 declination observations and 1,382 inclination 
observations, drawn from the period 1765-90, including many 
observations from the voyages of Captain James Cook. The 
navigation corrections were less drastic because of the advances 
in determining the longitude at sea which were introduced from 
1770. 

The 1842.5 model was derived almost entirely from data 
compiled by Sir Edward Sabine**”; from this compilation we 
used 4,503 observations of the declination, 4,725 of the inclina- 
tion and 3,170 of the absolute field intensity, covering the period 
1830-60. Sabine’ s corrections for secular variation were applied 
where available. 

The twentieth century models were based on a data set com- 
prising observatory. annual means, repeat station, survey and 
satellite data. Corrections were applied to observatory annual 
means to remove the influence of crustal magnetization using 
the method described by Gubbins and Bloxham™. The weighting 
of the data followed the method used for recent field models**””. 

The radial component of the magnetic field at the CMB is 
plotted for each of these models ‘in Fig. 1. Table 1 gives the 
estimated error in the radial field at the CMB for each’ model, 
together with the model norm (a measure of the roughness of 
the field at the CMB), and the trace of the resolution matrix 
(effectively the number of degrees of freedom). 





Table 1 Estimated error, model norm and trace resolution matnx for 
models of the radial field 





+ 


Trace 
Field model Error at CMB Model norm resolution 

(uT) (x10!) matrix 
1715.0 55-125 47 54 
1777.5 85-130 88 83 
1842 5 70-100 132 102 
1905.5 50-70 130 112 
1969.5 40 : 137 155 
1980.0 - 30 136 150 
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Immediately apparent is the remarkable degree of resolution 
afforded: small scale features in the field are resolved even in 
the 1715.0 field model. The fact that models based'on entirely 
different data sets, spanning almost 300 yr, show such a high 
degree of coherency provides extremely strong eviderice that 


-the error estimates given in Table 1 are reasonable, and that 


most of the small scale features in the core field can be believed. 
However, it is possible that the stochastic inversion will result 
in error estimates which are too small if too much reliance is 
placed on the prior information. There is some evidence of this 
effect in Table 1: the norm for the 1715 model is very ‘small 


_ compared with the other models, because stronger damping has 


been used to produce a smooth field model; more'reliance has ` 
been placed on the prior information, to compensate for the 
poorer data. 


Characteristics of secular variation 


From the series of models shown in Fig. 1 we can readily identify 
various features in the field at the CMB. 

Rapidly drifting flux spots. These intense patches are observed 
in the Southern Hemisphere from around 90° east. They drift 
westwards towards South America, with changes in intensity. 
We can trace four such spots, labelled A-D in the'plot for 1980 
in Fig. 1, through many epochs. Some other spots either drift 
too fast, merge with others, or are too poorly resolved for us to 
correlate without better time resolution. 

Static flux bundles. These are permanent regions of intense flux 
observed under arctic Canada, Siberia dnd under Antarctica. 
For a dipole field we would expect one region of intense flux 
at each pole, but instead we observe two such regions near, but 
not at, the North Pole (one under Canada and one under Siberia) 
and, in most models, two under Antarctica. Static flux bundles 
are also observed under the central Pacific Ocean and the Persian 
Gulf. These features have remained virtually stationary for more 
than 250 yr. 

Static zero flux patches. These permanent regions of very low 
flux are observed at the North Pole, under Easter Island, in the 
northern Pacific Ocean and; in many models, near the South 
Pole. Zero Flux is particularly surprising near the poles, which 
is where a dipole field’ would have maximum intensity of ‘flux. 
Localized field oscillations. Large amplitude oscillations occur 
in the field under Indonesia in the region of the undulations of 
the magnetic equator. These oscillations do not propagate de- 
spite their wave-like appearance. 

This description differs from what has previously been in- 
ferred from maps of the surface field. Westward drift occurs 
only in certain well-defined regions of the core; indeed, in the 
northern Pacific Ocean there is slow eastward drift. Flux spots 
are observed to drift rapidly westwards, while flux bundles 
appear to be static. The separation into drifting and standing 
features is not'possible by wavelength alone: the wavelengths 
of both categories are similar. 

The low SV observed under the central Pacific is directly 
associated with that at the surface, but the field in this region 
at the CMB has a significant non-dipole ingredient (the central 
Pacific flux bundle) while the surface field is predominantly 
dipolar. The central Pacific: flux’ bundle is of sufficiently short 
wavelength to have only a relatively. small effect on the surface 
field. 

The high SV observed in southern Africa and Indonesia is 
due to rapidly drifting core spots, and the large field oscillations, 
respectively. 

The succession of relative ‘highs and lows’ in the field observed 
under Europe and the north Atlantic Ocean is suggestive of a 
wave-like behaviour. The models presented here, at intervals of 
~60 yr, have inadequate time-resolution to investigate their 
propagation. A series of models at 10-yr intervals throughout 
the twentieth century is being used to investigate them. 

It is possible that some of the static features may be crustal 
anomalies which have been mapped into the core field. Core 
and.crustal fields cannot’ be separated by any direct means. It 
is frequently argued*’, from examination of the power spectrum 
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Fig. 1 Contour plots of the radial field at the CMB for: a, 1715.0; b, 1777.5; c, 1842.5; d, 1905.5; e, 1969.5; and f, 1980.0. The contour interval 


is 100 uT; solid contours represent flux into the core, broken contours flux out of the core. The bold contours represent zero radial field. The 


labels A-D in f are referred to in the text. 
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of the total observed field, that the core field dominates up to 
degree 13 and the crustal field above degree 15. However, such 
a separation is totally ad hoc, and has no justification other than 
being convenient and appearing reasonable. An alternative 
approach, which has been developed by Meyer and col- 
leagues°*°>, is to tackle the problem by forward modelling. They 
produce global models of the petrology of the Earth’s crust and 
calculate the induced magnetization. The method reproduces 
the shape of the observed power spectrum, supporting the inter- 
pretation of the power spectrum. Their method only models 
induced magnetization; over continental areas remanent mag- 
netization varies over very short length scales and so can be 
ignored at the wavelengths in which we are interested. Longer 
wavelength components of remanent magnetization may be 
important over the oceanic crust”. 

The crustal model CRST-70-F-22-22 (ref. 53) was removed 
from the 1980.0 data set before analysis, as an initial check for 
contamination by induced crustal sources: this had no noticeable 
effect on the core field, tending to confirm that these models 
are not contaminated by induced sources of crustal magnetiz- 
ation. 


Interpretation of secular variation 


Our core field models are inconsistent with Backus’s necessary 
conditions on the frozen-flux hypothesis. Patches of reversed 
flux that are under the south Atlantic Ocean have intensified, 
in violation of the frozen-flux requirement that flux through 
patches bounded by null-flux curves be conserved. The 
integrated flux through these patches is given in Table 2. This 
result vindicates our earlier tentative conclusion®’, based on 
only 20 yr of data, that we had detected diffusion of magnetic 
field at the CMB. The topology of null-flux curves also changes. 
The constraint that the topology of null-flux curves be invariant 
(that they do not merge or divide) is weak because only a very 
small amount of diffusion is required to violate it. 

Rejection of the frozen-flux hypothesis may have fundamental 
consequences: almost all models of the core flow have been 
produced from models of the main field and SV (for example, 
refs 31-34, 55-57) which have been derived assuming the frozen- 
flux hypothesis; the validity of these models must now be recon- 
sidered. To judge the usefulness of the frozen-flux hypothesis 
as a first approximation to the kinematics of the secular variation 
we examine the changes taking place under the South Atlantic 
region in more detail. Figure 2 shows the flux through the patches 
in this region for 1905 and 1969. Although the division of the 
South Atlantic patch into two parts in 1969 is not formally 
justified, these two parts are only linked by a thin ‘neck’ (at 
around 15° east). The intensification of flux has been largely 
confined to the region beneath southern Africa, through which 
the flux has increased severalfold during the 69-yr interval, 
suggesting that the frozen-flux approximation is not a good 
approximation in this region. 

What could cause these large changes in flux? One possible 
mechanism is the expulsion of toroidal field from the core into 
the mantle. Such a phenomenon is known to occur on the Sun 
producing sunspsots. Allan and Bullard”? examined the effect 





Table 2 Total flux through reverse flux patches in Southern Hemi- 
sphere (MWb) 





Field model Flux 
1715.0 321 
1775.5 ; 520 
1842.5 Til 
1905.5 697 
1969.5 1300 
1980.0 1362 





Totals are for all reverse flux patches in the Southern Hemisphere 
except the Easter Island patch. 
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Fig. 2 Flux (in MWb) through reversed flux patches under South 
Atlantic Ocean region in 1905.5 and 1969.5. 


of upwelling on a toroidal field, for low magnetic Reynolds 
numbers, as did Nagata and Rikitake’’™. We are concerned 


here with magnetic Reynolds numbers as large as 10” and are 


compelled to investigate the process numerically. 

We have investigated, using a simple two-dimensional model, 
the effect of upwelling on an initially uniform, horizontal field. 
The field diffuses quite rapidly through the rigid, insulating 
boundary. For example, with a magnetic Reynolds number of 
107, and an initial horizontal field strength of 10 mT, the strength 
of the vertical field above the boundary increases by up to 1 mT 
in one quarter of the convective turnover time, say 75 yr. More 
importantly, the rate of flux expulsion is found, before the 
approach to steady state conditions, to be relatively insensitive 
to the value of the magnetic Reynolds number, suggesting that 
if upwelling motions do exist near the CMB in regions of toroidal 
field then the validity of the frozen-flux hypothesis is not guaran- 
teed by a large magnetic Reynolds number alone. This process 
of expulsion of toroidal field into the mantle results in pairs of 
patches of intense flux of opposite sign, which can intensify 
rapidly. The rapidly drifting flux spots fit this picture. This 
process offers an explanation of the rapid changes observed in 
the flux integrals under the southern Atlantic Ocean, without 
the need for low core conductivity. The rate of expulsion of flux 
may be different for the spherical problem. 

The dipole has decayed by 7% during the time interval from 
1842.5, the earliest model based on intensities, through to 1980.0. 
During this same period the reverse flux under the south Atlantic 
Ocean has increased substantially in intensity. These patches of 
reverse flux are directly related to the decrease in the dipole 
intensity: adding flux of the ‘wrong’ sign reduces. the dipole 
moment. 

We propose a diffusive model for the static flux bundles. 
Downwelling of fluid will sweep field lines in towards a point 
on the CMB, resulting in a region of concentrated flux. In the, 
steady state, the resultant feature will be limited by diffusion, 
with magnetic flux being swept in by the flow at the same rate 
as flux diffuses away. Note that the central Pacific flux bundle 
is surrounded by areas of zero flux to the east, north and 
south-west suggesting that the flux is being swept out of these 
regions into the bundle. 

To make the suggestion quantitative, consider axisymmetric 
cylindrical flow in a half space, in which flow-at the surface 
converges towards a point O on the boundary—the intersection 
of the axis with the surface. Because O is a stagnation point of 
the flow, we can linearize the velocity components around O 
and so reduce the induction equation to a simple ordinary 


* 
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differential equation valid near O. The solution has a gaussian 
profile 


a (s/ 8)? 


where s is the distance from O, and 4 is the characteristic width 
of the bundle with 


8? =2nL/ Va 


and V is a characteristic velocity, L is a characteristic length 
scale of the convection, and 7 is the magnetic diffusivity. 

The flux in the central Pacific flux bundle is concentrated into 
a region of characteristic width 1,000 km. Taking 2,500 km as a 
horizontal length scale for the convection, and 7 =2.6m7s"', 
we find V~ 5x 107° ms“, a value consistent with the very small 
velocities inferred from the eastward movement of field lines to 
the north of this region. 

Diffusion times of features in the core field are hard to estimate 
for they depend on the unknown radial field structure. The 
central Pacific feature corresponds to angular mode 8, which, 
for a radial mode of three or four, results in a diffusion time of 
~400 yr—sufficiently short for us to have observed diffusive 
decay. This suggests that the feature is being maintained against 
diffusive losses by advection of field. 

The static patches of zero flux are similarly explained by 
upwelling of fluid; horizontally diverging flow sweeps away field 
lines creating a region of very low, or zero, field. This very 
simple view of upwelling will be complicated by the presence 
of toroidal field which may be brought to the surface by the 
flow, although at the poles, where we do not expect a strong 
toroidal field, this-simple view is probably sufficient; indeed, 
zero flux patches are observed near both poles. 

The existence of upwelling at the CMB has an important 
bearing on studies:of the thermodynamics of the core” 
Whaler®*-® used models of the SV to test the no-upwelling 
hypothesis, using necessary conditions similar to those used to 
test the frozen-flux hypothesis. Under the no-upwelling 
hypothesis, flux should be conserved through patches on the 
CMB bounded by any contour of radial field, instead of for just 
zero contours. Whaler found these flux integrals changed less 
with time than integrals over arbitrary patches on the CMB, 
supporting the no-upwelling hypothesis. However, the validity 
of this test rests critically on the validity of the frozen-flux 
hypothesis. If we relax the frozen-flux constraint then downwel- 
ling flow can result in steady-state features, such as static flux 


Received 3 June, accepted 6 September 1985 


1 Needham, J Scrence and Cwilisation m China Vol 4 Part 1 (Cambridge University Press, 
1962) 

Barraclough, D R. Phil Trans R. Soc. A306, 71-78 (1982) 

Halley, E Phi Trans R. Soc. 13, 208-221 (1683) 

Halley, E Phil Trans R. Soc. 16, 563-578 (1692) 

Bullard, E C , Freedman, C , Gellman, H. & Nixon,J Phil Trans R. Soc A243, 67-92 (1950) 

Hide, R Phil. Trans R. Soc A259, 615-647 (1966) 

Busse, F H. Geophys Astrophys Fluid Dynam. 21, 129-141 (1982) 

Le Mouel, J L Nature 311, 734-735 (1984) 

Nagata, T Proc. Benedum Earth Magnensm Symp 39-55 (Pittsburg Univ Pittsburg Press, 
1962) 

10 Yukutake, T & Tachmaka, H, Bull. Earthquake Res Inst Tokyo 46, 1027-1074 (1968) 

11. Yukutake, T & Tachinaka, H Bull Earthquake Res Inst Tokyo 47, 65-97 (1969) 

12 James, R. W J Geomagn Geoelectr 22, 241-252 (1970) 

13 Fisk, H. W Buil Inst Geodetic Geophys Un 8, 280-292 (1930} 

14. Doell, R R & Cox, A Nature 192, 645-646 (1961) 

15 Doell, R R & Cox, A J geophys Res 68, 1997-2009 (1963) 

16 Cox, A & Doel, R R Bull seism Soc. Am. 54, 2243-2270 (1964) 

17 Doell, R R & Cox, A J geophys Res 70, 3377-3405 (1965). 

18. Doell, R. R. & Cox, A Scrence 171, 248-254 (1971) 

19 Doel, R R J geophys Res 77, 2129-2138 (1972) 

20 Doel, R R J geophys Res 77, 3725-3730 (1972) 

21 Doell, R. R & Cox, A in The Nature of the Solid Earth (ed Robertson, E C ) 245-284 

(McGraw-Hill, New York, 1972). 
22 Bingham, D K & Stone, D B Geophys J R. asir Soc. 28, 337-355 (1972) 
23 McWilliams, M O , Holcomb, R T & Champions, D E Phil Trans R Soc. A306, 211-2222 
(1982) 

24 Cox, A J Geomagn Geoelectr 13, 101-112 (1962) 

25 Roberts, P H & Scott, S J Geomagn Geolectr 17, 137-151 (1965) 

26 Kahle, A B, Ball, R H & Vestine, E H J geophys Res 72, 1095-1108 (1967) 

27 Kahle, A B, Ball, R H & Vestine, E H J geophys Res 72, 4917-4925 (1967} 

28 Vestine, E H, Ball, R H & Kahle, A. B J geophys Res 72, 4927-4937 (1967) 

29 Backus, G E Phil Trans R. Soc. A263, 239-266 (1968) 

30, Gubbins, D Phil. Trans R. Soc. A306, 247-254 (1982) 

31 Madden, T & Le Mouel, J-L Phi. Trans R Soc A306, 357-364 (1982) 


WO ~ A wa & WW AD 





ARTICLES | 181 


bundles, for which flux through patches bounded by contours 
of radial field will be conserved. In fact, downwelling flow will 
ultimately result in small intense regions of flux for which the 
frozen-flux constraint, and consequently the test for downwel- 
ling, will fail. 


Discussion 


We have shown that the SV is influenced by electrical diffusion 
in the core. Diffusion will inevitably be significant at some level; 
its detection depends only on the quality of the available data. 
We have shown that the historical observations are sufficiently 
accurate and well-distributed to exhibit the effects of diffusion. 

This result may appear to limit the usefulness of the frozen-flux 
hypothesis in determining core motions. This is not necessarily 
the case as the frozen-flux hypothesis may still be useful in 
finding a first approximation to the core velocities. Diffusive 
effects may then provide additional information on smaller 
effects such as the slow flows, discussed above, that produce 
flux bundles and zero flux patches. Other diffusive effects, 
however, may be quite incompatible with the frozen-flux con- 
cept; one such mechanism is the expulsion of toroidal field to 
produce spots. The resulting SV cannot be modelled using the 
frozen-flux hypothesis, and any core motions calculated using 
the hypothesis may be wholly misleading in such regions. 

It is unlikely that the pattern of core flow remains stationary 
with respect to the mantle, so the existence of static features in 
the core field, which do not appear to be crustal in origin, 
suggests that the flow in the core may be coupled to the mantle. 
Three coupling mechanisms are plausible: thermal, electromag- 
netic and topographic. Temperature variations in the mantle 
may drive flow in the core, a cold spot in the mantle producing 
downwelling of fluid (such as beneath the central Pacific) and 
a hot spot upwelling resulting in a zero flux patch. Alternatively, 
baroclinic instabilities may be established producing more com- 
plicated flow. Electromagnetic coupling could arise from vari- 
ations in the electrical conductivity of the mantle which would 
influence the magnetic field, and possibly the core flow through 
the Lorentz force. The idea of topographic coupling is an old 
one: bumps on the CMB may influence the core flow. The 
oscillations in the field beneath Indonesia might be associated 
with topography. There is recent evidence for larger-scale vari- 
ations in the seismic velocity at the base of the mantle, which 
could be due to temperature variations, as well as dynamically- 
maintained topography at the CMB. 
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The three-dimensional structure of trp repressor 


Richard W. Schevitz, Zdzislaw Otwinowski, Andrzej Joachimiak, 
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The crystal structure of the Escherichia coli trp repressor has been solved to atomic resolution. The dimeric protein has 
a remarkable subunit interface in which five of each subunit’s six helices are interlinked. The binding of L-tryptophan 
activates the aporepressor indirectly by fixing the orientation of the second helix of the helix-turn—helix motif and by 
moulding the details of the repressor’s structure near the DNA binding surface. 





THE synthesis of L-tryptophan in enteric bacteria is regulated 
in part by repression of trpEDCBA, the biosynthetic operon for 
L-tryptophan, and aroH, which encodes one of the isoenzymes 
that catalyses the first step in aromatic amino-acid bio- 
synthesis'”. Repression of these operons is regulated by a 
straightforward negative feedback loop, as the concentration of 
L-tryptophan increases, two molecules of L-tryptophan bind 
with a Kp of about 107° M to the inactive trp aporepressor, a 
dimer of two identical 107 amino-acid subunits”. This reaction 
forms the active trp repressor which binds specifically and firmly 
as a dimer to the operators of these operons’*. By the same 
mechanism, the trp repressor is also autoregulatory since it 
decreases transcription of the trpR gene that encodes the frp 
aporepressor polypeptide. The trp repressor has been punfied, 
characterized and crystallized in a form suitable for high resol- 
ution structure analysis“. 

The crystal structure determination of three DNA-binding 
regulatory proteins®* has provided a general framework with 
which to understand protein interactions with regulatory sequen- 
ces in DNA. The structural basis of trp repressor's function is 
of special interest because its regulatory role is modulated by 
the binding of a specific small molecule, L-tryptophan. Altered 
patterns of crystallization’ and proteolysis’ suggest that binding 
L-tryptophan produces conformational changes that may under- 
lie the activation of the aporepressor to the repressor The 
repressor has also been subjected to intense genetic analysis'°. 

We report here the three-dimensional structure of the 
Escherichia coli trp repressor as determined from an electron- 
density map of the trigonal crystal form at a resolution of 2.6 A. 
Many features are clear even in the partially refined model. 
These are: (1) the unusual architecture of the dimer, (2) the 
tryptophan binding site and the more obvious aspects of L- 
tryptophans role as an activator or co-repressor, (3) the general 
features of the repressor/ operator interaction, and (4) the distri- 
bution of mutational changes in the repressor in relation to their 
effect on DNA interactions and L-tryptophan binding. 


Structure determination 


Trigonal crystals of frp repressor, that is, the active complex 
between L-tryptophan and aporepressor, were grown as 


described in ref. 5 and then changed to a phosphate-free stabiliz- 
ing solvent containing 2.37 M (NH,)2SQ,, 0.4 M NaCl, 2.4 mM 
L-tryptophan and 50mM Na acetate pH 5.4 to facilitate the 
formation of an especially good uranyl acetate derivative. The 
space group is P3,21 with cell dimensions a = b = 50.6 A and 
c= 736A. The asymmetric unit contains one-half of the func- 
tional dimer; thus, the two subunits are related by exact 2-fold 
crystallographic symmetry. An electron-density map was calcu- 
lated to 2.6 A resolution by the multiple isomorphous replace- 
ment (MIR) method using three heavy-atom derivatives: 
UO0,(CH;,CO;)2, HgCl, and K,Pt(CN), (Table 1). Data were 
collected on film by the oscillation method. Bijvoet differences 
were measured for the uranyl derivative because of the antici- 
pated strong anomalous scattering signal. This expectation was 
verified by the fact that the uranium positions could be easily 
determined from a Patterson synthesis of the Bijvoet differences. 
These differences contributed significantly to the phase determi- 
nation (Table 1) and resolved the ambiguity of the space-group 
enantiomorph The mean figure of merit for the 3,350 Fourier 
coefficients used to produce the map was 0.74 across the full 
resolution range. Restrained least-squares refinement using the 
Konnert-Hendrickson program’? is in progress; the current 
R-factor is 27% for all data to 26 A resolution with retension 
of excellent stereochemistry. 

The polypeptide chain was readily traced through an MIR 
electron density map in which the backbone density was virtually 
continuous. The molecular model was built and adjusted with 
the computer graphics programs GRINCH and FRODO" 
implemented on an Evans and Sutherland PS330 hosted by a 
VAX 11/750. Contrast between solvent and repressor molecule 
was strong, and side chains were consistently well represented 
by density except for some of the surface residues. A section of 
the MIR map with the model superimposed is shown in Fig. 1. 
The molecular boundary was clearly outlined with the dimer 
axis located on one of the two lattice dyads. 


Dimeric architecture and DNA binding motif 


Amino-terminal sequence analysis showed that the crystalline 
trp repressor subunit starts with alanine at position 2 of the 108 
amino-acid polypeptide predicted from the gene sequence” 





Table 1 Quality of the MIR phases 


Resolution* 108 74 5.6 
Figure of meritt 078 0.85 083 
Phasing powert of 
Uranyl acetate 3.61 4.16 3 96 
(anomalous dispersion) 2.66 176 1.78 
Mercuric chlonde 133 2.50 2.62 
Platinum cyanide 1.71 1.53 163 


* Upper lımıt of resolution shells ın Angstroms 


45 38 3.3 2.9 2.6 Overall 
0.76 074 074 073 070 0.74 
3 06 2 94 295 3 16 3.00 317 
2 20 214 1 82 1 46 1.44 1.73 
205 1 44 1.19 1.14 096 1 61 
0.96 080 0.99 113 1.20 1.08 


t Figure of ment 1s a measure of the relative reliability of a phase based on the consistency of the MIR analysis The highest rehability 1s indicated 


by the maximum value of 1.0, the minimum value ts 0.0. 


¢ The phasing power of a derivative ıs the calculated strength of the heavy-atom contribution (or anomalous dispersion difference) divided by 


the estimate of the error ın the analysis 
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Fig. 1 Interpretability of the MIR electron 

density map. A central segment of the A helix 

superimposed on the map. The side chains of 
His 16, Trp 19 and Phe 22 are prominent. 


Seventy-seven of the 107 residues (72% ) form six helices (A-F) 
connected by short turns (Fig. 2). All but one of the helices 
(helix D) of one subunit make extensive contacts with some 
part of the opposing subunit, making the dyad-related subunits 
so completely interlinked that it would appear difficult to disen- 
gage them without significantly altering their tertiary structures. 
If the monomer is envisioned by itself (dark subunit in Fig. 2) 
it lacks the ‘globular’ shape that is typical of most proteins and 
their subunits. Helix A and helix B at one end of the subunit 
are separated from helices D, E and F at the opposing end by 
nearly the full length of the five-turn helix C. The structure of 
an individual subunit is reminiscent of the recently reported 
structures of troponin C'*'* and calmodulin'®. Like troponin 
C, the long helix (here helix C) connecting the globular domains 
is bent at a central Gly residue (here by 12° at position 52). 
The fact that most of the tertiary structural interactions are 
provided by contacts between the subunits raises questions about 
the folding process in this molecule. How, for example, would 
a newly synthesized polypeptide chain fold and preserve itself 
before dimerization? The unusual structure of the dimer inter- 
face and its puzzling implications raise the possibility of a 
mistaken interpretation. This possibility is ruled out by the fact 
that except for the terminal segments noted below, the entire 
MIR electron density map is strong and continuous, and unam- 
biguously matches the side chains in the interpretation presented 
here (Fig. 1). Any attempt to make a more globular shape for 
the monomer would require ignoring continuous density with 


SJ 


Fig.2 Architecture of the trp repressor. A 
schematic stereo representation, as ‘viewed’ 
by the operator down the molecular dyad, 
showing helices as straight cylinders and 
connecting turns as folded tape. One subunit 
is displayed in black. The molecules of L- 
tryptophan that act as the co-repressor are 
drawn in skeletal form. The residues (codon 
sequence numbering) that comprise the 
helices are as follows: A, 10-31; B, 35-42 
(b labels the same helix in opposing sub- 
unit); C, 45-63; D, 68-75; E, 79-92; F 
(obscured in the figure by helices E and C) 
94-105. 
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well-defined side chains between helices B and C and, instead, 
spanning at least 10 A of discontinuous density. 

Residues 68-92, containing helix D and helix E, form a 
helix-turn-helix DNA-binding structural element that has a 
conformation homologous to the @,-a@,; regions found in cro 
and in the amino-terminal fragment of A repressor'’, and the 
&p-&p structure of catabolite gene activator protein'* (CAP). 
The two-turn D helix is somewhat irregular with an enlarged 
second turn. In their sequence analysis of many site-specific 
DNA-binding proteins, Ohlendorf et al.'” showed residues 68-88 
of trp repressor to be homologous in sequence and presumably 
in structure with those that form the helix-turn-helix motif in 
cro, A repressor and CAP and predicted that it would have a 
similar DNA binding function. 

The first three and the last two residues of the subunit are 
not well represented in the current map, indicating that they 
have a less well-defined structure in the crystal and presumably 
also in solution. A poorly structured amino-terminal segment 
has been implicated in several DNA binding regulatory pro- 
teins", 


Tryptophan binding site 

The crystal structure reported here is of the active repressor and 
contains two equivalent molecules of bound L-tryptophan per 
dimer’. The position of the corepressor ligand was established 
as the only significant unassigned density after completely fitting 
the polypeptide. It is strong continuous density, unconnected 













to the backbone, and it is well modelled by L-tryptophan. On 
< the edge of this density near the 5-position of the indole ring is 
-seen the only significant peak in a difference map (not shown) 
- gontrasting repressor containing iodo-L-tryptophan with the 
parent structure containing underivatized L-tryptophan. This 
L-tryptophan site (Figs 2-5) is located in a natural cavity near 
the surface of trp repressor formed by the sides of helices C 
and E of one subunit and the turn between helices B and C of 
the second subunit; that is, both subunits contribute to each of 
cithe two symmetrical tryptophan binding sites. 
Figure 3 shows the detailed structure of the L-tryptophan 
. binding site seen at this early stage of refinement. The following 
> points are noteworthy: one surface of the tryptophan site is 
provided by Gly 85 where the indole ring of the bound tryp- 
- tophan occupies the space that is usually taken by a bulkier 
hydrophobic side chain (often tryptophan) at the homologous 
position. of the helix-turn- helix regions in other sequence- 
specific | DNA- binding proteins’. However, unlike a constituent 
of AE Shaan, the a- -carbon substituents of the bound 


oe be oi bonded to the iee of Ser 
J eel © end of the opposing subunit’s B helix 


le backbone years of residue 42 and a salt 
i mona 47, both of. the opposing- subunit. The direct 





and mutational analy- 
ed operator ‘would be a 2-fold 
uple with the sequence shown 
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Fig.3 3 O binding sit 
showing the essential features o apat 
binding in one of the two symmetrical binding 
sites in the trp repressor. Possible hydrogen 
bonds to.L-tryptophan based. on acceptable: dis- 
tance measurements (2.8-3.2 ss are shown, by 
dashed lines. 













eters???" were not imposed at this stage, nor was the helical 


axis of the operator bent as suggested for cro% and CAP binding 
sites”. We chose the interactive surface of the operator to be 
that side of the DNA which placed the two major grooves at 
symmetrical positions one turn of the helix apart. In this way 
the contour of the chosen side makes a distinctly better 
stereochemical fit with repressor; in particular, the repressor 
can readily contact the bases that have been implicated as the | 
principal recognition sites by studies of operator constitutive: | 
mutants and sequence homology among the related operators?” 
The interactive surface of the repressor is indicated by several 
observations. First, it contains as a prominent surface feature 
the helix-turn—helix DNA-binding motif that has both sequence 
and structural homology to the crystallographically determined 
DNA binding proteins cro®, A repressor’, and CAP*. This ele- 
ment of the presumed interactive surface is separated from its 
dyad-related counterpart in the other subunit by one full turn 
of B-DNA. Second, this surface holds the pocket containing the 
L-tryptophan binding site. Third, this surface is lined with the 
amino acids that are altered in both the negative complementing 
and ‘super repressor’ missense mutants that presumably reflect 
decreased and enhanced operator binding, respectively (Fig. 4). 
The complex was modelled by superimposing the 2-fold axes 
of repressor and operator and visually adjusting their separation 
and relative rotation about the common axis using computer 
graphics to give a good complementary fit between their match- 
ing surfaces. Figures 4 and 5 show the overall appearance of 
the modelled repressor/operator complex. In addition to the. 
interaction of the helix-turn-helix elements with the major — 
groove there is a more central contact surface in which the DNA- 
backbones on each side of the minor groove approach the 
repressor surface close to the common dyad of the complex; 
however, the bases in the minor groove are not in contact with 
the repressor: In this modelea interaction: the. ‘N-terminal end. 


elix t trypt 
orientation of the helix-turn helix 
le for t operatar- specific. contacts. 
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Fig. 4 Modelled interaction between trp 
repressor and operator. a, A stereo pair of 
the complex, modelled as described in the 
text, viewed perpendicular to the helical 
axis of the idealized operator (yellow) and 
the dyad axis. The C,,-backbone of the trp 
repressor dimer is shown in blue. The co- 
repressor L-tryptophan is shown in red. 
The amino-acid side chains of the wild 
type at the sites of negatively complement- 
ing missense mutants are superimposed 
and numbered in pale green; other posi- 
tions are numbered in red. The C, posi- 
tions are 2 mm to the left of the label and 
are all in the same subunit. b, Same com- 
plex as in a viewed along the helical axis 
of the operator. The amino-acid side 
chains of the wild type at the site of 
changes in super repressor mutants are 
superimposed and labelled in pale green; 
the L-tryptophan co-repressor is omitted 
for clarity. c, Consensus operator 
sequence used above. 


(5°) 


Its second role is more local and results from the interactions 
of the bound tryptophan's carboxyl and amino groups with 
functional groups of the protein near the DNA-binding surface 
of the protein. The side chain of Arg 84 is clearly positioned by 
a hydrophobic contact of its aliphatic arm with the indole ring 
and a polar interaction of its guanidino group with the tryp- 
tophan’s carboxylate. The guanidino group is thereby fixed in 
a specific way close to the sugar-phosphate backbone. At the 
same time the tryptophan’s amino group interacts with the 
C-terminus of helix B (of the opposing subunit), presumably 
neutralizing the helix’s intrinsic dipole”. Were there no tryp- 
tophan bound, a likely place for the side chain of Arg 84 would 
be the site of the ligand’s a@-amino group. Although the 
heterocyclic N-1 of the indole ring may hydrogen bond to the 
DNA backbone through a water molecule, the charged func- 
tional groups of L-tryptophan do not appear to make direct 
contact with the operator. This assumes, of course, no major 
reorientation of the tryptophan ligand in the repressor/ operator 
complex. The stereochemical details of tryptophan’s activating 
role await the completion of current work on the crystal structure 
of the unliganded aporepressor and the inactive pseudorepressor 
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CGTACTAGTTAACTAGTACG 
GCATGATCAATTGATCATGC (5') 


in which L-tryptophan is replaced by analogues such as indole 
propionic acid that contain no œ-amino group’. 


Amino acid changes due to trpR mutations 


Kelly and Yanofsky’” have identified nine different nonsense 
mutations in trpR. Those occurring up to codon position 19 are 
simple recessives that presumably form short and completely 
nonfunctional peptides. A stop signal at position 68, however. 
produces the strongest of a class of negative complementing 
mutants, whose trpR translation product presumably forms inac- 
tive or weakly repressive hybrid dimers with the wild-type sub- 
unit. Figure 2 shows how the amino-terminal three helices are 
sufficient to stabilize a dimer when the opposing subunit is 
normal. Note that polypeptide segments in the environment of 
helices A, B and C are provided mostly by the opposing subunit. 
Thus, the tertiary structure of the first 62% of the polypeptide 
would appear capable of folding since almost all of its tertiary 
structural interactions are provided by the opposing subunit. 
This presumably allows a truncated polypeptide to form a stable, 
properly folded domain with an adequate intersubunit interface. 

Figure 4a shows that the positions of changes in the polypep- 





used by niggative complementing missense mutations are 
ed on the surface of the repressor stretching from the 
irn-helix. region of one. subunit to that of the other. 
tations occurring at codon positions 78, 80, 81 and 83 appear 
disrupt critical recognition contacts with the operator’s deep 
yove. Mutations at codon positions 44, 47, 54, 81, 84 and 85 
'hange amino acids that surround the tryptophan binding site 
and may affect the mechanism by which the binding of L- 
‘yptophan triggers repressor activity. 

Kelly and Yanofsky"® also found ‘super repressors’ with muta- 
ional changes at codon positions 13, 18, 49 and 77 that exhibited 
ubstantial repressor response to the tryptophan even when the 
cells were almost starved for tryptophan. These altered amino- 
acid side chains face the operator as do the changes in the 
negative complementing missense mutants discussed above (Fig. 
4b). In three of the four super repressor mutants Glu is converted 
to Lys. These changes are distributed in a surface region close 
‘to but not necessarily contacting the more central sequence- 
independent portion of the operator. In one mutant, Ala 77 is 
replaced by Val in the turn of the helix-turn-helix region. It is 
q a gs that then more Aa hata sch residue, Val, is paee 


rown, KD & Yanofeky,C. ia molec. Biol, 145, 47~73 (1981). 
Proc. nain. Acad.. Sei USA. 79, Pera a 


os, “Fig. s “Schematic representation of the trp repressor/ 
_ operator interaction, The same complex as modelled in 
. Fig. 4 except that the interaction is simplified by rep- 
-resenting the repressor helices as cylinders and the DNA 

_ by a helical ladder in which the sides are the deoxyribose 
phosphate backbone and the rungs are the base pairs. 


of the molecule. What can be seen of the N-terminal segments 
is folded back along the A helices (Figs 1, 5). If these N-terminal 
segments were freely mobile, model building shows that they 
could wrap around the DNA duplex and interact with the ‘side’ 
and possibly the ‘back’ of the operator. Evidence that this may 
occur comes from methylation protection experiments” that 
show repressor protects the minor groove region on the back of 
the operator duplex. A similar situation has been observed for . 
the amino terminus of the A repressor where chemical protection 
studies suggest that a structurally ill-defined amino-terminal 
segment wraps around the operator”. 
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A survey for short-period pulsars 


G. H. Stokes", J. H. Taylor*, J. M. Weisberg*t 
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Princeton University, Princeton, New Jersey 08544, USA 
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Northfield, Minnesota 55057, USA 
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All extensive pulsar surveys to date’* have had sensitivities that 
deteriorate rapidly for periods P shorter than a few-tenths of a 
second, and none of them has had any appreciable sensitivity for 
P<W0 ms. For this reason, the unexpected discovery of two mil- 
lisecond pulsars®’ raised the question of the possible existence of 
a large population of very short-period pulsars, previously over- 
looked because of bias in the surveys. In an attempt to remove 
this bias, we have carried out an extensive new survey sensitive to 
pulsar periods as short as 4 ms. The search covered ~3,725 square 
degrees, mostly at galactic latitudes |b| < 15° and longitudes 15° < 
{<230°, with a sensitivity of 2-100 mJy depending on period, 
dispersion measure, and sky background temperature. We detected 
87 pulsars, including 20 new ones, but found none with P< 100 ms. 
We conclude that the Galaxy does not contain a large population 
of pulsars with 4< P< 100 ms, unless their radio luminosities are 
substantially less than those of slower pulsars. 

Our work, a continuation of the Princeton-NRAO pulsar 
survey’, was carried out with the 92-m telescope at Green Bank, 
West Virginia at a frequency of 390 MHz. At this frequency the 
telescope half-power beamwidth 1s 0.6° and the system noise 
temperature is 30 K, excluding sky background in the forward 
direction. We observed 14,195 distinct beam areas, of which 
10,099 were at galactic latitudes |b]|< 15°, where most known 
pulsars lie. Each beam area was observed for 2.2 min. Signals 
from two orthogonally polarized feed antennas were amplified, 
converted to intermediate frequency, and passed through a filter 
bank spectrometer that provided 32 adjacent frequency chan- 





Table 1 Parameters of 20 newly discovered pulsars 


P DM S 
PSR è a(1950) 8(1950) (s) (cm pe) (mJy) 
0113+58 Olh 13min 58° 49 0,10143742 4928 52 
0144+59 01 44 59 20 019632142 4048 36 
0609+37 06 09 37 O1 029798244 2527 3.1 
1716-16 17 16 -16 28 1565544 43+10 69 
1726+00 17 26 00 02 0386003 39211 5.2 
1740-14 17 40 14 00 0405342 128215 43 
1759-04 17 59 -04 00 0,92148+3 106420 191 
1802+03 18 02 03 06 O,2187141 75#11 45 
1804-12 18 04 -12 00 0,5227642 120260 43 
1811+02 18 11 02 29 07938942 104220 5.1 
1847+13 18 47 13 28 0345544 S7H15 45 
1849+12 18 49 12 57 12052942 70215 45 
1858+01 18 58 Of 57 O.288218+2 9328 96 
1902-00 19 02 -00 57 0.643182 248420 124 
1931+24 19 31 24 15 08136842  89+20 80 
2001+40 20 01 40 54 0,9050642 160430 221 
2012+38 20 12 38 23 023019%4 254440 49 
2028+37 20 28 37 23 12168143 217435 103 
2035+19 20 35 19 53 20743743 38425 24 
2053+21 20 53 21 52 08151842 49420 56 


Position uncertainties are 0 3° in each coordinate, period uncertainties 
refer to the last digtt quoted, and flux densities are uncertain by ~30% 
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Fig. 1 Periods and flux densities of the 87 pulsars detected in this 

survey @, newly discovered pulsars, O, previously known pulsars 

The approximate sensitivity of the survey is shown for dispersion 

measures <60cm™ pc and ~200cm™ pe. For comparison, A 

denote the periods and flux densities of the five fastest radio pulsars 
known 


nels, each of bandwidth 0.25 MHz. The orthogonally polarized 
signals at each frequency were detected, summed, smoothed 
with a 2.2-ms time constant, and sampled at 2 ms intervals. 
Recognizable interference and slow variations in signal level 
were removed by an online computer before the data were 
transferred to magnetic tape for later analysis. With a coarse 
quantization of three bits per sample, the survey data occupied 
more than 1,000 computer tapes. 

The 2.2-min observation of a given beam area consisted of 
65,536 samples from each of the 32 frequency channels. Data 
were processed using a two-dimensional Fourier transform tech- 
nique"? to search for dispersed, periodic signals. With a dedi- 
cated computer equipped with a fast floating-point array pro- 
cessor, the required processing time was ~6 months. Twenty 
new pulsars were discovered and confirmed, and 67 previously 
known ones were detected one or more times. In Table 1 we 
present the coordinates, periods, dispersion measures DM, and 
approximate flux densities $ of the new pulsars. Figure 1 illus- 
trates the distribution of all 87 pulsars with respect to period 
and flux density. Complete results of the survey will be published 
elsewhere (G.H.S et al, in preparation). 

We measured the sensitivity of the survey by injecting periodi- 
cally-pulsed calibration noise into the receiver front end and 
subjecting the recorded data to the usual analysis procedure. 
Because the calibration signals were not dispersed, this test 
accurately simulated pulsars with DM <60 cm™? pe (for which 
the smearing across a single 0.25-MHz channel ts less than the 
post-detection time constant of 2 2 ms), We found the measured 
sensitivity and its dependence on period to be in satisfactory 
agreement with theoretical expectations”. The calibration 
measurements are summarized by the solid curve in Fig. 1, 
scaled to a sky background temperature of 60 K. We also calcu- 
lated the expected degradation of sensitivity as a function of 
dispersion measure, the result for DM = 200 cm™ pc ıs shown 
by the dashed curve in Fig. 1. 

Our main purpose here is to document the fact, revealed in 
this survey, that pulsars with P< 100 ms are uncommon. For 
comparison purposes we plot in Fig. 1 the flux densities and 
periods of all five known pulsars with P < 100 ms. Our survey's 
sensitivity was sufficient to detect pulsars like the luminous Crab 
and Vela objects at distances as great as 8 kpc. (Neither of these 
pusars was actually in the region searched, but the Crab pulsar 
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was detected easily when we observed it intentionally and carried 
out the normal search procedure.) Pulsars 1953+ 29 and 1913+ 


16 are slighly below our detection threshold, but pulsars like - 


them could have been detected at distances <2 and 4kpc, 
respectively. 

Figure 1 shows a conspicuous lack of detectable pulsars in 
the period range 4-100 ms. At most a few per cent of pulsars 
in the regions surveyed can have periods in this range and flux 
densities above our detection threshold. The number of short- 
period pulsars to be expected depends, of course, on one’s 
preferred evolutionary model. The model of Gunn and 
Ostriker'®'! predicts few fast pulsars in any flux-limited sample, 
even if all pulsars are born with short periods, because the fast 
ones quickly spin down to P2=0.3s while their luminosities 


remain essentially unchanged. Such a model would be in good _ 


agreement with our survey results, except that there exists 
increasingly persuasive evidence that the radio luminosities of 
pulsars are inversely correlated with period! Hence is is 
surprising that short-period pulsars, which tend to be the most 
luminous, have not been discovered in greater numbers— 
especially in the present relatively unbiased search. This result 
requires that many pulsars must be ‘injected’ into the 
population !™!®!6 with P=0.5 s. We are now inclined to take this 
view seriously. 

Other evidence has been accumulating which suggests that 
fast pulsars of a different class from the Crab and Vela type are 
formed when neutron stars in binary systems are spun up by 
the accretion of mass and angular momentum from an evolving 
companion star'*?*, In particular, it seems likely that certain 
binary X-ray sources, especially those of the ‘galactic bulge’ 
type, may become millisecond radio pulsars when the accretion 
phase is over”. Although we did not find any such pulsars, our 
survey does not contradict the idea because the volume of the 
Galaxy surveyed is still rather small and does not include the 
inner portions where most of the bulge-type X-ray sources lie. 
The expected period of a newly spun-up pulsar depends on its 


magnetic field'?; neutron stars which still possess fields of 


=10!? G may become the ‘injected’ pulsars with P ~ 0.5 s, while 
those whose fields have already:decayed to ~10° or 10° G may 
spin up to periods in the range 1-10 ms, where no survey has 
yet been done with appreciable sensitivity. It appears that full 
understanding of rapidly rotating pulsars will require surveys 
sensitive to periods as short as ~1 ms and dispersion measures 
up to ~300cm™?’ pc. We will discuss these conclusions more 
fully elsewhere. 

We thank David Segelstein for assistance with software 
development, the Green Bank staff of the National Radio 
Astronomy Observatory for support, and the NSF for financial 
aid. 
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Liouville’s theorem and 
the velocity field of galaxies 


A. R. Rivolo 


Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, 
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Did the large-scale distribution of matter in the Universe evolve 
by a dissipationless process (such as hierarchical clustering) or is 
it the result of a strongly dissipative event (such as the ‘pancake’ 
scenario)? If the distribution of galaxies in the Universe can be 
treated as a dissipationless fluid, then an application of Liouville’s 


' theorem predicts a linear relationship between the observed galaxy 


density and the cube of the velocity dispersion as measured at any 
point in space. Evidence from existing cluster data is presented 
here which supports this hypothesis. 

In any Friedmann-Robertson-Walker (FRW) cosmology, if 
the matter distribution (galaxies) is treated as a dissipationless 
fluid, then its phase-space is subject to the constraints imposed 
by Liouville’s theorem; that ‘is, the phase-space density must 
remain constant in time. An immedite result of this statement 
is that in the absence of any density structure, the velocity 
dispersion of the matter distribution must decay according to 
olv) R(t), where R(t) is the scale factor of the FRW cos- 
mology, and o(v) is the velocity dispersion. 

If structure is allowed to develop during the expansion, the 
velocity field of the matter must remain coupled to the local 
density. A trivial application of Liouville’s theorem then predicts 
that: 


1/3 
f o(o) = o 1+) (1) 


where o(v) is the velocity dispersion of the matter at the point 
where the density contrast, 6p/p = 6, is measured, and go is the 
velocity dispersion where the contrast is zero (field dispersion). 
The highly textured density structure of the Universe offers an 
ideal place at which to make many local measurements. Par- 
ticularly suitable for this task are rich clusters and small groups 
of galaxies. 

Using the original counts and radii of Abell’ to estimate 
density contrasts, and the compilation of Struble and Rood*” 
for velocity dispersions, 43 clusters can be found for which both 
density and velocity information exist. For low-density clusters 
the data on small groups of galaxies by Geller and Huchra‘ 
were used to determine a median datum. The density of each 
cluster was estimated by assuming that the Abell counts are 


1500 


ln 1,000 
E 

es 

= 

b 500 





0 10 20 30 40 
(1 + 64 


Fig. 1 Scatter plot of cluster velocity dispersion against the cube- 

root of the central density contrast for all clusters in Table 1 with 

radii <3.0 Mpc. The solid-squares data point is the median for the 
small groups of Geller and Huchra. 
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distributed within a sphere of the quoted radius. A density 
contrast was then found using the mean background galaxy 
density predicted by the general luminosity function of 
galaxies*”’. Explicitly, the density contrast is taken to be: 


(gr) 
$r R? 


tO = TM. (M) dM 


(2) 


with M = (myo+ 1.5) —5 log (cz) +5 log (Hp) -25 (3) 


where mo is the magnitude of the 10th brightest galaxy in the 
cluster as given by Abell’. The value m,)+1.5 is an estimate, 
based on the adopted luminosity function, for m, +2, which 
was Abell’s criterion for his counts. The counts (N) and the 
radii (R) in which the counts were made, are from unpublished 
data taken from Abeil’s original compilation (R. Ciardullo, 
personal communication). The adopted luminosity function is 


@(M) = 1.5(10)73 X84 e-* 
X =10°4(-209-M) (4) 


(A value of Hy =50kms7' Mpc™ is used throughout this dis- 
cussion, however, the density contrast is independent of this 
value.) Table 1 lists the cluster data used in the analysis. Figure 
1 shows a plot of o{v) against (1+ ô)! for all clusters in Table 
1 with R<3.0 Mpc. Typical horizontal error bars may be as 
large as factors of 2. Errors in the velocity dispersion are con- 
siderably smaller. The restriction on the maximum radius was 
imposed to remove points with artificially low density contrast, 
which result when counts are divided into the maximum radius 
(averaging). For large clusters the data extend well beyond the 
Cluster core where the velocity dispersion was determined, and 
where the contrast is constant. By imposing an upper limit to 
the radius of a usuable cluster, a more accurate estimate of peak 
density contrast results. The solid-square data point represents 
the median for the Geller and Huchra groups. The median is 
plotted rather than the entire catalogue, as the catalogue suffers 
from severe background/foreground contamination and projec- 
tion effects, whereas the median is a reliable representative 
measure for the groups. 

The paucity of data points in Fig. 1 and the large scatter is 
disappointing, but the trend is clear. Rather than doing a linear 
regression on these data, an envelope has been drawn. The 
slopes of the two solid lines are 21 kms’ and 88km s`! 
respectively. These data are consistent with a value of o)= 
‘50kms7'. This value for the field galaxy dispersion, low by 
many estimates®~!!, is consistent with others'*’*. All of these 
measurements are, to some extent, contaminated by inclusion 
of data taken in regions where ô> 1. It may indeed be the case 
that To ad 0. 

More important than the numerical value of the slope of 
equation (1) is its linearity. This linearity can be interpreted as 
evidence in support of a dissipationless scenario for the evol- 
ution of density structure, and the applicability of the Liouville 
theorem to the process. It is expected in this, as in any dissipa- 
tionless process, that the Liouville theorem provides only an 
upper limit to the phase-space density. It may be argued that 
real clusters have experienced considerable diffusion in phase- 
space, resulting in velocity dispersions which are larger than 
the limiting value. If such is the case, the value of oo derived 
from equation (1) is only’an upper limit. This is an important 
point, as most estimates of o> claim values considerably larger 
than the 50 km s~' found here. Significant phase mixing may 
indeed be the case in the cores of some clusters, but many 
clusters appear to be only a few dynamical timescales in age. 
As the diffusion timescales are typically a few times longer than 
the dynamical times in the most violently relaxing systems 
(Lynden-Bell'*), and much longer in more’sedate systems, most 
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Table 1 Cluster data ’ 
ao(v) R 
Cluster z 8 (km s~') N (Mpc) Mo 
A98 0.1053 2,750 829 185 3.08 16.9 
Al54 0.0658 1,850 862 66 1.54 17.6 
A168 0.0520 850 581 89 3.55 15.4 
A194 0.0178 1,300 435 37 1.74 13.9 
A262 0.0161 450 433 40 2.83 13.3 
A272 0.0877 6,250 691 52 1.37 168 
A347 0.0193 1,900 586 32 1.88 13.3 
A397 0.0325 300 447 35 2.86 15.1 
A399 0.0714  3.5(10}' 864 57 112 15.6 
A400 0.0231 1,550 242 58 2.26 13.9 
A401 0.0746 6.050 1,349 90 2.48 15.6 
A426 0.0183 450 1,308 88 6.08 12.5 
A576 0.0392 6,350 1,211 61 1.91 14.4 
A754 0.0519 550 1,191 92 4.56 15.2 
A779 0.0226 1,350 755 32 1.99 13.8 
A1060 00111 300 786 50 3.25 12.7 
A1213 0.0474 1.010% 549 51 1.85 145 
A1314 0.0340 9,750 701 44 1.66 13.9 
A1367 0.0215 900 832 117 3.78 13.5 
A1377 0.0509 1,400 358 59 1.79 16.6 
A1452 0.0613 -5,550 514 46 1.56 15.7 
A1656 0.0232 50 880 106 10.28 13.5 
A1775 0.0695 900 1,522 92 4.07 15.7 
A1795 0.0620 7.700 778 115 1.70 16.0 
A1904 0.0708 7,800 803 83 2.07 15.6 
A2029 0.0767 4,250 1,430 82 2.25 16.0 
A2052 0.0345 4,100 448 41 135 15.0 
A2065 0.0722 4,400 1,070 109 2.82 15.6 
A2142 0.0903 2,150 1,098 89 3.53 16.0 
A2147 0.0356 5,400 1,148 52 2.43 13.8 
A2151 0.0371 3,300 887 87 3.62 138 
A2152 0.0374 1,950 1,244 60 3.87 13.8 
A2197 0.0303 450 352 73 4.73 13.9 
A2199 0.0303 550 808 88 473 13.9 
A2247 0.0392 2.350 370 35 1.53 15.3 
A2250 00654 3,200 729 52 1.53 165 
A2255 0.0769 1,800 1,222 102 4.96 15.3 
A2256 0.0601 350 1,257 88 5.87 15.3 
A2319 0.0528 1.210) 854 68 1.34 15.4 
A2589 0.0414 9,300 602 40 1.05 15.3 
A2634 00312 2.510% 899 52 1.22 13.8 
A2666 0.0265 350 261 34 3.62 13.8 
A2670 0.0745 1,550 1,070 142 4.36 15.7 


clusters are not expected to have experienced significant phase 
mixing. 

The purpose of this letter is not to present incontrovertible 
proof of its naive hypothesis, but rather to stimulate interest in 
it. Many unpublished data on density and velocity dispersions 
of clusters are in the hands of researchers in the field. With a 
concerted effort, it should soon be possible to reconstruct Fig. 1 
with considerably improved statistics. The validity of equation 
(1), if firmly established, would provide needed constraints on 
the evolutionary scenarios proposed for the growth of density 
structure in the Universe. 
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The frequencies of solar oscillations can be measured with extreme 
precision and 5-min oscillations reveal the internal structure of 
the Sun’~*. In particular, measurements of rotational splitting 
have provided the first reliable indications‘ of the variation of 
angular velocity with radius®, while recent observations” have 
yielded information on the variation with depth of latitudinal 
differential rotation. These results confirm theoretical predictions 
that the angular velocity decreases inwards in the convective zone” 
but raise problems for dynamo models of the solar cycle. The 
suggestion that the core rotates with roughly twice the surface 
angular velocity has important implications both for the rotational 
history of the Sun and for other late-type stars, whose magnetic 
‘activity is closely correlated with rotation. Such a rapidly rotating 
core is hard to reconcile with the presence of any significant 
magnetic field pervading the entire radiative interior. We can only 
explain it by suggesting that the core contains a fossil field, 
unaffected by turbulence in the pre-main sequence Hayashi phase, 
that is decoupled from the rest of the star. 

The solar angular velocity, 0, is a function of radius r and 
latitude, but rotational splitting of the frequencies of sectoral 
harmonics is weighted towards the equatorial rotation rate*~®. 
At the surface (r= Ry), @=2.90x 10° rad s7'; Duvall et al 
inverted the data showing that, immediately below the photo- 
sphere, Q increases by 5-10%, before decreasing to a value 
slightly less than Q. For most of the convective zone (0.9> 
r/ Ro> 0.7) there is no significant variation in Q. In the outer 
part of the radiative zone (0.7> r/R > 0.5), Q drops gradually 
to ~0.9 QO». The inner part shows more structure. There is an 
apparent local maximum of Q around r=0.35Rp, followed by 
a dip and a steep rise to the core (r<0.2Ry). At r=0.15Ry they 
find that Q 20», and the angular velocity could continue to 
increase towards the centre of the Sun. Preliminary analysis’ of 
two-dimensional solar velocity images yields good qualitative 
agreement with these results, indicating also that the latitudinal 
differential rotation in the interval 0.7>r/R)>0.3 is much 
smaller than that observed at the surface. 

Numerical simulations of convection, in the Boussinesq’ and 
anelastic? approximations, predict that Q should be constant on 
cylindrical surfaces through much of the convective zone, so 
that o0/dr>0 at the equator—results broadly consistent with 
observations. In mean field dynamo models, dynamo waves 
propagate in a direction determined by the sign of aaQ/ar, 
where a is proportional to the helicity. Within the convective 
zone, waves would propagate poleward, contrary to observa- 
tion®”. This supports the idea that the field is generated in a 
shell at the interface between the radiative and convective 
zones'*"!3, At that level, a may change sign”? or a0/ar may be 
negative. In any case, the required variation in 2 is too small 
to be detected in the observations. Thus, although most dynamo 
models assume a radial variation of Q at odds with the observa- 
tions, there is no fundamental conflict. 

On the other hand, the deduced behaviour of Q in the radiative 
zone cannot be explained so readily. Consider first the existence 
of an isolated local maximum of Q within the radiative zone. 
This seems incompatible with theory. The bump in 2 at r= 
0.35R, depends on the enhanced splitting for spherical har- 
monics of degree [=11, which has been confirmed by two 
independent measurements“. We have no adequate explanation 
for this splitting. It might be transient; alternatively, it could be 
a by-product of the daily observing windows (J. W. Harvey, 
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Fig. 1  Iso-rotational surfaces in the solar convection zone and in 
the outer part of the radiative zone. The dashed line indicates the 
base of the convective zone. The tendency to constant rotation on 
spheres for r/Rg<0.7 predicted by our model is in qualitative 
agreement with the results reported by Brown’. 


personal communication) or a consequence of convection in 
giant cells, with horizontal dimensions comparable with the 
depth of the convective zone, but it is not clear how either 
mechanism could have such a marked effect. — 

Disregarding the bump, we may describe the radial variation 
of Q in the radiative zone as solid body rotation (to within 
~10%) down to r=0.2Ro, with a steep increase to roughly 20, 
at the centre. This sudden gradient is difficult to understand. 
The Sun has presumably been spun down by solar wind torques 
for at least its main sequence lifetime, and these torques act 
directly on the outer layers of the convection zone. Since the 
results of Duvall et al. show little if any differential rotation 
between the bottom of the convection zone and the outer radia- 
tive zone, there must be mechanisms that (1) enforce virtually 
rigid rotation from r~0,.2Ry to r=0.7R,, and (2) couple the 
outer radiative and convective zones sufficiently well to mix 
angular momentum on the timescale for significant magnetic 
braking by the solar wind. 

Consider the first of these two constraints. The timescale for 
Ekman spin-down seems too slow’, Could angular momentum 
be transferred by hydrodynamic instabilities? The ABCD in- 
stability, for which a marginally stable rotation curve has been 
derived'’, has the lowest threshold of any of the diffusive hydro- 
dynamic instabilities. However, the rotation curve deduced from 
the observations is extremely stable for 0.2<r/R)<0.7, and 
hence such instabilities cannot be invoked in this region’®. But 
magnetic fields are extremely efficient at transferring angular 
momentum", In a perfectly conducting fluid, differential rota- 
tion generates an azimuthal field from a radial field By and the 
Lorentz force exerts a torque that reduces the shear in angular 
velocity. The timescale 7 for restoring rigid rotation is the Alfvén 
transit time ra = r/v,, where the Alfvén speed va = Bal4rpy 
and p is the density. For a (modest) field of 1 G, ra = 10° yr; to 
retain a rapidly rotating core for 3 x 10° yr, an implausibly small 
value of By~3x10°G (equal to the interstellar field) is 
required. The value of r would be reduced if the azimuthal field 
were unstable on a timescale 7, that was significantly shorter 
than 7a, but to have r= 10° yr with B,=0.1 G would require 
7,10 yr, which seems extremely short. Theoretical arguments, 
therefore, imply that the radiative core should rotate rigidly 
both in radius ‘and in latitude. ‘ 

As for the second of these constraints, the presumed magnetic 
field in the radiative zone must be decoupled from the oscillatory 
field associated with the solar cycle, and so cannot transfer 
angular momentum between the radiative and convective zones. 
Instead, we suppose that the outer part of the radiative zone is 
hydrodynamically coupled to slowly rotating regions at high 
latitudes. The resulting equatorial acceleration diminishes with 
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decreasing radius until, by r=0.5Ro, the angular velocity is 
constant on. spherical surfaces.’ Thus, contours of Q should look 
as sketched irn Fig. 1, which resembles the results obtained ‘by 
Glatzmaier® with different lower boundary conditions, and may 
be slightly modified in. detail, but ‘not in gross: structure, by 
detailed inversions of the obsetvations reported by Brown’. Such 
non-uniform rotation will drive a meridional circulation which 
may affect abundances of Li and Be. 

Thé above considerations argue against the existence of a 
rapidly rotating core. In what follows we take as,réa] the increase 
in © for r <0.2R, derived from the splitting of the lowest degree 
modes, with /= 1 (ref. 4), and try to explain it. The large-scale 
field that pervades the outer radiative zone cannot also thread 
the inner core; transport of angular momentum outwards would, 
as we have argued above, lead to virtual ‘solid body rotation. 
This implies that the core (containing 30% by mass) was not 
mixed with the rest of the radiative.zone at any time while the 
large-scale field was present in the outer radiative’ zone. As this 
magnetic field was either brought into the star during protostar 
formation, or generated by a dynamo once the protosun became 
convective and started to descend the Hayashi track, we con- 
clude that the Sun was never fully convective. 

In numeérical studies of spherical collapse, the point ee a 
protosun joins the Hayashi track depends on the duration of 
the accretion ‘phase, which in turn depends on the initial condi- 
tions. If the initial state is centrally condensed, the protosun is 
fully convective”? . Models starting with a homogeneous gas 
cloud, which collapses owing to the Jeans instability, lead to a 
convective zone that includes somewhat more than the outer 
50%, by mass*”!. It has been argued that the position of the 
temperature , maximum in the interior of a protosun does not 
remain at the centre, but migrates outwards owing to surface 
heating of the collapsed core by accreting matter from a disk”. 
As a result, deuterium starts to burn ina spherical shell enclosing 
~20% of the’ mass; within this radius, no convection can occur. 
The evolution of a rotating magnetic protostar is bound to be 
even more complicated”. 

The existence of a rapidly rotating core, nevertheless, implies 
that in pre-main sequence evolution, convective mixing affects 
only the outer layers of what will eventually become the radiative 
zone of the main sequence star. The inner core, which should 
retain flux from the primeval field, is then magnetically de- 
coupled from the rest of the star. As the star evolves, the core 
is constrained to rotate uniformly by this fossil field, but need 
not have thé same angular velocity as the outer radiative zone. 
Measurements of the rotational splitting of solar p-modes may 
therefore, reveal details of the pre- main, sequence evolution, of 
the Sun. 

Thus, we can construct a plausible account of the rotational 

history of the Sun, which is summarized in Fig. 2. Unless there 
is a wide spread in initial angular momentum of solar-mass 
protostars’*”*; the variation, of the surface rotation rate, Q(t), 
at the équator with age can be derived from the measured 
projected rotation velocities of G stars in the Hyades**”, a 
Pleiades and æ Persei**, as well as of pré-main sequence stars?’ 
T Tauri stars „Which lie on the Hayashi track) are relatively 
slow rotators”*, but contract as they approach the main sequence 
and, because the timescale for angular momentum loss due to 
stellar winds excéeds that for contraction, their angular velocities 
increase. Having descended to the main sequence, these stars 
apparently spin down rapidly during the next ~3 x 10° yr and 
are then more gradually braked. 

A shell enclosing 95% of the total ‘mass Sucre: to r= 
0.5 Ro for the present Sun, so we expect the angular velocity to 
be independent of latitude and equal‘to ~0. 9, (see Fig. 1). 
The rotation curve for this shell should lie just below that for 
the surface throughout the Sun’s lifetime on the main sequence. 
When the Sun arrived on the Hayashi track, ~10° yr after the 
initial collapse, the outer convective zone contained 70% of the 
mass. Hence, we would expect the angular velocity on this shell 
to vary with latitude, with an equatorial value that is rather less 
than 0.90.. 
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Fig. 2 The solaio of the rotation rate in the interior of the 
Sun, from the time when it evolved onto the Hayashi track’ until 
the present. The three curves show the equatorial angular velocity 
at the surface, Q, (solid line), on the spherical shell containing 
95% of the.mass ‘(dotted line), and at the boundary of the inner 
core, ‘containing 30% of the mass (dashed line). For the present 
Sun these correspond to r/ Ry = 1.0, 0.5, and 0.2 respectively. The 
maxima coincide with the arrival of the Sun on the zero age main 
sequence, 


Finally, we ċome to the inner core containing 30% of the 
mass of the present Sun, which now rotates at twice the surface 
rate. Despite this relatively rapid rotation, the core cannot be 
fully isolated from the remainder of the Sun; if its angular 
velocity were to réflect that of the primordial Sun, the Sun would 
have been an abnormally slow rotator when at the age of 
similar-mass Stars in, for example, the Hyades**”’ or Pleiades” 
Hence, the core must have lost angular momentum since the 
Sun arrived on the main sequence. Now the radial gradient of 
© deduced for the present Sun is sufficiently steep around 
r=0.2R, for (slow) mixing by hydrodynamic instabilities to 
occur. At this radius there’ are significant y-gradients, which 
have a strong stabilizing effect, especially for magnetic buoyancy 
instabilities. However, the ABCD instability" is unaffected by 
such gradients (because the associated motions are largely 
horizontal) and so provides a mechanism for slowly transferring 
angular momentum while maintaining the magnetic isolation of 
the inner core. The latter occurs because,-as the core magnetic 
fields are mixed in at the inner (core) boundary of the angular 
momentum mixing layer, the extreme efficiency of magnetic 
torques ensures that this inner boundary and the core come 
rapidly into co-rotation. Hence, the core de-spins not by a 
gradual reduction of the angular velocity gradient around 0.2Ro, 
but rather by a gradual outward movement of the shear zone, 
coupled. with’a slow decrease in the jump in angular velocity 
as the core’s angular momentum drops; thus magnetic fields 
need not mix throughout the shear zone. In that case, the core 
must have rotated at about twice the surface rate during most 
of the Sun’s lifetime on the main sequence. 

The, variation of Q with radius on the Hayashi track may 
depend on details of magnetic braking during the accretion 
phase”. We suppose, however, that the inner core was linked 
to the convective envelope in much the same way as the outer 
radiative zone is now linked to the convective zone. Then the 
core would have rotated at a rate of ~0.80,. As the Sun 
approached the main sequence, developing a strong central 
condensation, the core would have spun up relative to the 
exterior. On the zero age main sequence, therefore, the core 


“must have rotated at more than twice the surface rate, before 


being rapidly decelerated by mixing instabilities at its outer 
boundary. This also implies that the magnetic fields linking the 
inner core to the convective envelope during most of the Hayashi 
contraction must have decoupled as the strong central condensa- 
tion formed on the approach to the main sequence (possibly 
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through buoyancy instabilities of the strongly amplified fields 
in the shear layer separating the contracting core from the rest 
of the star). Thus we are led to the qualitative picture of spin 
down in the solar interior shown in Fig. 2. This differs sig- 
nificantly from the curves obtained by Endal and Sofia*’, who 
assumed that angular momentum was transferred by mixing 
instabilities in the solar interior, so that a9/ar was always 
negative. An alternative theory”’ suggests that the rapidly rotat- 
ing core developed while the Sun was on the main sequence, 
as a result of an oscillatory instability’? which redistributed the 
angular momentum. 
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The first cellular systems to appear on the Earth were presumably 
assembled from three molecular species: information-storing 
molecules capable of replication, enzyme-like catalysts struc- 
turally encoded by that information and able to enhance replication 
rates, and boundary-forming molecules which could encapsulate 
the system represented by the first two molecular species. Encapsu- 
lation would provide a microenvironment conducive to interaction 
of the molecular species involved, and would further serve to 
differentiate such systems according to their reproductive success, 
Boundary structures could also provide permeability properties 
useful for the directed transport of nutrient molecules required 
for growth and replication. The experiments reported here focused 
on non-polar molecules extracted from carbonaceous chrondrites. 
Such molecules represent plausible models for the mixture of 
organic substances present on the early Earth. We found that 
certain components in the extract have physical properties which 
lead to the formation of boundary structures. 

Considerable progress has been made toward establishing 
plausible models for replicating molecules and their interaction 
with catalytic molecules in the prebiotic environment™ ^. Less 
_is known about mechanisms by which such systems could be 
encapsulated to form the first cells. Previous investigations”? 
demonstrated that phospholipids can be assembled under simu- 


lated prebiotic conditions, to form membranous vesicles. Even. 


relatively simple lipids like fatty acids and other single-chain 
amphiphiles are able to assemble into membranes under certain 
conditions®®. Despite the success of these simulation experi- 
ments, it is not clear that molecules available on the early Earth 
would have properties required for self-assembly into encapsu- 
lating membranes. 

Carbonaceous chondrites are useful in approaching such 
questions. These meteorites contain significant amounts of car- 
bon, ranging around a few per cent by weight, and are apparently 
derived from larger planetesimals which underwent physical 
and chemical transforming processes ~4,500 million years ago. 
A major fraction of thé carbon content is present as organic 


compounds. These can be treated as plausible models of organic 
mixtures produced on the primitive Earth by geochemical pro- 
cesses or by late infall of meteoritic material. Aliphatic and 
aromatic hydrocarbons, monocarboxylic acids, amino acids and 
other biologically significant molecules have been convincingly 
demonstrated in such meteorites, and their isotope COMPOR 


precludes a terrestrial origin'™ 112, 


The present investigation assumed that organic compounds 
typical of those found in carbonaceous chondrites were in con- 
tinuous interaction with early lakes and oceans. The experiments 
were directed toward determining whether any of the com- 
ponents were capable of self-assembly into boundary structures 
under such conditions. As boundary structures in aqueous 
environments are typically produced by non-polar compounds, 
carbonaceous chondrites were first extracted in solvent-systems 
which would be expected to solubilize such compounds. Samples 
of the Murchison and Allende meteorites, both as powders and 
as solid material, were given by Dr Sherwood Chang, NASA 
Ames, Moffet Field, California. The Murchison chrondrite is 
relatively rich in organics, while the Allende chondrite-has little 
organic content and therefore served as a control for possible 
contamination introduced by the extraction procedure. The 
powders were extracted under conditions in which both polar 
and non-polar phases were present in order to permit partition- 
ing of organic components between the two phases (see Fig. 1 
legend). 

Aliquots of a chloroform extract were analysed by infrared 
and ultraviolet spectrophotometry, acid-based titration, and 
light microscopic methods using a Zeiss epifluorescence micro- 
scope. A Wilhelmy surface balance (Cahn recording electrobal- 
ance and platinum plate) was used to obtain surface pressure 
isotherms. 

The non-polar extracts had a distinct yellow colour when 
dissolved in chloroform, and were fluorescent, with excitation- 
emiission peaks at 395 and 475 nm, respectively. It was important 
to show that this material was indigenous to the meteorite, and 
not introduced by the extraction process. The presence of 
fiuorescent’ organic components in the interior of the Orguell 
chondrite had been demonstrated previously by Alpern and 
Benkheiri’*. To determine whether similar components were 
present in the Murchison material, surfaces of a 0.8-g solid 
sample were examined immediately after fracture, and after 
gentle smoothing by a diamond-coated polishing disk. Both 
fractured and smoothed surfaces showed numerous yellow 
fluorescent particles in the micrometre size range (Fig. la) as 
well as larger structures with deep red fluorescence. Only the 
yellow fluorescent particles were substantially reduced in num- 
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Fig. 1 Physical appearance of organic components of the Mur- 
chison carbonaceous meteorite. a, A solid sample (0.8 g) of the 
meterorite was first fractured, and the fracture face was smoothed 
by a diamond polishing disk. The facet was observed by epifluores- 
cence microscopy. Yellow fluorescent particles ranging from the 
limit of resolution to ~10ym were observed throughout the 
sample. 6, Non-polar components were extracted from the 
meteorite with chloroform/ methanol, and aliquots were dried on 
a microscope slide, then rehydrated with alkaline phosphate buffer, 
as described below. The non-polar components were present as 
viscous fluid droplets with numerous inclusions. The microstruc- 
ture shown is typical of extracts from 11 separate samples. The 
droplets were highly fluorescent when observed with epifluores- 
cence microscopy using blue excitation light. If the pH was reduced 
to =8, the droplets solidified and decreased markedly in volume. 
c, d, Membrane structures could occasionally be observed as 
extrusions from the droplets shown in b, but only at alkaline pH 
ranges. 

Methods. b, In typical experiments, 0.2-0.4 g of powder were stir- 
red into 2.0m! of aqueous phase, followed by 3.0ml of 
chloroform/ methanol (2:1). For extraction of solid samples, the 
samples were first crushed using a stainless-steel pestle in a heavy 
glass tube containing the aqueous phase. The mixture was then 
stirred briefly in a vortex mixer, followed by centrifugation at 500g 
for 5 min to separate the two phases. The upper phase of aqueous 
methanol was removed by pipette, and the lower chloroform phase 
was decanted from the powder. In preliminary experiments, 
~0.4 mg of non-polar material was extracted per g of meteoritic 
material at high pH ranges (>pH 10), while only one-tenth this 
amount was extracted at acidic or neutral pH ranges (pH 4-8). 
The experiments described here were carried out with extracts in 
which the aqueous phase was 0.1 M sodium phosphate, adjusted 
to pH 12 with 0.1 M sodium hydroxide. To prevent contamination, 
samples were handled with stainless-steel forceps, and all glass- 
ware was cleaned with chromic acid, washed with double-distilled 
and deionized water, then rinsed with redistilled chloroform/ 

methanol (2:1). 


ber following a brief chloroform rinse, and these presumably 
represent the in situ appearance of the organic components of 
the Muchison chondrite. Their size and distribution closely 
resembled those of the Orgueil chondrite’. 

Infrared spectra of dried samples prepared as KBr pellets 
were obtained with a Perkin-Elmer Fourier transform spec- 
trometer. These showed absorption peaks at wavelengths charac- 
teristic of C—H stretching, C—O and carbonyl stretching, and 
O—H stretching and deformation. A broad absorption between 
wavenumber 2,000 and 4,000 was also present (Fig. 2). Titration 
of the non-polar components dispersed by sonication in water 
revealed the presence of substances with pK values of 6.5 and 
9.3. These results, together with the infrared spectra, suggest the 
presence of carboxylate and phenolic groups. The C—H stretch- 
ing peaks also indicate the presence of hydrocarbons, and the 
broad absorption is characteristic of aromatic polymers. These 
results are consistent with previously published organic analyses 
of the Murchison chondrite'*'* which reported the presence of 
aliphatic and aromatic hydrocarbons, monocarboxylic acids and 
phenolic compounds. 

Aliquots of the chloroform extract were spread at air-water 
interfaces and surface-pressure isotherms were obtained. The 
non-polar components displayed surface activity, and readily 
spread to form a film which could be compressed to surface 
pressures as high as 28 dyn cm™' before collapsing. The area of 
the film ranged from 500 cm? per mg at high surface pressures 
to 4,500 cm? per mg at low surface pressures. (For comparison, 
a monolayer of a pure fatty acid such as palmitic acid ranges 
from 4,800 to 6,000 cm? per mg over the same surface press- 
ures'®.) A possible explanation for the much larger range of 
surface area for the Murchison material is that the surface-active 
components spread from a second phase that is not surface- 
active and which exists as a bulk phase at the interface. The 
results described here are summarized in Table 1. 

Many surface-active substances are also able to assemble into 
lamellar structures when they interact with aqueous phases, and 
often the lamellae produce stable membranes. Therefore, condi- 
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tions were established under which phase boundaries might be 
produced, and light microscopy was used to monitor the non- 
polar components as they interacted with various aqueous 
phases. In these experiments, 20-1 aliquots of the chloroform 
extract were dried on microscope slides, an equal volume of 
aqueous buffer was added and a coverslip applied. Under these 
conditions, the non-polar components formed yellow micro- 
structures which adhered firmly to the glass. These microstruc- 
tures were again highly fluorescent when viewed by fluorescence 
microscopy, and typically contained numerous inclusions which 
appeared to be separated from one another by relatively stable 
boundary layers that prevented fusion (Fig. 15). Because earlier 
experiments had shown that there were titratable groups in the 
non-polar Muchison components, the properties of the micro- 
structures were examined over a range of pH values. At alkaline 
pH ranges (=9), the microstructures were viscous fluid droplets. 
If an acidic buffer was used, or if the pH was lowered to <8 





Table 1 Properties of the non-polar organic components extracted 


from the Murchison carbonaceous chondrite (summary of observations 
from 11 extractions) 
Non-polar organic content 0.2-0.8 mg per g meteorite 
(11 extracts) 
Fluorescence spectrum 
(2 samples) 
Infrared peaks and tentative 
assignments (2 samples) 


Excitation 395 nm, emission 475 nm 


Wavenumber 
1,360 (O—H deformation) 
1,425 (O—H deformation) 
1,680 (C=O stretching) 
2,965 (C—H stretching) 
2,980 (C—H stretching) 
3,250 (O—H stretching) 

Surface area of film (3 samples)4,500 cm? per mg (1 dyn cm™') 

500 cm? per mg (28 dyn cm™') 


pK values (2 samples) 6.5, 9.3 
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addition of buffer at the edge of the coverslip, the droplets 
rwent a marked transition to solid phase, accompanied by 
pronounced decrease in volume. Apparently the droplets were 
hydrated gels, and when ionic charges were reduced through 
titration, the gel lost is ability to retain water and shrank. 
At high pH ranges (210) the droplets became increasingly 
fluid, In 10mH NaOH, flow resembling convection currents 
occurred in the droplet interior, and in extracts from 3 of the 
u samples this was accompanied by formation of thin-walled 
structures at the interface. Over a period of several minutes, 
-these structures. grew to form large numbers of membranous 
- vesicles and long strands which drifted away from the droplet 
_ with the flow of aqueous phase (Fig. 1c, d). The vesicles were 
clearly membranous, and had open interior volumes in which 
“brownian motion of smaller particles could be observed. The 
largest vesicles were 50 um in diameter. 

- To determine whether the vesicle boundaries were true barrier 
membranes, in some experiments the vesicles were formed in 
buffer solutions containing 1 mM 6-carboxyfluorescein as a 
_ fluorescent volume marker. The vesicles were then floated gently 
into a thin layer of Sephadex G-100 beads which were also 
enclosed under the coverslip. In these conditions, the dye was 
left behind by gel filtration, and vesicles containing the dye 
wuld be clearly observed deep in the gel layer. Apparently, the 
icles were formed from membranes sufficiently stable to 
tain carboxyfluorescein for at least several minutes. 

milar results were obtained with previously powdered 
chison material, and with solid samples that were extracted 
rding to the protocol described earlier. When the Allende 
der was extracted in parallel experiments, only a thin film 
rroduced on the microscope slide. The film was not affected 
ikaline solutions, and did not produce membranous 
rial. The aqueous methanol phase, which also contained a 
w: fluorescent substance, did not produce microstructures 
‘dried and rehydrated with aqueous solutions. 

hus, certain components present in the Murchison chondrite 
the ability to form two kinds of boundary structures at 
ne pH ranges. Microstructures in the form of viscous fluid 
ets are. produced at alkaline pH ranges; solid structures 
roduced at neutral and acidic pH ranges. In a sense, these 
lets are analogous to the original ‘coacervate’ concept of 
: n” in that they are complex mixtures of hydrated organic 
ances which form a gel. when interacting with aqueous 
ses. The droplets contain a yellow pigment of unknown 
-composition which is highly fluorescent. The photochemical 
properties of this pigment are well worth further investigation, 
it is the first pigment molecule known to be derived from 
natural abiotic syntheses in the early solar system. 

- The second boundary structure takes the form of actual mem- 
"branes, defined here as thin boundaries capable of acting as a 
barrier to free diffusion. These arise from the first structure 



















































Fig. 2 Non-polar extracts of ihe Murchison meteorite. were. é prepared 

as potassium bromide disks for infrared spectrophotometry. Spectra 

showed absorption bands at wavelengths characteristic of C—H,O—H | 

and C=O stretching, and O—H deformation. The absorption between —— 

wavenumbers 2,000 and 4,000 is characteristic of Tusea. aromatic ring 
systems. pot 





described above, and again require. alkaline: pH ranges for: 
stability. Not all samples produced membranes under the.condi- 
tions described here, perhaps because the membrane-forming 
compounds are not distributed uniformly throughout. the Mur- — 
chison material. Because of the small quantities available, and -> 
the complexity of the mixture, the composition of the membrane- 
forming components has not yet been determined. However, 
the fact that the membranes form and remain stable only at 
alkaline pH ranges suggests that they contain a titratable group, 
perhaps phenolic in character, which must become charged 
before it is able to enter into a membrane structure. — 
This represents the first report of boundary structures forming 
in aqueous phases from.non- polar organic components of car- 
bonaceous chondrites. Pflug has observed microstructures in 
the 0.1-micrometre range in Murchison samples prepared for 
electron microscopic examination, and Alpern'and Benkheiri’’ 
earlier demonstrated similar structures which they related to the 
organic content. Presumably, the non-polar material extracted 
here is derived from the structures observed in situ. Its relevance 
to the origin of membrane structures. is not yet clear, however. 
There is no reason to expect that early membranes would have 
required alkaline pH ranges for stability. Furthermore, it is 
possible that some of the properties described here result from 
hydrolytic or oxidized derivatives of the actual Murchison com- 
ponents, The organic constituents of carbonaceous. chondrites. o 
presumably formed under conditions of low hydration and 
essentially no free oxygen, and there may be unexpected reac- 
tivity when such components are. ‘exposed. to an oxidizing, > 
aqueous environment during extraction. Given these reserva- ` 
tions, the formation of pigmented boundary structures from. 
Murchison components is intriguing, and further. analysis o 
their chemical composition may help to elucidate the, earl 
evolution of membrane structures. 00 00 0 000. 
I thank Drs Sherwood Chang and David v W h rite fo 
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: continental lithosphere 


: “S. McGeary & M. R. Warner 


jullard Laboratories, Department of Earth Sciences, University of 
~~ Cambridge, Madingley Road, Cambridge CB3 0EZ, UK 


‘Deep seismic-reflection profiling is successfully being used world- 
-wide to study the structure of the continental crust”. The MOIST? 
- profile recorded by BIRPS (British Institutions Reflection 
Profiling Syndicate) was the first to show that the structure of the 
=: upper mantle could also be imaged given a powerful source and 
Tong recording times. BIRPS has recently acquired an ultra-deep 
< seismic reflection line, DRUM (Deep Reflections from the Upper 

Mantle). The DRUM line was designed specifically to investigate 
the reflectivity of the lower continental lithosphere and was there- 

. fore recorded to a two-way-time (TWT) of 30 s, giving a depth of 
_ penetration into the lithosphere of ~110 km. This profile has now 
-revealed strong reflections which are unequivocally from the lower 
oe lithosphere, well below the base of the crust, and which are, as 

> far as we are aware, the deepest and most continuous structures 

- imaged in the upper mantle by multi-channel seismic-reflection 

profiling. 

The profile is 184km long and was recorded by GECO 
(Geophysical Company of Norway) in August 1984 and runs 
sub-parallel to MOIST off the north coast of Scotland (Fig. 1). 

~The lithospheric thickness of offshore Scotland is not well deter- 
mined but probably lies between the 80-90-km thickness of the 
North Sea’ and the 110-190-km thickness of onshore Britain’®. 
The recording time (and hence depth) of the survey was limited 
to 30s by the need to maintain a speed through the water of 
around 5 knots (2.5 ms”) and to shoot every 100 m. At slower 
speeds the hydrophone streamer becomes unstable, and a greater 
shot interval would lower the already low fold of cover to an 
unacceptable value. The seismic source used consisted of an 
areally extensive tuned airgun array containing 46 airguns with 
a total volume of 140 litres. We believe that the large size and 
high quality of this array were the most important features of 
<; the experiment, allowing us to collect good data at very long 
<- travel times. Reflections were recorded by a 3-km streamer with 
60:channels towed at 17 m depth. The shot spacing used, 100 m, 
provided 15-fold data with a 25m Common Depth Point 
interval. 

Figure 2 shows an unmigrated line drawing of the DRUM 

_. profile prepared from a preliminary stack of the data. The crustal 

structure is broadly similar to that revealed by the nearby MOIST 
~~ tine®!- and will be reported elsewhere. Figure 3 demonstrates 
qualitatively the effect of depth migrating the major sub-crustal 
reflectors and includes both a simplified stack and a depth 
= section. Migration was performed by ray tracing through a 
> simplified velocity model of the lithosphere; curvature of the 
rays by refraction was included!?. Migration of the time section 
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(Fig. 4b). Wide-angle observations suggest that the Moho is 
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Fig. 1 Location of DRUM 30-8. aor The locations of éthie 
BIRPS deep seismic profiles, MOIST, WINCH 1 and WINCH 2: 
are shown as well as a 15-s profile collected by Shell Expro Uk 
Ltd. The depth in seconds TWT to the Flannan Thrust is contoured 

to 14s to show the three-dimensional structure. ; 


into depth is difficult for deep reflection data but is essential 
for the proper spatial location and interpretation of reflectors”. 

Four major sub-crustal groups of reflectors can be seen: the _ 
Moho at the base of the crust around 8-9s; a sub-horizontal — 
reflector superficially similar to the Moho at around 13-15 s; an 
easterly dipping sequence (the Flannan ‘Thrust’)® running from 
the Moho down to at least 27 s.and possibly 30 s; and a 15-km- 
long banded zone at 23 s. A section of each reflector is shown 
in Fig. 4. We believe all these events represent primary reflections - 
from deep structures which are not significantly out of the plane 
of the section. We have examined multiple reflections, side- | 
swipe, S-wave conversion, reflected refraction and diffraction | 
effects as possible explanations for these events. The shape and | 
amplitude of the reflections, their move-out on both common- | 
shot and CDP gathers and the three-dimensional control pro- 
vided by the MOIST and WINCH lines allow us to rule out 
most of these explanations. It remains a possibility, however, | 
that the sub-horizontal events at the eastern end of the profile 
could be caused by side-swipe. reflections. We intend to check | 
this by further data collection in the area. a 

Along most of the DRUM profile the Moho can be seen as 
a bright reflector at the base of a seismically layered lower crust: - 


particularly sharp in this area’*. At the western edge of the. 
section, the Moho is less distinct and is interpreted to correspond 
to the base of the reflections in the lower crust”, The TWT to. 
the Moho varies between 8 and 9s (24 and 27 km) and is deepest. 
in the east. Several refraction and wide-angle reflection experi- 
ments have been performed in this area'"* and show average 
crustal velocities of around 6-6.4 km s~ and a sub-Moho veloc- 
ity around 8kms~'. When the results of these are converted to 
normal incidence two-way travel time, they all predict Moho | 
reflections at 8-9 s, Taken together they also indicate that the 
Moho deepens to the east. 
The most exciting: ‘structure. ‘revealed i the DRUM line i AS 
the Flannan Thrust. We have now observed this event belo 


2 
~ O Fig. 2 Line drawing of DRUM profile based 

on a preliminary stack of the data. The section 
is in TWT and is true-scale at a velocity of 
5kms~'. The rotated half-grabens of the upper 
crust. and the reflective lower crust and Moho 

are shown as well as the Outer Isles Fault (the 

Outer Isles Thrust of previous BIRPS papers). 
Within the mantle are seen three major features 
the east-dipping Flannan Thrust; a. sub. 
horizontal reflector at 13-155 between 80 and- 
180km and the 15-km-wide zone of horizontal 
reflections at 23s at the eastern end of the 
section. The locations of selected sections, a-d, © 
shown in Fig. 4, are indicated at the top of the = 
pone 
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Fig. 3. A stack section in time and a depth profile produced by 
depth migration, showing qualitatively the effect of depth migration 
on deep reflectors. The major reflections are shown schematically 
as linear segments. All segments are repositioned in the depth 
profile constructed using a simple two-dimensional velocity model. 
The dipping reflectors become significantly steeper and migrate 
up dip. OIF, Outer Isles Fault; FT, Flannan Thrust. 


_the Moho on five deep profiles in the area (Fig. 1)*!!'°?°, These 
-profiles together show an easterly-dipping structure which origi- 
“mates in the lower crust, cuts the Moho, and may run off the 
bottom of the 30s DRUM line. After migration, the structure 
has an average dip of 35° and extends to a depth of at least 

75km and possibly to 85 km (Fig. 3). The event is strongly 
reflective (Fig. 4a) and is non-planar, with a variable local strike 
-and dip; on the DRUM line it appears to split into two parallel 
events (Fig. 2). Contours in time of the structure (Fig. 1) also 
show a non-planar three-dimensional structure. South of 
WINCH 1, the structure strikes roughly north-south (N-S) and 
4s: below and sub-parallel to the upper crustal Outer Isles Fault. 
- To the north, the structure diverges from the N-S crustal struc- 
~ tural trends to strike nearly NW-SE. The Flannan Thrust flattens 
to nearly horizontal in the lower crust and is nowhere seen 
above 7s. We do not believe it cuts the upper crust or reaches 
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the surface. Indeed, although we often observe strong dipping — 
reflectors on BIRPS profiles, both within the crust and upper 
mantle, we have never seen a reflector which runs unam- 
biguously from the near surface to below the Moho. ni 
Since the Flannan Thrust does not outcrop and is considerably 
below the reach of even the deepest borehole we must use 
indirect evidence to identify it and at present our conclusions 
are speculative. The geometry of the feature, particularly the 


dip, the general reflective character, the fact that it cuts and - 


may offset the Moho, and the existence of similar features on | 
parts of the WINCH” and SWAT"! data and in eastern Aus- 
tralia”, suggest that the reflections are probably from a ductile 
fault or shear zone within the lower lithosphere. If this feature 


is indeed a zone of localized strain, we would expect it to have _ 


developed as a structure during either the Caledonian orogeny 
or later Mesozoic extension. If it formed as a thrust fault, it 
may have been reactivated during extension. Unfortunately, — 
nowhere is an unambiguous offset of the Moho seen. A possible 
alternative explanation is that the reflections are coming from 
a remanent pre-Caledonian subduction zone. There is, so far as 
we are aware, no geological evidence for the existence of such — 
a feature. However, a subduction zone is the one structure which 
all earth scientists would recognize as a roughly planar dipping 
structure that cuts the lower lithosphere. 

We had expected to see the Flannan Thrust on the DRUM 
line, although perhaps not to such spectacular depths. In'con- 


trast, the sub-horizontal event seen below the Moho. at about. 
13-15s (45-50km depth) was completely unexpected. This 


event is very strong and relatively continuous for ~100 km. 
Although it is difficult to determine the absolute strength of 
deep reflections, it is clear that this deep event is at least as 
strong and continuous as the Moho in this area. Figure 4c shows 
a stack over part of this event; the Moho in Fig. 4b is shown 
for comparison. At present, we have no cross-line control on 
the event and its cross-dip is undetermined, although the lack 
of any observable move-out is sufficient to rule out the possibility 
that the event is a gross side-swipe from a surface structure. 
In detail, a structure is revealed which dips gently (2°-5°) to 
the west and is cross-cut by more steeply dipping (30°) features. 
After migration (Fig. 3) these cross-cutting events migrate above 
the flatter structure and appear to sole into it. It is also possible 
that the upper limb of the Flannan Thrust soles into this same 
structure from the west. Surprisingly, we did not observe 
analogous reflections on the MOIST line which is only 15km 
to the south. This would appear to imply a cross dip of at least 
20°, or that the event becomes less reflective to the south... 


Fig. 4 Sections of the unmigrated preliminary. stack 

showing: a, the Flannan Thrust; b, the Moho and reflective 

_ lower crust; c, the mantle reflector at 13-15 s; and d, the 
zone of reflections at 23 s. 
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However, the source used on the MOIST line was only about 
one-eighth as powerful as that used on DRUM and this may 
explain the absence of the event on MOIST. 

Interpretation of this structure is even more speculative than 
for the Flannan Thrust. Deep mantle reflections may be pro- 
duced in several ways, for example from a lithological boundary, 
a phase change, a zone of localized strain, a change in anisotropy 
or even a rheological boundary. We believe the most likely 
explanation is that the reflections are from a sub-horizontal 
shear zone, that is, a detachment or decollement surface within 
the upper mantle. Such a shear zone will probably be structurally 
related to the various dipping features seen in the area including 
the upper limb of the Flannan Thrust. The opposing dips of the 
two structures, however, will cause an interesting geometrical 
problem for any structural interpretation. Wide-angle observa- 
tions to the south of the DRUM line indicate the existence of 
a reflector at a depth of around 55 km (ref. 23). The wide-angle 
results suggest that this may correspond to a change in velocity 
from 8.0 to 8.2kms~'’. However, both the depth and velocity 
are poorly constrained. 

The deepest (unambiguous) reflections seen after migration 
on the DRUM line are a short layered sequence seen at 23s 
(Fig. 4d) at the extreme eastern end. The deepest of these is at 
around 85 km depth (Fig. 3). Again, these horizontal reflections 
may be due to some kind of compositional layering or phase 
change within the lowermost lithosphere. These reflections are 
similar in appearance to the highly reflective layered lower 
crust??? seen on much of the BIRPS data. It has been sug- 
gested” that the layering in the lower crust is due to a ductile 
fabric produced by pervasive shearing and that the top and 
bottom of the layering mark a (palaeo-)rheological boundary. 
Part of the motivation for the DRUM line was to look for similar 
layering in the lower lithosphere which may also be subject to 
pervasive shearing. The localized layering seen at the eastern 
end of DRUM is the only example of this seen on the line and 
we do not know what it represents. The presence of the Flannan 
Thrust to depths of 75 km or more suggests that the upper mantle 
is not pervasively sheared above such depths. 

The observations discussed here are unique, and we have 
presented them primarily as a basis for informed speculation 
by other authors. The data demonstrate that the lower continen- 
tal lithosphere can be structurally complex and that it may 
contain good reflectors which are continuous for at least 100 km. 
The results seem to show that the upper mantle can support 
relatively localized strain even near the base of the lithosphere. 
We hope to shoot even deeper data in this area to determine 
the ultimate fate of the Flannan Thrust as it approaches the 
asthenosphere and to try to observe reflections from structures 
associated with the lithosphere-asthenosphere boundary. 

BIRPS is funded by the Natural Environment Research Coun- 
cil under the Deep Geology Programme. The data were acquired 
and are being processed for us by GECO. We were impressed 
by the quality of their acquisition system and ability to undertake 
an unusual and difficult project. We believe the high quality of 
these data reflects their efforts. Shell Expro UK Ltd provided 
access to their deep lines in the area and we thank them for 
their continued assistance to BIRPS. Copies of the DRUM 
profile may be purchased for the cost of reproduction from 
British Geological Survey, Edinburgh. i 
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Was the Greenland ice sheet 
thinner in the late Wisconsinan than now? 


Niels Reeh 


The Geological Survey of Greenland, Øster Voldgade 10, 
DK-1350 Copenhagen K, Denmark 


Ice of Wisconsinan origin which constitutes the basal layers of 
the ice caps in arctic Canada and Greenland flows three to four 
times more readily than the Holocene ice above. A model based 
on simple ice sheet profile theory is set up for the thickness response 
of the interior ice sheet regions to the progressive thinning of this 
soft layer. The model is applied to calculate the thickness response 
of the Greenland ice sheet at the locations Dye 3 and Créte, and 
of the Devon Island ice cap in arctic Canada. It is concluded that 
the mechanism contributes significantly to the thickness change 
of the Greenland ice sheet, presently at a rate of about 1 cm yr! 
and that this rate of change will persist potentially over thousands 
of years to come. As regards the Devon Island ice cap, most of 
the estimated 15% thickness increase has already been accom- 
plished. A further consequence is that in the late Wisconsinan, ice 
thicknesses of the interior regions of the Greenland ice sheet were 
likely to have been no greater and possibly even less than at present, 
in spite of the larger geographical extent of the ice sheet. It is 
argued that the glacial-interglacial cycles of accumulation rate 
and ice temperature are likely to enhance this ice thickness vari- 
ation. 

Deformation measurements on bore holes drilled to bedrock 
through ice caps in arctic Canada and through the Greenland 
ice sheet have documented ‘that the deep ice layers deposited 
in Wisconsinan time deform three to four times more readily 
than the above lying ice of Holocene origin'"*. Deformation 
tests on specimens sampled from ice cores generally confirm 
this conclusion’. The Wisconsinan ice is characterized by a 
marked decrease in ice crystal size*®, and by up to 50 times 
more microparticles than in Holocene icef®?-!!. These charac- 
teristics have been suggested as the cause of the relative softness 
of Wisconsinan ice*’, although a change in ice fabrics towards 
a vertical, single-pole crystal-axis orientation has also been 
considered a possible explanation®. However, even though a 
change in ice fabrics at the Wisconsinan-Holocene transition 
has been reported for some ice cores’’*, the change is not as 
marked as those of crystal size and impurity content, and is 
even absent in some cores””*.. 

Whatever the explanation, the different flow properties of 
Wisconsinan and Holocene ice have consequences for the long- 
term ice thickness change of the ice caps. This is because a given 
ice flux can pass a given location with a smaller ice thickness, 
the softer the ice. Any internal horizon in the central regions of 
an ice sheet is continuously displaced downwards relative to 
the surface, due to flow induced thinning of the ice layers, 
compensated by supply of ice from snow accumulation at the 
surface. Therefore, the transition between hard Holocene ice, 
the deposition of which started at the surface some 10,000 years 
ago, and soft Wisconsinan ice has ever since migrated down- 
wards with the consequence that an increasing portion of the 
ice sheet has come to consist of hard ice. This implies a potential 
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Fig. 1 Horizontal velocity profiles for different values of the rela- 

tive depth z,/H to the soft/hard ice transition. (1) z,/H =0 or 

Zr/ H = —1 (representing an ice sheet consisting of either soft or 

hard ice throughout). (2) z;/H = —0.61 (representing present-day 

Crête conditions). (3) zr/ H = —0.88 (representing present-day Dye ` 

3 conditions). (4) zr/ H = —-0.97 (representing present-day Devon 
Island ice cap conditions). 


gradual increase of ice thickness in the central regions of the 
ice sheet. The actual response, however, will depend also on 
other factors such as changing ice flux caused by changing mass 
balance’? or changes of ice temperatures, induced by climate 
variations at the ice sheet surface’. 

In this paper the ice thickness response to the gradual thinning 
of the soft basal ice layer and the accompanying thickening of 
the upper hard ice layer is considered in isolation. A simple 
model is applied, which is nevertheless believed to account for 
the more important aspects of the problem. 

We shall start by calculating the ice flux in terms of ice 
thickness (H), surface slope (ds/dx), ice flow law law para- 
meters (n) and (A), depth to transition between hard and soft 
ice (—z,), and enhancement factor (E). The enhancement factor 
is the degree by which the deformation rate of soft Wisconsinan 
ice is increased as compared to hard Holocene ice when subjec- 
ted to the same stress and temperature. Assuming plane flow 
and neglecting the influence of the normal stress deviators on 
the ice flow, the vertical shear rate in the ice sheet may be 
expressed as!” 


gu/az=2Ar", (1) 


where u is horizontal velocity, z vertical coordinate, Tą, shear 
stress, and A and n ice flow law parameters’?. | 

If the ice thickness is assumed to vary slowly with the horizon- 
tal coordinate x, then 7,, is to a good approximation distributed 
linearly with depth (—z) according to the equation 


Txz = pgz ds/dx (2) 


z is zero at the surface and is positive upwards; s denotes surface 
elevation, ds/dx surface slope, p ice density, and g gravitational 
acceleration. 

The flow law parameter A in equation (1) depends on ice 
temperature, density, impurity content, crystal size and fabric!?. 


Table 1 Ice thickness and accumulation rate at study sites 


Accumulation 
Position Thickness rate 
Site Lat. (N} Long. (W) (m) (m of ice per yr) 
Dye 3 65° 11’ 43° 50’ 2,000 0.55 
Créte 71° 07’ 37° 19’ 3,000 0.28 
Devon 
Island 75°20’ 82° 30’ 300 0,23 
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Fig. 2 Ice-sheet thickness relative to the thickness when the ice 
sheet consists of hard ice throughout as a function of relative depth 
to soft/hard ice transition. 


These quantities may all vary with depth. However, in this study 
the only variation to be considered is a step-change in A at a 
depth (—z-,) corresponding to'the Holocene-Wisconsinan transi- 
tion, that is, A= A, for zr < z = 0 and A= EA, for — H = z < zz. 
This means that the influence on the velocity distribution of e.g. 
the temperature-depth profile is neglected. 

With this asumption the horizontal velocity profile may be 
obtained from equations (1) and (2) by integration. Assuming 
the ice sheet to be cold-based (no basal sliding), we get: 


u(z)=2A(-pg ds/dx)"H"*"6(z/H) (3) 
where 
E/(n+ DI(—1)*+! -—(z/H)"*'] -H %2% zr 
b(z/H)=4 1/(n+1)[E(-1)"*™-(E ~1)(z7/H)"™ 
~(2/H)""] Zp zS0 


In Fig.1 velocity profile functions ¢(2/H) are plotted for 
different values of zy. 

Integration of equation (3) with respect to z from —H to 0 
yields the ice flux: 


' Q=2Ao/(n+2)(—pg ds/dx)"H"”? 
x[E-(-2;/H)"(E-1)] (4) 


As explained above, zr decreases steadily with time. Con- 
sequently, since we assume that the mass balance of the ice 
sheet and therefore also the ice flux Q be constant, the term 
(—pg ds/dx)"H"*? must change with time so as to compensate 
for the change in zr. If we disregard changes in the horizontal 
extent of the ice sheet and furthermore introduce the sim- 
plification that the ice sheet base is horizontal, then the surface 
slope ds/dx is to a good approximation proportional to the 
slowly changing ice thickness H. Therefore, from equation (4) 
we find that ' 


H,,/ Hy = (E -(~zr/ H)" (E 1) err (5) 


where H_y is the ice thickness when zr= —H (when the ice 
sheet is composed throughout of hard ice). This relationship is 
plotted in Fig. 2. 

As can be seen from Fig. 2, an ice sheet composed of Wis- 
consinan ice is about 15% thinner than an ice sheet consisting 
of Holocene ice, everything else being equal. The thickness 
change is a non-linear function of the relative depth to the 
transition between soft and hard ice; when the transition is 
halfway down, the thickness change is hardly detectable and 
even when the soft ice layer constitutes only 10% of the ice 
thickness, only about half the thickness change has been accom- 
plished. 
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Fig.3 Response of relative ice sheet thickness to gradual thinning 

of soft basal ice layer. The thickness is relative to the value that 

corresponds to an ice sheet consisting of hard ice throughout. (1) 

Represents Devon Island ice cap (H = 300 m, a = 0.23 m yr"), (2) 

Represents Dye 3 (Greenland ice sheet) (H=2,000m, a= 

0.55 m yr‘). (3) Represents Crête (Greenland ice sheet) (H = 
3,000 m, a=0.28 m yr‘). 


This is a demonstration of the relative importance of the deep 
layers for ice sheet dynamics in general. 

It is interesting also to follow the thickness change as a 
function of time. This can be done rather simply for the central 


regions of an ice sheet, where the vertical velocity distribution ` 


v(z) and the transition depth zr are to a good approximation 
independent of x. There, v(z) can be calculated approximately 
for dny value of the transition depth zy by combining equation 
(3) and the equation of continuity. Next zr may be found as a 
function of time by integrating.the equation 


ro . dzy 
dt. 


Besides being dependent on n and E, the solution also 

depends on the ice thickness H and the accumulation rate a. 
For n=3 and E =3.5, Fig. 3 shows the ice thickness response 
for three different choices of H and a, corresponding to the 
conditions at Dye’3 and Crête on the Greenland i ice sheet, and 
to those prevailing on the Devon Island ice cap in northern 
Canada. 
_ The response curves in Figure 3 are very different: at present, 
that is 10,000 years since the start of the deposition of hard ice, 
the Devon Island ice cap has accomplished most of its thickness 
change (about 35 m of a total of 45 m), Dye 3 about one third 
only (100m of a total of 300m), and at Créte the change in 
thickness has hardly commenced (20m of a total of 450m). 
This large difference in response is due to the large differences 
in the depth to which the hard-soft ice transition has migrated 
into the ice sheet at the locations considered. 

The modelling predicts the 10,000-year age-horizon to be 
found at the positions shown in Table 2. As regards the Dye 3 
and Devon Island locations the model results can be compared 
to observed depths of the Wisconsinan/Holocene transition, 
found by various ice core investigations to be’250 m and Sm 
above the base, respectively”. 

- Considering the approximate character of the modelling, the 
above agreement is satsifactory and supports the calculated 
present rate of change of ice thickness for the three locations 
of 1.2, 0.5 and 0.1 cm ýr! for Dye 3, Crête, and Devon Island 
respectively. For the Greenland sites Dye 3 and Créte, the results 
are to be compared with a present-day surface elevation increase 
inferred from observations of the order of a few cm per yr (refs 
15, 16). This shows that the mechanism discussed contributes 


= v(zy) 





Table 2 Modelled positions of the 10,000-yr age-horizons 


Height above bottom 


Site Relative depth (m) 
Dye 3 0 88 240 
Créte 0.61 1,170 - 
Devon Island 0.97 9 
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significantly to the present thickness change of the interior 
regions.of the Greenland ice sheet. Furthermore, the progressive 
thinning of the basal soft ice layer implies that the potential ice 
thickness increase, should persist over thousands of years to 
come, at Dye 3 with an almost unchanged rate in the nearest 


` §,000 years, and at Crête at a rate that will increase slightly in 


the nearest 10,000 years. 

The hypothetical nature of these predicted thickness changes 
must be stressed. Actually, they may be overridden by the effects 
of mass balance and ice temperature variations caused by a 
changing climate. However, this study indicates that the different 
flow properties of Holocene and Wisconsinan ice (perhaps more 
generally the different properties of ice from glacials and inter- 
glacials?) must be considered when modelling the long term 
response of ice sheets to the glacial-interglacial climate cycles, 
on equal terms with the impact of mase balance and ice tem- 
perature variations. It is an interesting idea, that a possible 
alternating depositions of soft and hard ice through the glacial- 
interglacial cycles in itself will imply a potential cyclic behaviour 
in the thickness response of the ice sheets with an amplitude of 
the order of 100 m, and with minima/maxima occurring in the 
interior regions in late’ glacial, respectively interglacial to early 
glacial times. A likely cycle in accumulation rate (low values in 
cold glacial climates, high values in interglacials‘’) will imply 
a similar response, disregarding the delay of a few thousand 
years between extrema of the mass balance and the thickness 
response. The response of the ice sheet to the glacial-inter- 
glacial temperature cycle is a matter of great complexity; the 
temperature variation of the deep layers of the ice sheet, which 
dominate the ice sheet response, not only depends on the tem- 
perature cycle at the surface, but also on the advective transport 
of cold downwards into the ice sheet. which in turn depends 
on a possible varying accumulation rate. A study of this complex 
problem for the Créte location on the Central Greenland ice 
sheet indicates that basal temperatures at this location reached 
their maxima/minima in late glacial and early glacial times 
respectively (W. S. B. Paterson and E. Waddington, manuscript 
in preparation). Since warm/cold basal ice implies soft/hard 
basal ice and consequently thin/thick ice sheets, it seems that 
the ice sheet response to the glacial temperature cycle in central 
Greenland enhances the direct response to accumulation rate 
changes and to the alternating soft-hard ice deposition. There- 
fore, the larger extent of the Greenland ice sheet in Wisconsinan 
time’® need not necessarily have implied greater ice thicknesses 
in the central regions as has often been assumed’®*°. On the 
contrary it is possible that the Greenland ice sheet in the (late) 
Wisconsinan was just as thin or even thinner than at present in 
spite of its greater geographical extent. 

The main part of this study was carried out at the University 
of .Copenhagen, Geophysical Institute, Department of 
Glaciology and was sponsored by the Danish Commission for 
Scientific Research in Greenland, the Danish Natural Science 
Research Council, and the Commission of the European Com- 
munities under contract CLI-067-DK(G). Published with per- 
mission of the Director of the Geological Survey of Greenland. 
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Asian rivers, particularly those originating in the Himalayas, 
contribute Significantly to the annual global sediment discharge 
from the land to the sea’. Although some data are ayailable on 
the inorganic geochemistry of these rivers” little is known about 
their organic matter load”. Over the past.4 years we have been 
studying the Ganges~Brahmaputra river system at locations in 
Bangladesh”’’ with sampling intervals of 4.to 6 weeks. Here we 
report on the seasonal variability of organic matter in the dissolved 
and suspended loads of the Ganges during 1981 as revealed by 
data on particulate and dissolved organic carbon (POC and DOC) 
and their constituent fractions such as sugars, amino ‘acids and 


n-alkanes. Organic matter associated with peak sediment dis- . 


charge (July to November), appears to be dominated by a bio- 
degraded fraction, presumably also resulting from biogeochemical 
processes occurring in the ox-bow lakes in Bangladesh, and, as a 
consequence, are less susceptible to further decomposition upon 
reaching the marine environment. We suggest that rivers such as 
the Ganges with their high sediment load are significant in terms 
of land-derived organic carbon burial in marine sediments. 

Within the framework of a program designed to assess the 
transport of carbon and minerals in major world rivers™!™” the 
Ganges (called Padma in Bangladesh) was monitored at Kazir- 
ghat, Bangladesh during 1981, with sampling intervals of 4 to 
6 weeks. Details of the sampling ‘location and sampling pro- 
cedures are given in ref.9. Water samples were filtered through 
precombusted (500 °C) glass fibre filters (Schleicher and Schill, 
No. 6 vg) using a hand-operated filtration set. Organic carbon, 
sugars and amino acids were determined in the particulate and 
dissolved fractions according to methods described elsewhere’? 
Results are presented in Table 1. 

More than 80% of the annual water discharge in the Ganges 
occurs between July and November of each year!™!*, This period 
also accounts for more than 80% of the annual sediment dis- 
charge, with suspended matter concentrations up to 
1,250 mg 17. POC contents were between 5 and 6% in March 
and May to 1 and 2% during periods of high sediment discharge 
and are comparable to those reported from the Indian stretch 
of the Ganges’. Such a decrease in POC contents with increase 
in sediment load is also apparent from data compiled for world 
rivers, in general®, and has been ‘explained to be a consequence 
of dilution of organic matter by mineral matter. However, these 
compilations include very little information from the major 





Table 1 Dissolved and particulate organic carbon (DOC and POC), sugars 
(DCHO and PCHO) and amino acids (DAA and PAA) ın the Ganges at Kazirghat, 
Bangladesh, 1981 


DOC DCHO DAA POC PCHO PAA 


Date (mgi™') (agi) (ugi™) (%) = Gagl') (ug I) 
30 March , 38 373 321 5.71 _ 46 24° 
3 May 23 * 190 399 611 151 174 
23 June 13 1,119 619 1 26 338 419 
24 July 9.3 1,042 507 115 1,672 2,395 
30 August 1.6 , 430 638 098 1,265 1,917' 
27 September 14 138 397 073 - 585 862 
1 November 29 484 156 169 305 351 
29 November en — — 2 04 260 187 
3 January 2.7 51,215 552 136 110 83 
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Fig. 1 Seasonal fluctuations in the percentage distribution of car- 

bon contributed by sugars and amino acids to total dissolved’ - 

(DCHO and DAA) and particulate (PCHO and PAA) organic 

carbon, in the Ganges, -Bangladesh. Shaded area represents, 

schematically, the hydrographic curve. Arrows indicate samples 
analysed for n-alkanes 


South-East Asian rivers with their high sediment loads, and are 
based mainly on bulk organic carbon measurements from rivers 


_ of the temperate regions. Our data obtained from the analyses 


of constituent fractions such as sugars, amino acids and n- 
alkanes of POC transported by the Ganges, an Asian river with’ 
high sediment load, indicate that there are significant differences 
in the nature of POC transported during lean and high sediment 
discharge periods. Similar differences were also apparent in the 
DOC fraction. Its concentrations varied between 1.4 and 
9.3 mg 1~*. The peak value was observed in July. 

Sugars and amino acids are important food sources for micro- 
bial organisms and are rapidly recycled in the aquatic habitat’>. 
Temporal variations in their contribution to the bulk DOC and 
POC have been used as indicators of biogeochemical processes 
in the aquatic sedimentary environment'®*°. Generally, micro- 
bially reworked (biodegraded) organic matter appears to contain 
less of these labile constituents. In the Ganges samples, con- 
centrations of sugars varied between 46 and 1,672 ug 17" in the 
particulate and between 138 and 1,119 gl in the dissolved 
fractions. The corresponding values for amino acids were 
between 24 and 2,395 wg 171, and between 156 and 638 pg], 
respectively. Significant here i is the information revealed by the 
seasonal variation in the percentage of sugars and amino acids 
in the POC and DOC fractions (Fig. 1). The percentage of sugars 
and amino acids is highest for the June sample which corre- _ 
sponds to the initial stages of rising waters. After that throughout 
the entire section of the high sediment and water discharge 
period they are lower, indicating the biodegraded nature of 
organic matter transported. Additional evidence comes from the 
relatively higher contribution of individual amino acids such as 
B-alanine and y-aminobutyric acid associated with the DOC 
and POC"°. These amino acids are microbially mediated decar- 
boxylation products of aspartic and. glutamic acids, respec- 
tively’®”°, The relative distribution of these amino acids has 
been used as an indicator of microbially reworked organic i 
matter”. Thus, there seems to be a significant difference in the 
nature of organic matter transported by the Ganges at low and 
high water and sediment discharge periods. Such differences 


. may arise from inputs of organic matter from different sources 


and/or from biogeochemical processes. 

To check whether inputs from different sources are relieta 
in more specific organic geochemical indicators, we determined 
the n-alkane distribution of some of the samples. For this, 
suspended matter on filters was subjected to multiple ultrasonic 
extraction with toluene/methanol (3:1v/v). The saturated 


NATURE VOL 317 31 OCTOBER 1985 
100 March 


Pr. Phe 4,00 
CPle 148 
















50 


July 


Pr‘ Phe 1 06 
CPi» 1.69 


November 
Pr PhO 94 


Relative intensity ° 
oC 


50 CPI #3.53 
0 
100 January 
Pr'Ph =1 19 


CPt =2 09 


17 18 19 20 2122 23 2425 26 27 28 29 30 31 32 33 


ah, n+2 


Fig. 2 Carbon number distribution of n-alkanes in POM of 
samples indicated in Fig. 1. 


hydrocarbon fraction was separated from the total extract by 
column chromatography on silica gel using n-pentane as eluent. 
n-alkane spectra were run on a Carlo Erba high resolution gas 
-- chromatograph (GC). 

Since small quantities of samples were available only a quali- 
tative estimation of the variability in n-alkane spectra and the 
related sources could be made. They show marked variations 
in time (Fig. 2), especially in the July sample, where the contribu- 
tion from algal organic matter is reflected by short chain (Cj, 
C,s) components and low CPI (carbon preference index) values 
(1.69). The dominance of n-C,,, n-C,, in n-alkane spectra has 
been suggested to result from algal inputs”. On the other hand, 
the bimodal distribution of n-alkanes in this sample with peaks 
also in the region of C,3-C,, suggests an additional hydrocarbon 
source. A complete shift in favour of odd-preferred long-chain 
molecules occurs during periods after July, resulting in increased 
CPIs (3.53) in the November sample. Sediments from tropical 
coastal swamps” have been reported to display comparable 
hydrocarbon distribution pattern. Neglecting the signals of algal 
inputs, organic matter transported by the Ganges during times 
of high sediment discharge (July to November) is strikingly 


similar, and differs significantly from the organic matter trans- ` 


ported during low sediment discharge periods. The presence of 
n-alkanes in the samples may, at first sight, look inconsistent 
with the data presented above. However, biodegradation of 
n-alkanes proceeds at a much slower rate than sugars and amino 
acids. n-alkanes have been found in extracts of Recent sedi- 
ments**. Although our n-alkane spectra allow only source iden- 
tification, their relative distribution pattern during high sediment 
discharge periods may indicate that biodegradation has also 
affected the n-alkanes below n-C,; (ref. 25). 

Detailed chemical characterization of organic matter indicate 
significant temporal differences in the nature and source of 
organic matter. Biogeochemical processes in the ox-bow lakes 
in the Bangladesh sector of the Ganges drainage area ma 
influénce the nature of organic matter carried by the river’. 
Bangladesh is literally pock-marked with such lakes. Based on 
our data, such processes appear to have a dominating influence 
on the nature of organic matter transported during rising and 
peak discharge (Fig. 3). The highest POC contents in the suspen- 
ded load of the river are observed during the lean months 
(Fig. 3a). With an increasing water discharge, there is a dilution 
effect which continues until early overbank of the flood wave 
(Fig. 3b). The major mechanisms dictating the nature of organic 
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Fig. 3 Schematic diagram representing mechanisms controlling 
the nature of organic matter transported by the Ganges, Bang- 
ladesh. The dark areas in b depict the intense primary production 
occurring in the ox-bow lakes, ponds and topographic depressions 
such as Chalan Bill? during April-May. Anoxic conditions 
develop in some of them during lean months (Chowdhury, personal 
communication). With increasing water discharge organic matter 
from these areas is flushed out. 


matter in periods following this appear to be (Fig.3c); (1) 
During early overbank of the flood wave, organic matter pro- 
duced in the ox-bow lakes enters the main channel through lake 
outflow. Chemical and biological measurements made on out- 
flowing waters from the lake indicate intense primary production 
during April-May”. This would explain the high contribution 
of sugars and amino acids to both POC and DOC in the June 
sample. (2) Subsequently, with increasing water discharge, 
organic matter from the lakes are flushed out into the main 
channel because of thorough mixing of lake water and sediments 
with the river water. This is evidenced in the high DOC con- 
centration and the bimodal distribution of n-alkanes (both algal 
and non-algal) in the POC in the July sample. On the other 
hand, the low contribution of sugars and amino acids to total 
POC and DOC and the distribution of B-alanine and y- 
aminobutyric acid relative to aspartic and glutamic acids’® indi- 
cate a higher degree of microbial reworking of the organic 
matter. This aspect of the organic matter remains the same 
throughout the high-sediment and water discharge periods, but 
a shift in source from algal to non-algal is observed towards the 
end of the high-sediment discharge period as indicated by the 
dominance of nC, nC, in thé n-alkane spectra of POM 
(particulate organic matter). This non-algal source could origi- 
nate through inputs from the reworked lake sediments and the 
soil organic matter. 

- The above data obtained from a major Asian river with high 
sediment load are of relevance to studies on global organic 
carbon transport from the land to the sea. One of the problems 
associated with the computation of the actual flux of carbon 
from the land to the sea is the uncertainty concerning the amount 
of organic matter being ‘lost’ in the estuarine and coastal marine 


~ environments. Calculations based on some of the European 


rivers indicate a loss of up to 70% (ref. 27). Other estimates 
also indicate the apparent ‘instability’ of riverine organic matter 
in the coastal sea”. Organic geochemical’ tools such as those 
employed here should prove invaluable in assessing the role of 
labile versus stable organic matter in the rivers and its burial 
potential in marine sediments. Our data indicate that most of 
the organic matter associated with peak sediment discharge is 
significantly enriched in a fraction that is already biodegraded. 
Expressed differently, it is less susceptible to degradation on 
reaching the sea and, as a result, have a better chance of 
preservation in the marine geological record. Isolation and 
chemical characterization of specific organic molecules in river 
suspensions may thus prove to have great palacoenvironmental 
significance. 
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Dendroclimatological implications of 
isotope coherence in 
trees from Kashmir Valley, India 


R. Ramesh, S. K. Bhattacharya & K. Gopalan” 


Physical Research Laboratory, Ahmedabad 380 009, India — 


Stable isotope ratios of hydrogen, carbon and oxygen in tree 
cellulose have recently been demonstrated’* as potential 
palaeoclimatic indicators. A significant long-term objective of 
isotope dendroclimatology is the reconstruction of the annual 
climatic record at a given place. Earlier studies focused mainly 
on spatial correlations, selecting trees from climatically contrast- 
ing regions, rather than temporal correlations at a single site. 
Single-site correlation involves the problem of extracting a rela- 
tively weak climate-dependent isotope Signal from a number of 
inherent non-climatic components (for example, isotope variations 
along the circumference of a single growth ring and inter- and 
intraspecies variations among trees growing in the same microcli- 
mate**), It is:therefore important to ascertain ‘the degree of 
coherence in the isotope records among different radial directions 
of a tree disk”? and different trees (same and different species) at 
a single site. Such coherences are demonstrated here based on 5D, 
58°C and 55O measurements of individual rings of trees from 
Kashmir Valley, India. 

Samples were collected? in May 1980 in the form of disks 
from freshly felled 100-200-yr-old trees from a relatively open 
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Fig.1 a, &'8O values of cellulose from individual rings along two 

radii R1 and R2 of tree AP2 (Abies pindrow). b, 5D. values and e, 

543C values of nitrated cellulose from rings along three radii, R1, 

R2 and R3, of the same tree. A, Samples along R1; V, samples 

along R2; O, samples along R3. Experimental uncertainty 1s given 
as lo (s.d.) 


Aa 


forest on a hilly terrain remote from permanent sources of water. 
The location was Gulmarg forest compartment 63 near Tang- 
marg (74°25' E, 34°04' N, 2,650 m above sea level). Dates‘were 
assigned by ring counting and ‘verified with the master 
chronology for this region (M. K. Hughes, personal communica- 
tion). Thirty rings corresponding to the years AD 1903-32 (no 
missing-or double rings) were chosen for analysis. They were 
wide enough (2-11 mm) to be sampled without cross-contamina- 
tion. Standard procedures were used for the extraction of a- 
cellulose from wood’®, its nitration’! and gas preparation®!*°. 
a-Cellulose was used for 5440 measurements and nitrdted cel- 


‘ lulose før ôD and 8”C. Isotope ratios were measured using two 


VG Micromass 602D mass spectrometers with an overall pre- 
cision of #2% for 8D, +0.1% for 5°C and, +0.2% for 8'50. 
Values for 8D and "80 are expressed relative to SMOW"* and 
5'°C to PDB". The details of the experimental procedures are 
reported elsewhere!® 

The first experiment determined the extent of coherence of 
the isotope signal among the different radial directions of a 
silver fir tree (Abies pindrow), AP2. This specimen was selected 
for its asymmetrical growth, which was likely to introduce an 
unfavourably large dispersion in the data. 8D and 5'°C were 
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Fig. 2 a, Ring width, b, 8D and c, 8'°C values of individual rings 

from AP2 and AP3 (A. pindrow). Ring widths for both trees are 

average values of measurements along different radial directions. 

ôD and 8'°C of nitrated cellulose are means of three radial 

measurements in the case of AP2. O, Samples from AP3; A, samples 
from AP2. 


measured along three radii (R1~32cm, R2~20cm and R3~ 
35cm) and "80 along two (R1 and R2). 

The results (Fig. 1) show that although the absolute 6 values 
do not agree among the different radii, the trends are quite 
similar. The maximum difference between any two radii was 
33% for SD, 1.8% for 6'°O and 1.3% for ôC. Although in 
some of the rings the ô values agreed within experimental error 
at least among two radii, in most cases the extent of the differen- 
ces varied. Thus, the intra-ring isotope variability seems to be 
unsystematic and its absence in a single ring or a few arbitrarily 
selected rings does not necessarily imply the absence of intra- 
ring variability in the tree, as some workers'’ have presumed. 

Shading and consequent changes in the CO, assimilation rate 
have been suggested'* to cause variation in intra-ring 8'°C, but 
here free-standing trees, exposed to similar light levels, exhibited 
circumferential variation in all three isotopes. Therefore, we 
propose instead that the asymmetrical growth of a tree results 
from lateral redistribution or asymmetrical production of a 
growth-regulating hormone, a growth inhibitor or an auxin- 
destroying enzyme”. Depending on how and when such a 
redistribution or production takes place, some part of the cam- 
bium may be active during a growing season while another is 
less active or even dormant. Consequently, the cells growing at 
the various spots along the circumference of a growth ring may 
use food material produced at slightly different times of the 
growing season. The isotope concentrations at these different 
parts are values integrated over the entire growing season. The 
integrating period, if slightly different for these spots, could lead 
to circumferential isotope variability. This process may vary 
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Fig.3 a, &'°C and b, 8D values of nitrated cellulose from early 

wood part of individual rings from four trees. O, Samples from 

CD1 (Cedrus deodara}, A, samples from AP2 (Abies pindrow); x, 

samples from PW3 (Pinus wallichiana), V, samples from AP3 
(Abies pindrow). 


from year to year depending on the hormone activity (perhaps 
controlled by crown vigour), resulting in.a non-uniform intra- 
ring variation for the different years. 

The 30-yr data for each of the isotopes along each of the radii 
were standardized by dividing the deviations from the mean of 
the respective set by the standard deviation of the set. Thus, the 
data sets are transformed to have means of zero and standard 
deviations of unity, somewhat similar to the standard tree-ring 
indices. For each of the 8D, 5'8O and 8'°C records, the variance 
common to the different radii was then calculated using a 
procedure for analysis of variance outlined by Fritts'?. This 
common variance, interpreted as the common signal among the 
different radii, was ~95% for 5D and 5'80 and ~89% for &'°C. 
The intra-ring isotope variability in this case thus represents a 
‘noise’ of ~5% in ôD and 8'8O and ~11% in 4'°C records. 
This noise is probably even less in the case of trees whére the 
hormone distribution may have been more uniform along the 
circumference of the cambium, leading to a more symmetrical 
growth. 7 

Our second experiment determined the coherence of the 6D 
and 8'°C signals in two silver fir trees, AP2 and AP3, which 
grew ~10m apart. Thirty individual rings taken from a single 
radial strip of AP3, which had a more symmetrical growth than 
AP2, were analysed. Figure 2 shows the results, together with 
the ring-width variations (the values for AP2 are the means of 
the values along the three radii, discussed earlier). The 6D 
curves cross each other at certain points while the 5'°C curves 
are quite distinct. 6'°C values of AP2 are generally higher than 
those of AP3 by a mean of 1.6+0.6%. This difference could be 
due to intra-ring variation along the circumference of AP3, 
where only one radial section was analysed. 

The 6D and 6&'C signals are indeed coherent. The common 
signal between the two trees was calculated (after standardizing 
the AP3 data as explained previously) to be ~92% for ôD and 
~83% for 5'°C. Allowing for the ‘noise’ due to the intra-ring 
isotope variability found earlier, this coherence is quite good. 


see LETTERS TO NATURE 


The third experiment was designed to study the species effect 
‘on the coherence of the isotope signal from four trees growing 
within a distance of ~50 m. Two were firs (A. pindrow, AP2 and 
AP3), one a deodar (Cedrus deodara, CD1) and the other a pine 
( Pinus wallichiana, PW3). These are the major species of conifers 
growing at Gulmarg. 

Earlier studies have shown that large differences exist between 
the 5 values for early and late wood®*”?'. To avoid possible 
interference from differing amounts of early wood and late wood 
in the three species, only early wood was therefore analysed. A 
small portion of the early wood adjacent to the late wood was 
left out, so as to avoid contamination. ôD and 6'°C values were 
measured in cellulose nitrate from 10 rings of each tree corre- 
sponding to the interval AD 1923-32. These rings were broad 
enough (~6.2 mm) to facilitate easy sampling of relatively pure 
early wood. The coherence (as defined earlier) in the isotopic 
signal among the four trees was found to be ~79% for 6D and 
~84% for 53C (Fig. 3). The coherence in the 8D signal among 
different species of trees was less than that between two trees 
of the same ‘species. This may be partly due to differences in 
. the temperature dependence of the biochemical fractionation 
factor for deuterium and in the growing seasons for the different 
species’’, 

To check whether additional noise had been introduced 
through the sampling of a non-constant percentage of each 
annual ring (in the form of early wood), the intra-ring variation 
in early wood alone was investigated. 5D and &'°C values were 
measured in nine segments of the early-wood part of the 1923 
ring of PW3, and showed large asymmetry—values ranging from 
—55 to —67% for 8D and from ~—23.7 to —24.5% for 6°@C— 
indicating that the sampling procedure is unlikely to have intro- 
duced significant additional noise to the signal. The mean 
difference between the 8°C values of whole-ring cellulose of 
AP2 and AP3 (1.64) was still maintained in the early-wood 
measurements, lending additional support to this argument, 

The isotope signals from different radial sections of an A. pin- 
drow disk from the Gulmarg site are highly coherent. So also 
are the isotope signals from two trees of the same species and 
four trees of different species from this site. The presence of 
such a common pattern of variability in trees?’ in a single region 
indicates the possibility of obtaining climatic information on a 
temporal scale from the isotope systematics in tree cellulose 
from a single site. The correlation of the isotope record in 
Kashmir with instrumentally measured local climatic parameters 
will be described elsewhere”. 

This work was supported by a grant from the Department of 
Science and Technology to Physical Research Laboratory for 
palaeoclimatic studies. We thank M. J. DeNiro and M. K. 
Hughes for useful suggestions. 
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Optimization strategies gleaned 
from biological evolution 


R. M. Brady 


Cavendish Laboratory, Madingley Road, Cambridge CB3 0HE, UK 





Several problems, in particular the ‘travelling salesman’ problem’ 
wherein one seeks the shortest route encompassing a randomly 
distributed group of cities, have been optimized by repeated random 
alteration (mutation) of a trial solution followed by selection of 
the cheaper (fitter) solution. Most non-trivial problems have com- 
plicated fitness functions, and optimization tends to become stuck 
in local fitness maxima. A recently introduced strategy to escape 
(simulated annealing) involves accepting unfavourable mutations 
with finite probability’. Independently, there has been interest 
in genetic strategies which overcome the problem of fitness maxima 
in biological evolution“, and several authors have applied biologi- 
cal elements to optimization”®, Here we use computer algorithms 
to investigate new strategies for the 64-city travelling salesman 
problem, which combine conventional optimization or ‘quenching’ 


with biological elements, namely haying a population of trial - 


solutions, helping weaker individuals to survive, and an analogue 
of sexual crossing-over of genes, The new strategies were faster 
and gave better results than simulated annealing. 

During the course of evolution, slowly evolving genes would 
have been overtaken by genes with better evolutionary strategies. 
Consequently, one expects highly efficient strategies in modern 
flora and fauna. Our purpose here is not to model biological 
evolution, but to attempt to glean useful optimization strategies 
from it. Biological strategies (reviewed in refs 4-6) include: 
point DNA mutations; duplication and deletion mutations in 
sexual crossing-over, redundancy (over 80% of human DNA 
has no apparent function); sexual mixing of genes; genetic drift; 
and jumping genes. 

There are mechanisms in sexual species which reduce 
evolutionary competition between genes. For example, 
unfavourable genes are helped to survive if they are recessive 
in a diploid organism or if there are multiple copies of genes. 
One consequence is a wide diversity of individuals, as was 
observed by Darwin’. Another consequence is to encourage 
division into species if the genetic burden* becomes high. 

A lineage which helps weak individuals to survive can have 
a long-term evolutionary advantage. We illustrate this with a 
greatly simplified example. Suppose there is a probability F 
(<1) that a species will encounter some sort of catastrophe or 
will reach a local fitness maximum and stop evolving. If the 
lineage divides into n independent species (some of which will, 
of course, be weaker than the others at any given time), the 
probability that all of them encounter catastrophe or stagnate 
is smaller, F”. Weighing against this advantage, resources must 
be shared so that each species has fewer individuals and evolves 
more slowly. 

Evidence from several fields indicate that on balance there 
can be a net advantage to this type of diversification. In the 
fossil record for lungfish, an association was drawn’? between 
rapid evolution and rapid speciation, and conversely between 
stagnatión and a small number of lineages. Wide diversity has 
recently been observed to develop'’’* in the DNA of lymphocyte 
cells, which need to evolve rapidly to improve the body’s immune 
response. An explanation similar to the above has been proposed 
to account for the diversity of human language and culture”. 
To accelerate scientific progress, Feyerabend'* recommends, 
amongst other things, ‘proliferation of theories’; and Kuhn!’ 
has observed periods of stagnation in scientific progress associ- 
ated with reduced diversity of theories when there was one 
encompassing theory (such as, phlogiston). 

Our experimental system was the well-studied ‘travelling 
salesman’ problem’, where the shortest route was sought which 
visited 64 cities randomly placed in a square, returning to the 
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Tota! route distance: 6 137 km 


0.6 km 


Fig. 1 Map showing the cities visited by the travelling salesman, 
and the shortest route ever found. 


first city. The roads between cities were straight. It was not 
feasible to try all 63!/2 different possible routes, so an optimiz- 
ation technique had to be used. Results are presented below for 
the map shown in Fig. 1, which also shows the shortest route 
found. 

In the simplest optimization scheme, a random starting route 
was chosen. Repeatedly, a section of the route was chosen at 
random, and the order of visiting the cities in the section was 
reversed if this shortened the route. At no stage was an unfavour- 
able change accepted, so that this scheme may be called ‘zero 
temperature’ simulated annealing, or ‘quenching’. One hundred 
separate optimizations were performed, and Fig. 2 shows the 
proportion F(t) for which the routes were longer than 6.5 km, 
6.7 km and 6.9 km after t attempted mutations. 

This optimization may be improved by a strategy akin to 
speciation. If computer time were shared between n independent 
solutions and the best solution selected at the end, the new 
corresponding curves would be (see, discussion of speciation 
above): 


F,,(t) = (F(t/n))” (1) 
Note that this equation takes into account that central processor 
unit (CPU) time must be shared between trial solutions so that 
each evolves n times more slowly. Several authors have con- 
sidered optimizations using massively parallel processing 
machines’*’’: further improvement may be obtained using such 
hardware but this is not discussed here. 

The points F,(t), F,(2t), F;(3t) and so on may be shown 
from equation (1) to lie on a straight line on the semi-logarithmic 
scale of Fig. 2. The straight lines marked, which are all tangential 
to the plotted points at approximately T= 13,000 attempted 
mutations, represent the optimum speciation strategy. For 
example, if computer time were available for 27 attempted 
mutations the best strategy would be to divide time between 
two independent trial solutions and select the best. The expected 
performance may be read off from the straight lines in Fig. 2. 

Figure 3 is a direct comparison of several different optimiz- 
ation strategies. One hundred separate optimizations were per- 
formed in each case, and Fig. 3 shows the mean distance 
obtained, plotted as a function of the mean computer time used 
on an IBM 3081D. Curve A is for simple quenching described 
above; whilst in curve B the strategy was to divide computer 
time equally between two independent trial solutions and select 
the better solution. As predicted, this latter strategy gave 
improved results at long times. 

In order to evaluate the effect of competition between trial 
solutions (curve C), computer time was shared equally between 
two independent solutions. Every 1,000x2 attempted random 
mutations, the better of the two solutions was copied over, 
obliterating the weaker one. Surprisingly, this competitive 
strategy was far worse than for the noncompetitive one (curve 
B). Our interpretation is that success at an early’ stage in the 
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Fig. 2 Data from 100 optimizations using the simplest strategy: 

quenching by random attempted mutations, accepting only favour- 

able ones. The proportion of optimizations whose route was longer 

than certain target distances, is plotted against number of attempted 

mutations. The straight lines represent the optimum speciation 
strategy (see text). 


optimization was not closely correlated with success later on. 
Indeed, the performance was worse than for the noncompetitive 
strategy because diversity was reduced. 

We conclude that if a strategy is to favour the more successful 
solutions it should be designed not to severely reduce diversity. 
A clue to how to do this is provided by sexual species, where 
genes can be swapped during mating and competition can be 
effectively on a smaller scale, between genes rather than between 
individuals. In the case of the travelling salesman, pictorially 
speaking, suppose that one salesman has developed a good route 
around Scotland whilst another has independently found a good 
route around Wales; a good strategy might involve competition 
between these subroutes and a method of mating or ‘crossing- 
over’ so that the successful subroutes may be combined. Simple 
‘mating’ processes have been employed in previous work on a 
different model?®. 

The strategy adopted was as follows (Fig. 3, curve D). Com- 
puter time was shared equally between two independent trial 
solutions, as above. Every 1,0002 attempted random muta- 
tions, the two solutions were compared and if possible a point 
was found where different subroutes visited the same cities. For 
example, suppose that one route visited cities ABCDEFG 
respectively, whilst the other visited cities GCADBFE. These 
routes contain two different subroutes for cities ABCD. The 
shorter subroute was then copied over, obliterating the longer 
one. In the example, suppose that distance AB+ BC+ CD was 
smaller than CA+AD+ DB; the shorter subroute was ABCD 
and the process would yield new routes ABCDEFG (unchanged) 
and GABCDFE. In the actual optimizations it was found best 
to search for subroutes of length between 8 and 32 (at least one 
was almost always found); and matings were attempted so 
infrequently because an appreciable amount of CPU time was 
spent in searching for possible crossing-over points (the time 
spent was of the order of LM if there were L cities and M 
different lengths to be compared). 

This strategy gave an improvement at long times (see curve 
D). A further improvement was obtained as follows. Instead of 
attempting mutations randomly, a systematic search was made 
for favourable mutations. This could be extremely fast, both 
because random numbers need not be generated and because 
intermediate results relating to several attempted mutations 
could be calculated once only. The routes were optimized or 
‘quenched’ in this way until all subroute reversals would be 
unfavourable. A crossing-over was then attempted as described 
above, and the altered route was quenched again before another 
mating. Curve E shows the improvement obtained. Further 
improvement was possible (curve F) by having 12 individuals 
rather than two. The individuals were paired randomly so that 
six matings could be attempted. The six altered individuals were 
then quenched before another set of attempted matings. We 
presume that performance was better because there was a wider 
gene pool from which to choose subroutes. | 
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Fig. 3 Direct comparison of eight different optimization 
strategies, showing the mean route distance, plotted against mean 
computer time used on IBM 3081D. In each case, data were 
gathered from 100 separate optimizations. A, ‘Quenching’ by ran- 
dom attempted mutations (from the same data as Fig. 2). B, The 
best of two independent quenches C, Competition between two 
quenches. D, Mating between two quenches. E, Mating between 
two quenches by systematic search. F, Mating between 12 quenches 
by systematic search. G, Best of n independent quenches by system- 
atic search, n=1, 2, 3,. ., 26. H, Simulated annealing; 20,000 
random attempted mutations per temperature; statistics from 20 
optimizations only. Mean, 5.6s 


Results almost as good as curve F were obtained by applying 
the systematic quench to a population of N independent trial 
solutions, and selecting the best solution. Curve G shows the 
mean performance for n=1,2,3, up to 26 (compare curve B 
for a random quench and a population of 2). We believe it to 
be coincidental that curves F and G are close to one another, 
because the algorithms were different, and as a typical optimiz- 
ation in G took about 2-3 times as long as in F where the 
subroutes were already optimized. This is of importance because 
they may give different performances with larger problems. 

For comparison, a set of simulated annealing optimizations 
were performed using the same map. At each temperature T, 
there were N random route reversals attempted: if a route 
reversal cost D km, it was accepted with probability 1 (D<0) 
or with probability exp (~D/T) (D>0). T took values 1/2, 
1/4, 1/8,..., 1/1,024 km. At N = 10,000 it took a mean 2.9s to 
achieve a mean distance of 6.32 km; whilst at N =20,000 the 
results were 5.9 s and 6.26 km (see arrow on Fig. 3). This strategy 
was worse than both F and G in final performance and CPU 
time used. 

To conclude, biological strategies—having a large population, 
helping weaker individuals to survive, and competing at a gene 
level rather than at the level of individuals—were adapted suc- 
cessfully to the ‘travelling salesman’ problems. Combined with 
simple quenching they gave an improvement over conventional 
simulated annealing for the 64-city problem. It would be interest- 
. ing, but would require extensive computing power, to gather 
good statistics and compare strategies for larger problems. The 
new strategies may be ideally suited for parallel processing 
hardware. 
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tions; and Trinity College, Cambridge, for support on a Research 
Fellowship. 
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Postmortem preservation and alteration of 
in vivo bone collagen isotope ratios in 
relation to palaeodietary reconstruction 


Michael J. DeNiro 


Department of Earth and Space Sciences and Archaeology Program, 
University of California, Los Angeles, California 90024, USA 


Since its introduction in 1977’, stable isotope analysis of bone 
collagen has been widely used to reconstruct aspects of prehistoric 
human and animal diets*"’. This method of dietary analysis is 
based on two well-established observations, and on an assumption 
that has never been tested. The first observation is that bone 
collagen “°C/'*C and “N/"4N ratios reflect the corresponding 
isotope ratio of an animal’s diet’*"'*. The second is that groups 
of foods have characteristically different C/C and/or ŽNA N 
ratios'*"*, Taken together, the two observations indicate that the 
isotope ratios of collagen in the bones of a living animal reflect 
the amounts of these groups of foods that the animal ate. Thus, 
it has been possible to use fresh bone collagen C/"C ratios to 
determine the relative consumption of C, and C, plants’ ’’, while 
13C/?C and 'SN/““‘N ratios have been used to distinguish between 
the use of marine and terrestrial foods’*. The **N/‘‘N ratios of 
fresh bone collagen probably also reflect the use of leguminous 
and non-leguminous plants as food, but this has not yet been 
demonstrated. Prehistoric consumption of these same groups of 
foods has been reconstructed from isotope ratios of collagen 
extracted from fossil bone’~'!, Implicit in the application of the 
isotopic method to prehistoric material is the assumption that bone 
collagen isotope ratios have not been modified by postmortem 
processes. Here I present the first examination of the validity of 
this assumption. The results show that postmortem alteration of 
bone collagen isotope ratios does occur, but that it is possible to 
identify prehistoric bones whose collagen has not undergone such 
alteration. 

Bones of mammalian marine carnivores and terrestrial her- 
bivores were obtained from the archaeological sites listed in 
Table 1. These particular types of animals were chosen because 
the isotope ratios in collagen from the bones of modern mam- 
mals possessing the same feeding habits have been well charac- 
terized’*, The bones range in age from a few hundred to several 
thousand years old. The sites represent a variety of depositional 
environments, ranging from the extremely dry desert along the 
Peruvian coast, through coastal and interior sites of intermediate 
wetness in Florida and California, to a bog deposit in Denmark. 
The concentrations and isotopic compositions of carbon and 
nitrogen in collagen prepared from the bones, determined as 
described previously’, are also given in Table 1. 

- Figure 1 is a plot of nitrogen isotope ratios against carbon 
isotope ratios for all the prehistoric samples except the marine 
carnivores from sites in Florida, which are treated separately 
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Table 1 ‘Concentrations and isotopic,compositions of carbon and nitrogen in collagen from bones of animals excavated from various archaeological sites 


Age SN °C 
Taxonomy Site (yrBP) C/N (&)t (&)T 
Terrestrial herbivores 
1013 Cervus elaphus MD 6,600-5,700 33 +27 21.4 
1014 C elaphus MD 6,600-5,700 38 43.6 ~-22.5 
1015 C elaphus MD 6,600-5,700 3.2 +4.1  ~223 
1016 C. elaphus MD 6,600-5,700 37 +3.9  ~223 
1017 C elaphus MD 6,600-5,700 34 +5.6 ~23.5 
904 Odocorleus' hemionus SC 850-200 32 +48 —204 
905* O. hemionus RC  5,500-850 72 +123 24.5 
906 O hemionus MC  5,500-850 3.3 +46 ~19.7 
907 O. hemionus UC 850-200 32 +4.5 -~202 
910 O hemonus AC 850-200 32 +4.3 ~20.2 
911 O. hemionus PC 3,400--200 33 +49 -20.7 
914 O, hemionus GC 5,500-3,400 >5 +40 -233 
925* O. hemionus SC 850-200 33 +49 ~202 
926 O hemionus SC 850-200 32 +51 —204 
927 O. hemonus SC 850-200 3.2 +6.8 -197 
928 O hemionus SC 850-200 3.3 +44 ~19,3 
948 O hemionus MC  5,500-850 3.3 +56 ~19.8 
949 O hemionus MC  5,500-850 3.2 +55 -192 
960 O hemionus UC 850~200 32 +43 —199 
965 O hemonus LC 5,500--850 33 +44 ~19.8 
966 O hemionus LC 5,500-850 3.3 +36 -197 
967 O hemionus LC 5,500-850 3.8 +14 ~20.5° 
968 O hemionus LC 5,500850 3.4 +38 -20.0 
977 O hemionus SC >200 33 +45.6 -197 
980 O hemionus AC 850-200 33 +61 —188 
981 O. hemionus AC 850-200 32 +59 19.0 
982 O hemionus AC 850-200 3.2 +5.8 —19,0 
998 O hemionus PC 3,400-200 32 +4.6 —~200 
999 O. hemionus PC 3,400--200 >6 +68 +227 
781 Odocoileus virgimanus GF — 1,500-600 32 +5.33 -203 
784 O. virginianus PF 4,000- 1,000 33 +46 —204 
785 O. virginianus PF — 4,000-1,000 33 +46 ~20.6 
786 O virginianus PF 4,000-1,000 33 +55. 20.5 
798 O. virgimanys WF — 1,500-1,250 3.3 +6.1 -185 
799 O wmrgimanus WF 1,500-1,250 32 +53 -192 
800 O. virginanus WF 1,500-1,250 3.2 +5.5 -186 
801 O. virgimanus WF — 1,500-1,250 3.4 +4.00 —18.0 
804 O. virginianus MF 600-300 3.2 +48 -200 
805 O. virginianus MF 600-300 3.3 +39 ~20,5 
806 O. virgimanus MF 600-300 3.4 +53 ~-204 
807 O virginianus MF 600-300 33 +38 ~206 
808 O virginianus MF 600-300 33 +43 20.0 
901 O virginianus CP 410+65 32 +9.5 ~206 
871 Cervidae LP 7,000-4,600 6.5 +25.7 ~17.6 
881 Cervidae LP 7,000-4,600 3.2 +84 -19.0 
887 Cervidae LP 7,000-4,600 34 +8.8  —19.0 
Marine carnivores-—invertebrate or vertebrate eaters 
921 Cetacea SC 850-200 3.2 +147 -126 
938 Cetacea RC — 5,500-850 >8 +95 ~+21.0 
975 Cetacea XC — >200 37 +120 —14.5 
988 Cetacea | PC 3,400~200 >7 +54.7 -187 
990 Cetacea PC 3400-200 64 +189 -188 
939* Cetacea/ Pinnipedia RC — 5,500-850 09 —0.9 21.5 
953 Cetacea/Pinnipedia UC 850-200 3.2 +124 —14.1 
954 Cetacea/Pinnipedia uc 850-200 3.3 +180 —12.1 


Age i SSN °c 
Taxonomy Site (yr BP) C/N (4)t (%)i 
Marine carnivores—-vertebrate eaters 
1019 Halhcholrus grypus *MD 6,600-5,700 3.6 +126 -120 
795 Monachus tropicalis WF 1,500-1,250 34 +116 ~10.1 
796 M tropicalis WF 1,500-1,250 3.4 +102 ~—78 
797 M tropicalis WF 1,500-1,250 33 +108 ~99 
780 Tursiops truncatus GF 1,500-600 3.2 +97 om 4.0 
782 Delphinidae/ i 
Physeteridae PF 4,000-1,000 3.4 +84 -110 
783 Delphinidae/ 
Physetendae PF 4,000-1,000 33 +106 -97 
794 Delphinidae/ 
Physeteridae WF 1,500-1,250 3.3 +105 —8 0 
802 Delphinidae/ i 
Physeteridae MF 600-300 36 +71 ~15.0 
803 Delphinidae/ : : 
Physeteridae MF 600-300 33 +102 ~94 
787 Otanidae CP 2,100-1,900 32 +172 ~108 
788 > Otarndae CP 1, 000--600 3.2 +19.5 128 
869 Otaridae LP 7,000-4,600 98 +219 -18.5 
875 Otariudae LP 7,000-4,600 33 +173 ~~115 
882* Otariidae LP 7,000-4,600 107 +130 18.2 
884 Otanidae LP 7,000-4,600 <2 +11.9 ~22.2 
886 Otaridae LP 7,000--4,600 7.2 +173 ~186 
892 Otarndae LP 7,000--4,600 43 +145 -19.3 
894 Otariidae LP 7,900-4,600 7.6 +21.3 ~178 
896 Otariidae LP 7,900-4,600 >7 +i4i -141 
920 Otariudae SC 850-200 3.2 +170 ~-13.1 
922 Otariudae SC 850-200 32 +173 -135 
923 Otariidae sc 850-200 3.5 +17.1 ~—130 
924 Otarndae SC 850-200 32 +162 -~132 
940 Otarndae RC §,500-850 3.3 +196 ~123 
943 Otarndae MC  5,500-850 32 +188 -12.2 
944 Otariidae MC 5, 500-850 >$ +02 -22.4 
945 Otarnıdae MC — 5,500-850 32 +182 ~121 
946 Otariidae MC _ 5,500-850 38 +177 -—152 
951} Otariidae UC 850-200 3.2 +175 -134 
952 Otanidae UC 850-200 32 +177 +115 
962 Otarndae LC - 5,500-850 34 +193 -129 
963 Otanidae LC 5,500-850 3.5 +167 ~13.8 
964 Otanidae LC 5,500--850 >7 +81 ~19.5 
976 Otariidae XC >200 3.3 +166 -132 
983 Otarıidae AC 850-200 3.2 +174 ~13.3 
985 Otanidae AC 850-200 32 +19.0 -130 
‘986 Otarndae AC 850-200 33 +169 -132 
1018 Phocidae MD 6,600-5,700 83 +10.3 -252 
1020 Phocidae MD 6,600-5,700 33 +151 —112 
1021 Phocidae MD 6,600-5,700 3.3 +150 -115 
915* Phocidae/Otanidae GC 5,500-3,400 >5 +3.1 -219 
917 Phocidae/Otarudae GC 5,500-3,400  >6 +72 -20.9 
950 Phocidae/Otarndae UC 850~200 3.2 +184 ~+13.5 
984 Phocidae/Otaridae AC 850~200 32 +19.1 ~123 
987 Phocidae/Otarndae AC 850-200 3.2 +180 ~12.9 
989 Phocidae/Otariidae PC 3,400--200 32 +17.5 ~11.7 
991 Phocidae/Otaridae PC 3,400~200 32 +19.4 12.9 
992 Phocidae/Otarndae PC 3,400~200 32 +188 ~131 





The ages of the bones as well as the feeding behaviours of the animals'*?! 


are indicated In some cases, C/N ratios could only be approximated because of the small 


amounts of gas generated during combustion of the sample The site names and their locations are abbreviated as follows AC, Alamo Pintado, California, CP, Chilca, 
Peru, GC, unnamed site on Goleta Slough, California; GF, Granada, Flonda, LC, Lake Cachuma, California; LP, La Paloma, Peru, MC, Mescalitan, California; MD, 
Maglemosegaard, Denmark, MF, McLarty, Florida, PC, Prisoners’ Harbor, California, PF, Palmer, Flonda, RC, Rincon, California, SC, Saxtilil, California, UC, 
unnamed site on Santa Cruz Island, Califorma; WE, Wightman, Flonda, XC, Little Pine Mountain, California 


* Sample burned prehistorically. 
{ Isotope ratios are expressed in the 6 notation, where’ 


8*X = | (*X/X) sample 
Sr (*X/ X ) standard 


" x 1,000% 


For carbon, *X/X 1s °C/'!7C and the standard is the PDB carbonate, while for mtrogen, *X/ X 1s '5N/'*N and the standard is atmospheric (air) nitrogen The precisions 
of the isotope measurements reported here are +0.2% Elemental concentrations are reported as atomic C/N ratios. The precisions of the C/N ratios are £0 1. 


below. For comparison, the‘distribution of bone collagen isotope 
ratios of modern’ animals possessing various feeding spécializ- 
ations’? is also shown. Prehistoric collagen samples with C/N 
ratios between 2.9 and 3.6, the range that encompasses the values 
for collagen in 172 fresh bones from 69 animal species and 40 
bones from modern humans (refs 5, 11, 14, 18-20 and M. J. 
Schoeninger and M.J.DeN., unpublished data), have isotope 
ratios that fall within the ranges observed in modern animals 
of the same feeding persuasion. On the other hand, some of the 
prehistoric collagen samples with C/N ratios outside the 2.9-3.6 


range have °C/'C and/or '°N/"N ratios that fall substantially 
outside the ranges exhibited by their modern counterparts. 
Marine carnivores from the Florida sites are not included in 
Fig. 1 because they, unlike the other marine mammals included 
in this study, fed in envirdnments in which there were substantial 
amounts of freshwater- and/or coral reef-based biomass avail- 
able. The bone collagen 5'*C and N values for modern 
animals that feed in these environments are different from those 
of animals feeding in the rest of the ocean’. The prehistoric 
collagen samples from the Floridian marine carnivores, all of 
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which have C/N ratios betweén 3.2 and 3.5, have 6"C and 
ôN values spanning the same ranges as ‘bone collagen from 
modern animals feeding in similar environments”’. 

The observed postmortem alteration of bone collagen isotopé 

ratios is not a function of the age of a sample, as some of the 
oldest samples retain their in' vivo isotope ratios (samples 875, 
881, 887, 1013, 1015, 1017, 1020 and 1021). The. processes 
-responsible for postmortem alteration do not affect all bones 
from a particular depositional environment. For example, some 
bones excavated at La Paloma, Peru have not suffered isotopic 
alteration whereas others of comparable age have (compare 875, 
881 and 887 with 869, 871, 884, 886 and 892). It appears that 
the magnitude of the alteration of isotope ratios is related to 
the size of the shift in C/N ratios, but there are not yet enough 
data to permit quantification of this relationship. 

All prehistoric bones have undergone diagenesis, which is the 
sum of the physical, chemical and biological processes that 
occur in the postmortem depositional environment. The results 
reported here do not allow identification of the types of 
diagenetic processes responsible for the observed shifts in bone 
collagen elemental and isotope ratios. Clearly, any postmortem 
process that adds a component to or removes a component from 
bone collagen will affect the collagen elemental and isotope 
ratios if (1). enough of the component was added or subtracted 
and (2) the component had a C/N ratio and °C/'C and/or 
SNT/"4N ratios sufficiently different from the values that charac- 
terized the collagen in vivo. 

It is possible to be more specific with regard to one type of 
postmortem process that affected five of the bones listed in Table 
1. These bones were burned prehistorically. Of the five, four 
have collagen C/N ratios outside the 2.9-3.6 range and have 
isotope ratios that are not indicative of the animals’ feeding 
behaviour (882, 905, 915 and 939). The fifth bone (925), with a 
collagen C/N ratio of 3.3, has retained a record of the animal’s 
feeding habits in its isotope ratios. These observations are con- 
sistent with the results of a‘simulation of the effects of heating 
on bone collagen isotope and elemental ratios. In that study’’, 
fresh bones were heated to temperatures that would have been 
reached during cooking, cremation, or other types of prehistoric 
heating episodes (fires in midden areas, for example). Collagen 
extracted from the heated bones with C/N ratios in the 2.9-3.6 
range had 6C and ôN values within 1% of the values for 
collagen from unheated control bones, whereas the 6'°C and 
5'°N values for collagen from heated ‘bones with C/N ratios 
outside this range were shifted by as much as 5%. 

I have adopted an operational definition of collagen in this 
study, defining it as that fraction solubilized by treatment with 
0.001 M HCI at 90°C for 10h after bone powder i is treated with 
1.0 M HCI] at room temperature for 20 min, washed to constant 
pH, treated with 0.125 M NaOH at room temperature for 20 h, 
and again washed to constant pH?. Clearly, the material isolated 
from some of the prehistoric bones, with C/N ratios outside 
the 2.9-3.6 range, is not collagen in the true sense but an organic 
material produced during postmortem heating and/or 
diagenesis. I refer to it as collagen until future characterization 
allows for accurate nomenclature. 

Until further understanding of the diagenetic processes 
responsible for isotope shifts of the magnitude reported here is 
forthcoming, I suggest that the following restriction be applied 
to reconstructions of prehistoric diet based on bone collagen 
isotope ratios. Prehistoric collagen samples with C/N ratios 
outside the range of values observed in fresh bone collagen 
should be eliminated from such studies because their 8°C 
and/or 5'°N values might have been shifted substantially and 
thus their use in dietary reconstruction might lead to erroneous 
conclusions. The application of this criterion will probably lead 
to the elimination of some samples with isotope ratios that have 
not been altered diagenetically, but it will ensure that those 
samples that have suffered large alterations will also be elimi- 
nated. 

It is impossible to apply this criterion to most previous studies 


in which bone collagen isotope ratios were used to reconstruct 


- 
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Fig. 1 Carbon and nitrogen isotope ratios of bone coliägen from 
prehistoric terrestrial herbivorous mammals (circles) and marine 
carnivorous mammals (diamonds and ‘triangles—the former 
indicating animals that fed predominantly on vertebrates, the latter 
indicating those belonging to taxonomic groups that include 
species feeding predominantly on invertebrates or on vertebrates). 
Open symbols indicate collagen samples with C/N ratios between 
2.9 and 3.6, while solid symbols indicate those with C/N ratios 
outside this range. The boxes‘indicate the means +2 s.d. of the 
isotope ratios for modern mammals with the indicated habitats 
and feeding preferences'*. In calculating the distributions for 
modern animals, I did not include terrestrial herbivores that prob- 
ably ate substantial quanties of C, plants, as C, plants were unlikely 
to have been a significant food source for any of the prehistoric 
animals included in this study. Modern and prehistoric marine 
carnivores feeding in environments with substantial amounts of 
freshwater- and/or coral reef-based biomass are also not included 

in the figure, for reasons discussed in the text. : 


\ 


prehistoric diet, because all but two of them dealt only with 
carbon isotope compositions and thus the C/N ratios were not 
measured, Of the two exceptions that involved both nitrogen 
and carbon isotope analyses, one’’ did not contain information 
on the collagen C/ N ratios and the other’ contained C/N ratios 
that were calculated incorrectly. All the C/N ratios for prehis- 
toric collagen samples from the former study (M. J. Schoeninger 


‘and M.J.DeN., unpublished data) and all but one from the 


latter, when calculated correctly”, fallin the range 3.1-3.6. Thus, 
by the criterion proposed here, these collagens have not under- ` 
gone the type of diagenetic alteration that produced the large 
shifts in 8'°C and &'°N values of some of the collagen samples 
analysed in this study. 

This is not to say that the 8'°C and 5'*N values of prehistoric 
bone collagen samples with C/N ratios between 2.9 and 3.6 
have not undérgone diagenetic alteration. It is possible that they 
have, but the results presented here suggest that such diagenetic 
shifts must be small enough for identification of the basic feeding 
behaviour of the animals from their bone collagen isotope ratios 
to be possible. Some other approach must be devised to deter- 
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mine whether or not diagenetic shifts of prehistoric bone col- 
lagen isotope ratios smaller than those reported here have 
occurred. 
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Voltage-dependent calcium and 
potassium channels in retinal glial cells 
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Glial cells, which outnumber neurones in the central nervous 
system, have traditionally been considered to be electrically inexci- 
table and to play only.a passive role in the electrical activity of 
the braint. Recent reports have demonstrated, however, that certain 
glial cells, when maintained in primary culture, possess voltage- 
dependent ion channels*~*. It remains to be demonstrated whether 
these channels are also present in glial cells in vive. I show here 
that Miller cells, the principal glial cells of the vertebrate retina, 
can generate ‘Ca”* spikes’ in freshly excised slices of retinal tissue. 
In addition, voltage-clamp studies of enzymatically dissociated 
Müller cells demonstrate the presence of four types of voltage- 
dependent ion channels: a Ca** channel, a Ca**-activated K* 
channel, a fast-inactivating (type A) K* channel and an inward- 
rectifying K* channel. Currents genérated by these voltage-depen- 
dent channels may enhance the ability of Muller cells to regulate 
extracellular K* levels in the retina and may be involved in the 
generation of the electroretinogram. | 

Recordings were made from Miiller cells of the salamander 
Ambystoma tigrinum (aquatic stage) as described previously”. 
Preparations were maintained at ~15 °C in perfusate containing 
(in mM): NaCl, 110; KCl, 2.5; CaCl, 2; MgCL, 1; HEPES, 5; 
dextrose, 5; equilibrated with 100% Oz (pH 7.4). KCI was sub- 
stituted for NaClin high-[K*] perfusate’. Recordings were made 
from. preparations within 2 h of isolation. 

Miiller cells have a high resting membrane conductance to 
K* (ref. 6) which would shunt out other ionic currents, were 
they present. To unmask possible voltage-dependent currents, 
the K* conductance of Müller cells in retinal slices was blocked 
by pressure-injecting a saturated solution of Cs* and tetraethyl- 
ammonium (TEA), both K*-channel blockers, from recording 
micropipettes. (External application of Ba**, TEA or 4- 
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Fig. 1 Regenerative ‘Ca?* spikes’ evoked by depolarizing current 
pulses in Müller cells of the salamander. a, b, Voltage recordings 
from a cell in a retinal slice. The regenerative response in control 
perfusate (a) increased significantly when [Ca**] was raised from 
2 to 20mM (b). The plateau of the action potential lasted for 
several seconds following stimulation The cell was pressure- 
injected with Cs* and TEA”to reduce the resting K* conductance 
and bathed in pH 6.8 perfusate to de-couple the cell from other 
Müller cells. c-e, Recordings from a dissociated Müller cell in 
6 mM Ba?*. Current pulses evoked a large sustained Ba’* spike 
(c) which was substantially reduced by addition of 1 mM Cd?* 
(d). The regenerative response returned when the Cd?* was washed 
out (e). In both cells the resting potential was maintained at 
—70 mV by injection of small continuous currents. Current pulse 
amplitudes are indicated below each series of traces 


aminopyridine (4-AP) did not block the K* conductance of 
Muller cells in the slice preparation.) 

Müller cells in retinal slices were penetrated in their endfeet 
(in the nerve fibre layer) and stimulated by passing current 
pulses through the recording electrode. The cells, which are 
normally coupled by gap junctions’, were uncoupled by lowering 
the perfusate pH to 6.8 (by addition of 5% CO,). (Application 
of low pH perfusate was accompanied by an increase in cell 
input resistance, indicating that the cells were successfully 
uncoupled.) 

Depolarizing current pulses evoked a regenerative response 
in Cs", TEA-injected Müller cells bathed in pH 6.8 perfusate 
(Fig. 1a). This response was significantly increased when perfu- 
sate [Ca”*] was raised from 2 to 20mM (n= 10; Fig, 1b). The 
regenerative response was caused by an influx of Ca” triggered 
by cell depolarization: the Ca** spikes were not diminished by 
addition of 1 uM tetrodotoxin (TTX), a Na*-channel blocker, 
but were reduced more than 70% by 60 uM verapamil, a selective 
Ca**-channel blocker’. 

To investigate this voltage-dependent current in more detail, 
additional recordings were made from enzymatically dissociated 
Müller cells of salamanders®. Recordings were made with patch- 
clamp electrodes (filled with 125 mM KC!) used in the ‘whole 
cell’ recording mode’. 

When dissociated Müller cells were bathed in 6 mM Ba*", 
which effectively blocked the resting K* conductance, large 
regenerative spikes were evoked by depolarizing current pulses 
(n=25; Fig. 1c). This response was substantially reduced by 
addition of 1mM Cd**, a potent Ca**-channel blocker’? 
(Fig. 1d) and recovered following removal of the Cd** (Fig. le). 
The regenerative response was also blocked by 50 uM verapamil, 
but was unaffected by 1 uM TTX. 

The voltage-dependent currents present in Muller cells were 
further characterized with voltage-clamp recordings from dis- 
sociated cells. Single electrode clamps were made with patch 


_ electrodes in the ‘whole cell’ recording configuration’. 


When cells were bathed in Ba”* and TEA (both K* channel 
blockers), a long lasting voltage-dependent inward current was 
recorded (n +21). This current increased significantly when 
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Fig. 2 Voltage-clamp records of voltage- a 
dependent currents in dissociated salamander 
Müller cells. a, Inward Ca?* current. The cell 
potential was stepped to the value which evoked 
: maximal inward current (+15 mV in 20mM 
Ba** and +5 mV in 2mM Ba”*). The inward 
current increased when [Ba**] was raised from 
2 to 20mM and was abolished by addition of 
2mM Cd**. The perfusate contained 5mM 
TEA to reducé ‘Ca”*-activated Kt currents, 
Recordings made from a cell with endfoot 
intact b, Outward Ca**-activated K* current. 
In 10mM .Ca** perfusate (10 Ca), a slowly 
developing outward current was superimposed 
on the inward Ca** current. 1 mM TEA reduced 
the outward current while 2mM Cd?* elimi- - 
nated both the inward and outward currents 
Recordings from a cell lacking its endfoot pro- 
cess. ¢, Transient outward (type A) K* current. 
The transient current: was eliminated when the 
voltage step was preceded by a 2-s prepulée to 
—40 mV. d, Transient current shown in isolation 
by subtracting records preceded by'a prepulse 
from records without a prepulse. The ‘control’ 
is the difference of the two records in ¢ The 
transient,current in control perfusate Was unal- 
tered by 5mM TEA but abolished by 5mM 
4-AP. ‘Records from c and d were “from the 
same endfoot-shorn Müller ‘cell. e, Inward- 
rectifying K* current evoked by depolarizing 
and hyperpolarizing voltage steps in 80 mM K* 
perfusate. Holding potential (E,,), —4 mV, the 
membrane potential of the cell in 80 mM K*. 
Recordings from an endfoot-shorn cell. In a-e, 
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inward currents are shown-as downward deflections. Capacitive transients were reduced using transient cancellation Secuiiry, In a and b, 
_ linear contributions of the ‘leakage current’ were removed by subtracting a scaled version, of. records evoked by depolarizations to ~ —60 mV. ° 
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external Ba”* (which passes freely through Ca?* ianei it) 


was raised from 2 to 20 mM (Fig. 2a). The inward current was 
blocked by 2mM Cd?* (Fig. 2a) and 50M verapamil. The 
current-voltage (I-V) relation of the inward current, recorded 
in 2 mM Ba’** (Fig. 3a, Ca) peaked at +5 mV-and had a (chord) 
conductance of 2.61.7 nS (mean +s.d.) at 0 mV ( = 3). These 
characteristics are typical of current generated by voltage-depen- 
dent Ca”* channels’® 

In perfusate containing either 2 or 10 mM Ca”", depolanan 
voltage steps to ~ +15 mV evoked a transient inward current 
followed by a slowly developing outward current, (n = 14; 
Fig. 2b, ‘10 Ca’). The outward current was partially blocked by 
1 mM TEA (known to block Ca”*-activated K* channels) while 
2mM’Cd?* blocked both the inward Ca”* current and-the 
outward current (Fig. 2b). The I-V relation of the. sustained 
outward current (Fig.3a, Kca) had a „prominent N-shape, 
characteristic Of current generated by Ca?*-activated K* chan- 
nels’*. Conductance was 2.7+ 1.0 nS at 0 mV and 6,3 +3.2 nS at 
+50 mV-(n = 3): 

A second outward current, which re at ~40 mS and 
decayed within 1s, was evoked by depolarizing voltage steps to 
~—5 mV (n= 5). This outward current could be isolated from 
inward Ca**t 
20 min, at ‘which time the Ca?* current was diminished. The 
transient outward current was completely inactivated by a 2-s 
prepulse to —40 mV (Fig.-2c). It was abolished by 5mM 4-AP 
(known to’ block fast-inactivating K* channels) but was 
unaffected: by 5mM TEA (Fig. 2d). The I-V relation of the 
transient current (Fig. 3a, K,) shows that it turns on at between 
~60 and —40 mV..Conductance was 1.8+0.7 nS at 0 mV (n =5). 
These properties demonstrate that the current is generated by 
fast-indctivating (type A) K* channels, `> 

A third type of K* current was recorded from Miiller cells 
when the K* concentration of the perfusate was raised above 
control level (n= 6). A series of voltage-clamp records in 80 mM 
K* (Fig. 2e) shows that evoked current was much larger when 
the cell was hyperpolarized than when it was depolarized. This 
uyar rectification i is 3 shown clearly in the I-V’ relation of a 


_ current by ‘recording from cells for more than- 


cell (Fig. 3b) which was bathed sequentially in setae con-. 
taining 2.5, 16 and 80 mM K*. The I-V curves are typical of 
current arising from inward-rectifying Kt channels’>. Conduct- 
ance was 7.1+2.4nS in 2.5 mM K* at ~120mV Ue 4) and 


.31+5.6nS in 80 mM K“ at.—100 mV (n=3). ` 


_ The magnitudes of the four voltage- dependent currents were 
approximately the same whether they were recorded from cells 
having intact endfeet or from cells whdse endfeet had been 
shorn off during the dissociation procedure. Thus, the channels 
producing these four currents were not localized principally i in 
the endfoot. process of the cell.” Except where indicated, ‘all 
recordings reported here were made -from cells shorn of their 
endfeet in order to eliminate the large, voltage-independent KŻ 
conductance which is, localized in the endfoot pracess”*®, 9 (The 
conductance of Müller cells at resting- -potential is 127nS in 
intact cells and 6.6 nS in cells shorn of their endfeet’.) 

The findings ‘described here demonstrate that four types of 
voltage-dependent ion channels are: “present in freshly ‘dissoci- 
ated Müller cells of salamanders: Ca?* channels, Ca**-activated 
K*' channels, type A-K* channels- and: inward-rectifying Kt 
channels. At least one of these, the Ca** channel, is also present 
in Miiller cells in retinal slices and thus probably occurs in vivo 
as well. The results. confirm findings from cultured astrocytes, 
where Ca% channels’ and Ca**-activated K* channels'® have 
recently been reported. Inward rectification has also been noted 
in turtle Miller cells’. Axonal- -type Na* channels and delayed 
rectifier K” channels, Teported į in primary cultures of Schwann 
cells? and‘astrocytes*'”, were not observed in the present study. 

Of the four voltage-dependent i ion channels found in Müller 
cells, the inward-rectifying K* channel may be the most impor- 
tant functionally, as it is the only one that appears to be open 
in normal: physiological conditions. This channel i may be invol- 
ved in:regulating extracellular K* levels,. [K* lə in-the retina: 
K* is thought to flow into Miiller’cells in regions of light-evoked 
[K™], increase and to flow out through the Müller cell .endfeet, 
which ‘contain 95% of the total cell membrane conductance’. 
This process, which has been termed’ K* siphoning"! , functions 
to transfer excess Kt directly from the retina to the ‘vitreous 
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Fig. 3 Current-voltage plots of the voltage-dependent i ionic cur- 
rents illustrated in Fig. 2. a, The Ca?* current relation (Ca) was 
obtained from an intact Muller cell bathed in perfusate containing 
2mM Ba** and 5mM TEA. It represents peak inward current, 
corrected for an extrapolated linear leakage current. Ep, —80 mV. 
The Ca**-activated K* current relation (Kca) was obtained from 
an endfoot-shorn cell in control perfusate and represents the 
steady-state current attained during a 3 5-s voltage pulse. The small 
outward current on the Kg, curve between —80 and —30 mV is 
inward rectifier current. E,, —90 mV. The transient (type A) K* 
current relation (K4) was obtained from an endfoot-shorn Müller 
cell in control perfusate. Current amplitude was measured between 
the peak of the response and the value at the end of an 800 ms 
pulse. Ep, —90 mV. b, The inward rectifier K* current relation was 
. recorded from an endfoot-shorn cell bathed sequentially in 2.5, 16 
and 80mMK” perfusate Current amplitudes represent the 
maximal values attained during an 800-ms voltage step. Ep, 80, 
~40 and ~4 mV, the cell membrane potential in the three perfu- 
sates. The dashed line and points a-e in b are used to illustrate 
changes in membrane conductance caused by a localized [K*], 
increase. See text for details. Note differences in the vertical scales 
~ for the four currents 


humor. The effectiveness of K” siphoning is limited by the low 
resting conductance of the cell body membrane of Müller cells 
(137 pS cm™, ref. 6). However, the voltage and K*-dependence 
of the inward-rectifying K* channel may lead to an increase in 
this membrane conductance when [K"], rises. 

The effect of inward-rectifying K* channels on K* siphoning 
by Müller cells can be appreciated by considering the. I-V 
relation of the channel. If, for example, [K*], is raised from 
2.5 to 16 mM in a localized region of the cell, the T-V relation 
of those channels exposed to the K* increase will be shifted to 
the right (Fig. 3b, curves 2.5 and 16). The membrane potential 
of the cell (dashed vertical line in Fig. 3b) will be depolarized 
by the [K*], increase, but not to the degree predicted by the 
new K* equilibrium potential; the high conductance of the 
Müller cell endfoot has the effect of clamping the membrane 
potential at near the resting level (see ref. 6). The conductance 
of the inward-rectifying channels exposed to 16 mM K* (given 
by the slope of the J-V curve at the point where it intersects 
the vertical line,.Fig. 3b, point b) is larger than at rest (Fig. 3b, 
point a). In this example, the conductance is 4.2 times the resting 
value, At the same time, the I-V relation of those channels not 
exposed to the [K*], increase remains unshifted (Fig. 3b, curve 
2.5). Because the cell is partially depolarized by the [K "hù 
increase, however, the conductance of these channels will be 
smaller (by 20%) than at rest (as indicated by the slope of the 
I-V curve at point c compared with the slope at point a, Fig. 3b). 
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Note that, in physiological conditions, the changes in inward 
rectifier conductance will probably be less than those illustrated 
heré, as light-evoked increases in retinal [K*], are not thought 
to reach 16 mM (ref. 19). 

Thus, the properties of inward- rectifying K* channels enhance 
the process of K* siphoning by increasing membrane conduct- 
ance in regions of [K*], increase, leading to a greater influx of 
K* into Miiller cells, and by reducing membrane conductance 
in other regions of the cell, reducing the amount of K* deposited 
in adjacent retinal tissue. (Efflux of K* from the endfoot process 
will not be reduced by cell depolarization as it occurs through 
K channels which are largely voltage-independent). > 

The functions of the other three types of voltage-dependent 
channels reported here are less clear, as they normally remain 
closed. However, large increases in [K™],; such as encountered 
during spreading depression episodes’, might depolarize Mül- 
ler cells sufficiently to open these channels. The resulting 
increase in membrane K* conductance would aid in clearing 
K* from the retina by augmenting siphoning currents. 
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comments on the manuscript. This work was.supported by NIH 
grant EY 04077. 


Received 2 May, accepted 21 August 1985 


Kuffer, S W Proc R. Soc. B168, 1-21 (1967) 

Chiu, S'Y , Schrager, P & Ritchie, J M Nature 311, 156-157 (1984) 

MacVicar, B A Sctence 226, 1345-1347 (1984). f 

Bevan, S & Raff, M Nature 315, 229-232 (1985) 

Newman, E. A Nature 309, 155-157 (1984) 

Newman, E A J Neuroser 5, 2225-2239 (1985) 

Conner, J D, Detwiler, P B. & Sarthy, P V J. Phystol, Lond 362, 79-92 {1985} 

Fleckenstein, A A Rev, Pharmac. Tox 17, 149-166 (1977) 

Hamill, O, P , Marty, A., Neher, E , Sakmann, B & Sigworth, F J Plugers Arch ges Physiol 
391, 85-100 (1981) 

10 Byerly, L, Chase, P B & Stimers,J R J gen Physiol. 88, 491-518 (1985) 

11 Hagrwara,S & Ohmon, H J Physiol, Lond 331, 231-252 (1982) 

12 Meech, R W A Rev Biophys Bioengng 7, 1-18 (1978) 

13 Connor, J A & Stevens, C F J Physiol, Lond 213, 21~30 (1971) 

14 Thompson, S. H J Physiol, Lond 265, 465-488 (1971) 

15 Hagiwara, S, Miyazaki, § & Rosenthal, N P J ‘gen Physiol 67, 621-638 (1976) 


o AW he wWNe 


. 16 Quandt, F N & MacVicar, B A Soc Neurosci Abstr 10, 939 (1984). 


17 Bevan, S, Chu, S Y, Gray, P T A & Ritchie, J M J Physiol, Lond 361, 18P (1985) 
18 Newman, E A, Frambach,D A & Odette, L L. Sctence 225, 1174-1175 (1984) 

19 Kine, R P, Ripps,H & Dowling, J E Prec. natn Acad Se US A 75, 5727-5731 (1978), 
20 Mon, S, Miller, W H & Tomita, T Proc natn Acad Set. USA 73, 1351-1354 (1976) 





A single stem cell can recolonize 
an embryonic thymus, 

producing phenotypically 
distinct T-cell populations 


` 
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There is much interest in early T-cell development, particularly 


in relation to the diversification of the T-cell receptor repertoire”? 
and the elucidation of the lineage relationships between T-cell 
populations in the thymus and peripheral lymphoid organs © 
(reviewed in refs 3, 4). However, the requirements for the growth 
of the earliest thymic T-cell precursor in 13-14-day mouse embryo 
thymus in isolation from the thymic environment are unknown. ` 
Proliferation and maturation of such cells are not sustained either 
in the presence of monolayers of thymic stromal cells (refs. 5, 6 
and see below) or by the addition of interleukin-2 (IL-2), despite 
the expression of receptors for this growth factor on a proportion 
of thymocytes displaying the immature Thy 1* Lyt-2~L3T4~ 
phenotype in the embryonic thymus’*, In contrast, when 
maintained within the intact thymic environment in organ cul- 
tures”’°, 13-14-day thymic stem cells do show a pattern of surface 
marker and functional development similar to that seen in vivo, 
suggesting that short-range growth signals, perhaps necessitating 
direct contact with organized epithelial cells, are required. We 
have shown, by exploiting the selective toxicity of deoxyguanosine 
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(dGuo) for early T cells, that this organ culture system can be 
manipulated to produce alymphoid lobes that can be recolonized 
from a source of precursors in a transfilter system'’. We now show 
that recolonization of alymphoid lobes can also be achieved by 
association with T-cell precursors in hanging drops, allowing rec- 
olonization by exposure to defined numbers of precursors, includ- 
ing a single micromanipulated stem cell. Analysis of T-cell marker 
expression in these cultures shows that a single thymic stem cell 
can produce progeny of distinct phenotypes, suggesting that these 
marker-defined populations are not derived from separate pre- 
thymic precursors, but arise within the thymus. 

The embryonic thymus rudiment at day 14 of gestation pro- 
vides a convenient source of immature T-cell precursors for 
thymus recolonization. Teasing these rudiments apart produces 
suspensions of large blast-like cells, many of which have begun 
to express Thy-1 but lack the Lyt-1, Lyt-2 and L3T4 markers of 
later stages”'*. When these cells are placed in hanging drops in 
the presence of alymphoid thymic lobes, but are prevented from 
making contact with them (Fig. 1a), they fail.to develop, rein- 
forcing the view that close-range interaction with the thymic 
environment may be needed in addition to any requirement for 
diffusible growth factors. If, however, they are allowed to’ come 
into proximity with the lobes (Fig. 1b), recolonization occurs 
in some cases, perhaps through chemotactic attraction of the 
precursors by factors emanating from the thymic epithelium, as 
suggested for the recolonization of the thymic anlage in vivo”. 
Once within the thymus, proliferation and maturation of the 
colonizing cells, as defined by the appearance of T-cell markers, 
occurs to produce progeny that can be shown to be exclusively 
derived from the donor precursors using strain combinations 


differing at the Thy-1 locus (data not shown). Using this ` 


approach, we have observed that the number of lobes recolon- 
ized is related to the number of precursors in the hanging drop 
and decreases from ~80% with 2,000 precursors per well to 
10% with 50-75 precursors per well. This presumably reflects 
the reduced likelihood of effective collisions between the lobe 


and cells of thymus-colonizing potential, although it is not clear. 


‘whether this is entirely due to the relative disposition of the 
lobe and the precursors within the hanging drop or whether it 
also reflects heterogeneity of 14-day blast cells in terms of their 
thymus-colonizing potential. 

Despite the decreasing success rate for recolonization as the 
number of precursors is reduced, these observations raised the 
possibility of achieving recolonization using a single precursor. 
To investigate this, individual blast cells from fresh 14-day 
thymus lobes were selected by micropipette and placed in hang- 
ing drops with an alymphoid dGuo-treated thymic lobe. Associ- 
ation in this manner resulted in successful recolonization in 
2-3% of cases in experiments involving over 300 lobes. Develop- 
ment of a single precursor over a total culture period of 12 days 
resulted in minimum estimates of progeny numbers of 2-11 x 
10*, implying an average doubling time of 17-21 h (Tables 1, 
2). These cells were identified as derivatives of the single donor 
by the presence of donor Lyt antigens (Table 1). Table 1 also 
shows that a single precursor can give rise to progeny with three 
` different Lyt phenotypes, a major Lyt 1*2* population and 
smaller populations of Lyt 1*27 and Lyt 172” cells. Although 
we could distinguish all these phenotypes in the fluorescence 
microscope, flow cytometry studies? have indicated that some 
Lyt-1, unlike Lyt-2, is present on all T cells, reducing the value 
of this marker in identifying T-cell subpopulations. Our sub- 
sequent experiments have therefore used the L3T4 marker; this 
is present in conjunction with Lyt-2 on most thymocytes but is 
exclusive to helper-type cells in mature populations’. 

Dual labelling with L3T4 and Lyt-2 revealed that in some 
lobes three marker phenotypes—L3T4* Lyt-2*; L3T4~ Lyt-2*; 
and L3T4* Lyt-2-—were generated from a single cell (Table 2, 
Fig. 2). In other lobes the L3T4* Lyt 2~ populations were not 
detected, although the other populations were present. The 
reason for the absence of this population from some lobes and 
for the variation in size of the different populations between 
lobes is unclear, although variability ın the populations defined 
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Fig. 1 Association of T-cell preéursors with. alymphoid thymic 
lobes in hanging drops. Alymphoid thymic lobes were prepared 
by organ culturing embryonic thymus lobes isolated on day 14 of 
gestation in medium containing 1.35 mM dGuo as described pre- 
viously!!. This eliminates developing T cells while leaving the 
major epithelial components intact”. Donor thymic stem cells were 
obtained by teasing apart fresh 14-day lobes with fine cataract 
knives in a pool of medium. The resultant suspension was counted 
and adjusted to give the required cell numbers in 10 pl. Hanging 
drop cultures were prepared in Terasaki plates by adding 10 pl of 
medium (Dulbecco’s modified Eagle’s medium+10% fetal calf 
serum) to each well together with an alymphoid lobe. In some 
instances (a) the plates were incubated overnight in an upright 
position to allow attachment of the alymphoid lobe to the floor of 
the well. Wells containing either a lobe attached to the floor ora | 
freshly added lobe then received a further 10 pl of medium contain- 
ing the precursors and the plates were immediately inverted to 
form hanging drops. This resulted either in separation of the lobe 
and the precursors at opposite poles of the drop (a) or in their 
approximation at the tip of the drop (b). In some experiments, 
before inversion of the plate, 20-1 drops containing a freshly 
added alymphoid lobe received a single precursor selected and 
transferred into the drop using a finely drawn mouth-controlled © 
pipette. Observations of wells containing separated lobes and pre- 
cursors over a 5-12-day culture period showed no evidence of 
lymphoid cell development and did not produce recoverable yields, 
although the stromal cells of the lobe remained viable and spread ' 
over the plastic ‘ceiling’, of the drop. Where precursors and lobe 
were allowed to make contact (b), colonization of the lobe occurred 
in a proportion of cases, resulting ın lymphocyte proliferation and 
maturation as defined by cell counts and the sequential appearance 
of the T-cell markers Thy-1, Lyt-1 and Lyt-2. Although preliminary ` 
experiments showed that this development could proceed ın hang- 
ing drops over a 10-12-day culture period, it was less satisfactory 
than that obtained in organ culture. Consequently, in all experi- 
ments reported here lobes were removed from the hanging drops 
after 2 days,.washed and placed in organ culture for a further 
10 days to allow development to proceed in optimal im vitro 
conditions. 


Table į} Cell yields and Lyt marker expression on cell populations 
obtained from alymphoid CBA (Lyt 1.1 Lyt 2.1) thymic lobes recolonized 
by a single BALB/c (Lyt 1.2 Lyt 2.2) thymic stem cell 


Cell count a 
x 104 %Lyt1*2*  %Lyt1*27; %Lyt172* Null 
4.8 542 19.8 8.3 17.7 
10.9 654 18.7 7.5 8.4 
11.7 57.9 7.4 15.9 18.8 
7.2 42.7 15.2 13.5 | 28.6 





Lobes recolonized by a single stem cell were produced as described 
for Fig. 1. After 12 days of culture, suspensions were produced by 
mechanical dispersion of the lobes and counted and dual immuno- 
fluorescence staining carried out to identify Lyt-expressing populations 
of donor origin. First-step reagents were anti-Lyt-1.2 (mouse IgG2b; 
NEN) and anti-Lyt-2.2 (mouse IgM; NEN); second-step reagents, anti- 
mouse IgG2-F1 and anti-mouse IgM (Fc)-Rh (Nordic). The results 
indicate the expression of Lyt antigens of donor type, demonstrating 
successful colonization and differentiation by a single precursor. 


‘by these markers is also seen in non-manipulated organ cul- 
`‘turest®. In the case of single-cell-recolonized lobes, one possibil- 


ity is that some colonizing cells have more limited potential than 
others. Alternatively, variation in culture conditions between 
individual lobes may have an effect. However, the fact that all 
three populations were observed in some lobes demonstrates 
that there are cells present in the 14-day fetal thymus which are 
able to give rise to all three phenotypes; this argues against 
determination of the various marker-defined thymocyte lineages 
at 4 pre-thymic level. The crucial next step will be to determine 
the functional phenotypes generated from a single cell. Pre- 
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Fig. 2 L3T4 and Lyt-2 antigen expression on cells derived from 
a single-cell-recolonized thymus lobe demonstrates that a single 
thymic stem cell can give rise to three marker-defined phenotypes. 
Lobes recolonized by a single thymic stem cell were produced as 
described in Fig. 1. Dual immunofluorescence labelling was carried 
out using the reagents described for rows 5-7 in Table 2. a-c, Two 
cells are shown (a), the smaller of which labels with both Lyt-2 
(b) and L3T4 (c), whereas the larger cell expresses only Lyt-2 (b). 
d, Two adjacent lymphoid cells from the same preparation as that 
in a-c. These cells express Lyt-2 (e) and L3T4 (f) in a mutually 
exclusive fashion. Thus, all three phenotypes—L3T4" Lyt-2 
L3T4* Lyt-27; and L3T4~ Lyt-2*—were present in this lobe. 





Table 2 Lyt2 and L3T4 marker expression on the progeny of a single 
thymic stem cell 





Cell count %Lyt2.2* %Lyt2.27 %Lyt 2.27 
x10" L3T4* L3T4~ L3T4* Null 
4.2 22.1 9.7 0 68.2 
2.0 40,5 17.1 4.5 37.9 
6.6 50.5 25.2 0 24.6 
1.95 15.1 44.2 1.2 31.5 
5.0 37.5 19.2 0 43.3 
3.0 20.8 15.8 0 63.6 
8.8 $2.7 14.5 4.4 28.4 





Strain combinations and details for rows 1-4 are as in Table 1. 
Immunofluorescence reagents for this group were: first step, anti-Lyt 
2.2 (mouse IgM) and anti-L3T4 (clone H129.19 rat IgG*); second step, 
anti-mouse IgM(Fc)-Rh and anti-rat IgG(Fe)-F1 (Nordic). In rows 5-7 
the strain combination consisted of AKR stem cell donor and BALB/c 
host thymus, and the following reagents were used sequentially: anti- 
L3T4 (H129.19) anti-rat IgG(Fc)-Rh, 1% normal rat serum wash, anti- 
Lyt-2-ars (clone 53-6.7), anti-ars-FL. All reagents were tested for 
specificity and non-cross-reactivity and gave the expected staining pat- 
terns on adult T cells. The results show that in both strain combinations 
tested, in some lobes all three phenotypes were generated, similar results 
being obtained with the two different sets of reagents used. 


liminary studies have shown that the progeny of a single cell 
can respond to concanavalin A without added growth factors, 
implying that they can produce their own IL-2 and are capable 
of helper-type activity. If the same cultures can also generate 
cells possessing cytotoxic activity, this will indicate that both 
functional phenotypes can arise from a single cell irrespective 
of their relationship to the marker-defined populations. 
Previous studies on thymocyte populations in bone-marrow- 
reconstituted, irradiated adults have suggested that entire thy- 
mus lobes can be recolonized by the progeny of a small number 
of donor bone marrow cells'™*'*, However, the initial pattern of 
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differentiation of donor-derived cells in this model seems to 
differ from that seen in ontogeny'®'’, and it is not clear whether 
all the recolonizing cells are equivalent to those populating the 
thymus during normal development. Our demonstration thata 
single immature fetal thymus cell can repopulate a thymus lobe, y 
coupled with observations suggesting limited entry of precursors 
into the thymus during embryonic'* and adult life'’, is consistent 
with the need for diversification of the T-cell receptor repertoire E 
within the thymus. Consistent with this, recent studies have — oe 
shown that thymus development is associated with an increasin Ba 
proportion of cells showing rearrangement at the 8-chain locus’. 
However, the possibility of some receptor gene rearrangement _ 
at a pre-thymic level***' and the progressive recruitment ae 
rearranged cells into the developing thymus cannot be excluded. | 
In this context, examination of the pattern of gene tearrangentent 2 
in the progeny of a single intra-thymic stem cell should show 4 
whether there is extensive diversification within the thymus or __ 
whether, despite considerable proliferation, only limited re- ; 
arrangements are generated in the descendants of a single — 
precursor. ; 
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Recent advances in molecular genetics have led to the possibility a 
of using large DNA viruses, such as vaccinia virus, as a biological ; 
delivery system for immunizing man against unrelated disease- a 
causing agents”. When live vaccinia virus recombinants express- 5; 
ing the hepatitis B virus surface antigen (HBsAg)*”, the enews i 
A virus haemagglutinin’’, the herpes simplex virus (HSV) type X 
D glycoprotein’ ™!?, the rabies virus G glycoprotein’ "4 and i | 
vesicular stomatitis virus G glycoprotein’~ were used for immuniz- 
ation, animals were protected upon challenge with the appropriate 













































































genic for ated than saw virus. 
ccinia virus tk locus*"’ was chosen as a site of insertion 

n DNA, primarily because it provides an efficient 
cof selenting infettious recompinanii” ae However, the 


-the intracerebral or intradermal routes'*"’. 


has been attributed to the role of TK in enhancing 
replication in non-dividing cells". To determine 
ctivation of the vaccinia virus tk gene by the insertion 
gn ‘DNA. led to attenuation, several independently 
| TK” recombinant viruses produced from two closely 
TK" strains of vaccinia virus (WR and Wyeth) were 
lated into” BALB/cByJ mice by the intracerebral (i.c.), 
peritoneal (i. p-) and intradermal (i.d. ) routes. Wyeth is the 
York City” Board of Health (NYCBH) strain used exten- 
vely in the United States and elsewhere for smallpox vaccina- 
m. WR, derived from the NYCBH strain by multiple passage 
mouse brain”, has been more extensively studied in the 
laboratory, and because of its enhanced virulence provides a 
ore sensitive model for studying virus attenuation. 
Table 1 lists the amount of virus required to kill half of the 
mice (50% lethal dose, LDso) by the i.c. route of inoculation. 
The WR strain TK” vaccinia virus recombinants, which en- 
coded the genes for the haemagglutinin of influenza virus 
A/Japan/ 305/57 (vInf1)'® and herpes simplex virus (strain 
KOS) type I D glycoprotein (v52)'? had an LDso 2.5 x 10°- 
10 "fold higher than that of wild-type (WT) virus. Mice that 
survived i.c. inoculation of WR-WT, WR-vInfl or WR-6/2 
viruses showed no signs of delayed onset of disease by 24 days 
post-infection, at which time the experiment was terminated. 
Significantly, insertion of DNA into the tk locus of the Wyeth 
strain of vaccinia virus also had an attenuating effect. The LDso 
f Wyeth-v55 (expressing HBsAg) was even higher than that of 
WR recombinants because of lower starting virulence of this 
ine strain. Since TK11 (a gift of R. Condit), which lacks a 
inctional tk gene but contains no insertion of foreign DNA, 
howed a higher LDs than WT, the TK” phenotype and not 
oreign gene expression must be the major factor contributing 
wered virus virulence. In summary, insertion of foreign 
A into the tk locus attenuates strains of vaccinia virus that 
widely in neurovirulence. 
_of interest that the mutant designated 6/2 (ref. 24), which 
spontaneous 9-kilobase deletion located proximal to the 
ed terminal repetition, yielded the highest LDso by the 
te of any WR strain derivatives examined. A previous 
ved thatthe region of the WT virus genome defined 
életion is also suitable for the insertion and 
A of foreign DNA‘. 
2ased virus pathogenicity also was demonstrated by the 
ofi oculation. Lethality by this route is probably a 

















COL fin 
LDip i in “BALB/ cByJ male mice for strain WR- WT 
oul a Wa 1x w X1. 1 plaque-forming units (PFU); 


nguiicient to oodi a lethal effect (that is, 
ble. 2). A similar result was seen in C3H/ HeJ 


injection ‘of BALB/c mice with 10° PFU of WR-WT or 
v52 resulted in 20/25 and 0/25 deaths, respectively. Surviv- 
mice recovered rapidly from the virus infection, and as late 
-49 days post-inoculation no new signs | of disease were 
observed. 

To quantitate further the differences i in virulence between WR 








mpi hoa in 1 certain strains of inbred | 











Virus strain PFU inoculum at LDeo : 








WR-wild type 1% 10% 1.0 
WR-vinfl 4x 10°X 1.4* 
WR-V52 2.5 x 10° X2.8* 
WR-TKI1 4.0 10° 2.5* 
WR-6/2 63x 10X. 
Wyeth-wild type 3.2x10°X 1.4" 
Wyeth-v55 OKT 7. * 





in tmM 


Serial 10-fold « dilutions ab virus (30 pl). purified froni cells . 
Tris-HCl ( pH 9.0) were injected with a tuberculin syringe and 26-gauge . 







needle into the right cerebral hemisphere of six anaesthetized | cold 
BALB/cBy} male mice. The Spearman-Karber meth oe 
calculate the average lethal dose for 50% of the popu ! eet 
Only mice dying between the 2nd and 14th day after inoc ation were 
used in the calculations. = 

* Significantly different from animals inoculated with wild-type vi virus; 


P<0,.02, Student’s t-test. 





Table 2 LD.. of vaccinia wild-type and derivative viruses in. 
BALB/cByJ male mice by i.p. inoculation 





PFU inoculum 


Virus strain Virus dose* Mortality at LDz 
WR-wild typet 10° 9/10 a 
10° 7/12 1x10°X 1.1 
10’ 0/12 
WR-vInfl 10° 0/6 
| 10° 0/6 >1x 10° 
10’ 0/6 
WR-TK11 10° 0/3 
10° 0/6 >1x 10? 
10’ 0/5 





* Serial 10-fold dilutions of virus (100 pi) were injected i.p. into 
6-week-old BALB/cByJ male mice. The LD<g was calculated as 
described in Table 1 legend. 

t Results of two experiments. 


and Wyeth-WT viruses and TK™ recombinants, a direct com- 
parison of virus infectivity in spleen and liver was carried out. 
The level of TK™ recombinant virus infectivity in spleen and 
liver as compared with that of WT virus at various times follow- 

ing i.p. inoculation is depicted in Table 3. In three independent > 


experiments, TK” recombinant vinfl, v52 and v55 viruses yield- 


led lower levels of infectivity i in spleen and liver tissue than the 
corresponding WT virus. This difference in infectivity levels may 
be best attributed to a decreased spread of recombinant virus . 
and/or to lower rates of replication in target organs. Itisof 
interest that the levels of infectious WR viruses in the spleen - 
and liver were higher than that of the corresponding Wyeth. i 
viruses at all time points examined. j 

Further evidence supporting either decreased dissemination E A 
and/or replication of TK” recombinant viruses comes oe 





measuring the levels of vaccinia virus neutralizing antibody. At a 


21 days after i.p. inoculation of three groups of mice with 1 x 10% 
PFU of WR-WT, WR-vInfi and WR-v52, the latter two groups 


(which received the recombinant viruses) had significantly lower =~ 
neutralizing titre than the WT group (data not shown). Taken. ~ 


together, the differences between TK” recombinant and W 
viruses in LD.o values, virus infectivity i in spleen and liver, a i 
neutralizing antibody titres indicate that the TK™ recombi ant 
viruses are less virulent than WT the i ip. as well as t isd : 
route of inoculation. ie 

If the vaccinia virus recombinants are to be ata as vaccines; 
it is important that decreased virulence does not occur at the 
expense of a marked drop in immunogenicity. Since vacci 
virus vaccines are- administered by i.d. scarification, it w 
necessary to evaluate t the euno aan and virulenc f T) 












































fu Eight 4.6-week-old male BALB 


ji Based on one mouse only. 





Tabie 4 Vaccinia virus neutralizing antibody titres in BALB/cByJ male mice 
inoculated i.d. with vaccinia wild-type and TK recombinant viruses 
Reciprocal of neutralizing antibody titre at different times 
post-inoculation* 
- Virus strain 


4 weeks -7 weeks 
: WRewild type 4,444 $ 1.2 (1,960-10,780) 12,591% 1.4 (4,128-20,740) 
WR-v52 5,092 X 1.1 (2,308-8,780) ——t 
WR-vVHBs4 3,283 ¥ 1.4 (1,392-8,052) 8,523 X 1.3 (2,528-41,792) 
Wyeth-wild type 2,729% 1.5 (812-21,840) 2,957 % 1.3 (2,148-10,152) 
Wyeth-v55 7,834 2 1.4 (2,215-20 :960) 5,577 2.1.5 (804- 11,932) 
None <160 l ~F 





a4 A group of. 6-8 g- week-old male BALB/cByJ mice was inoculated with 10’ 
PFU of each of the indicated Strains by scarification using 18 strokes of a 25-gauge 
needle through 10 pl of virus suspension placed on the dorsal surface of the base 
of the tail”. At 4 and 7 weeks. post-inoculation, each mouse was bled from the 
orbital sinus, Plasma was heat-inactivated at 56°C for 30 min, and virus neutraliz- 
ation. assays were carried out by standard methods”. The highest dilution of 
z plasma at which a 50% reduction in the number of indicator virus- plaques 
(intracellular band:purified WT virus) was chosen as the assay end-point. The 
» geometric mean and relative standard errot was calculated from six to eight 
neutralizing titres obtained for each inoculation series. Values in parentheses 

indicate the titre range. 

T Not determined. 


: recombinants by this route. As can be seen from Table 4, TK- 

‘recombinant virus derived either from WR or Wyeth strains of 

vaccinia virus invoked a level of neutralizing antibody similar 

to that detected in the WT infection (variations of less than 

fourfold are not significant). Recombinant. WR-vHBs4 and 

: ~ Wyeth-v55 contain an identical DNA insert coding for HBsAg, 

cand induced similar levels of anti-vaccinia neutralizing antibody 

(Table 4) and anti-HBsAg antibody. (data not shown). When 

the amount of infectious WR-WT and TK” recombinant viruses, 

__ vInfl and v52, present at the site of administration was measured 

- directly by plaque assay, comparable levels of virus were de- 

“tected between 2 and 10 days post-inoculation. By 42 days, both 

TK" recombinant and WT virus had been cleared from the 

- -primary lesion”. The only difference noted. between the TK” 

recombinant and WT viruses was the delayed appearance of the 

_ primary lesion in the TK” recombinant inoculations. By this 

-` route, both -recombinant virus and WT virus. have a low level 
| of virulence for mice. __ 

~ Reversion of TK” to TK* virus, whieh: readily | occurs , with 

point mutations, is unlikely when large insertions are made into 

_ the body of the tk Bene. In agreement with this expectation, no 

' - Tevertants to TK* virus have been detected (by screening 

for virus plaques in hypoxanthine/aminopterin/ thymidine 

1edium* either after extensive tissue culture passage or in tail 

le isolated from BALB/cByJ mice 8 days after tail 

ifica FA witi cular In addition, those recombinants 








on PFU per g tissue on indicated. a ahodun" 





” 3o 
R ` Virus Expt Liver Spleen Liver Spleen Liver Spleen Liver 
: WR-wild type 1 7.57401 9.52+0.1 7.11+40.1 9.41401 7.1540.2 89 6.3040.4 
< WR-vInfi 1 5.00f 5.467 4.26+0.1  6.08+0.2 3.69415 0% 4, 2 a 
WR-wild type 2 6.77 +0. 2 7.65 + 0.1 §.52+0.3 §.23 + 0.8 5.30£1.5 
WR-v52 2 3.5340.7 5.0440.4 3.98+0.2 3.95+0.1 ND 
‘Wyeth-wild type 3 4.08+00  6.30+0.08 ND 64,200.01 : OND 
Wyeth-v55 3 ND es £0.18 ND ND OND. 


9 {/ cByJ 1 mice were inoculated intraperitoneally with the indicated ae at multiplici city 
| ‘expts 1, and 5x 10’ in expts 2 and 3. At the indicated times post-inoculation, two animals from each group \ | Hs ot 
_. inspleen and liver was quantitated by standard procedures. ND, No virus detected; detection limit logio 2. 85 al a300i in liver and ploen; 


34. Miller, R: G. Biometrika 6 
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Thus, inactivation of the tk gene of vaccinia vi 
insertion of foreign genes dramatically affects the patho; 
of vaccinia virus by the i.c. and'i.p. routes of inoculation 
mouse. However, by id. scarification, which is the p 
route for vaccination, TK recombinant viruses replicate loc 
to a level similar to that of WT virus. Our results suggest 
TK” recombinant virus has decreased ability to disseminate 
and/or replicate in the internal organs and brain. Thus, b 
i.d. scarification route of inoculation, the TK phenotype 
alter the virus pathogenesis in such a manner as to reduce t 
likelihood of vaccinia-associated complications, such as pos 
vaccinial encephalitis** **. One group” has reported that in 
out of 40 children: diagnosed with postvaccinial encephalitis, 
vaccinia virus could be detected in the blood, cerebrospinal 
fluid and pharyngeal secretions. Thus, any genetic modifications 
to the vaccinia virus that reduce its ability to initiate and maintain 
a viraemia may potentially lessen the frequency of this most 
undesirable vaccination-associated complication. 

We thank N. Cooper and M. Spencer for the purification of 
the virus stocks and maintenance of the infected animals, respe: 
tively, and G. D. Wallace, P. N. Bhatt, D. Alling and A. Alen 
for helpful discussions. 
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‘cellular phosphoprotein of short half-life (t172) which is 
at elevated levels in cells transformed by various stimuli 
g viruses, chemicals and radiation ^. p53 forms specific 
mplexes with simian virus 40 (SV40) large-T antigen and 
ovirus Etb protein of relative molecular mass (M,) 57,000 
A number of reports have associated p53 with cell 
yn?! and p53 complementary DNA expression con- 
mmortalize primary: cells in vitro’” and render them sensi- 
o transformation by an activated ras oncogene'”""*, We have 


dets.. ‘and report ‘hare that cellular immortalization by a 

-type p53 cDNA gene is conditional upon the promoter/enhan- 
construction used, but that p53 can extend cellular lifespan 
a second distinct mechanism involving rearrangements of the 
id ing sequence which give rise to stable protein products. Cells 
mortalized by one of these mutants are refractory to subsequent 
transformation by.a ras oncogene, indicating that cellular immor- 
talization and ras cooperation are separate activities. 

We constructed p53expression vectors in which a common 
DNA sequence encoding the complete p53 protein was placed 
inder the control of either the Rous sarcoma virus long terminal 
repeat (RSV LTR) or the SV40 early region promoter (Fig. 1). 
hese constructs were co-transfected with pSV2-Neo into WAXI 
cells as described elsewhere’”. At 30 h post-transfection, the cells 
rere transferred to medium containing the antibiotic G418. 

_ After 18 days’ incubation, colonies of proliferating cells were 
visible in dishes that had received RSV 53, (Fig. 1). Cultures 
transfected with pSV53-C. or pSV2-Neo reproducibly failed to 
xhibit any proliferating cells when observed for up to 40 days. 
In transient expression assays in WAX] and CV-1 cells, however, 
oth RSV 53-and pSV53-C directed the synthesis of mouse p53 
rotein. (see below and Table 1). As the p53 coding sequences 
are identical in these two constructs, we conclude that the 
xtension of cellular lifespan in this assay is dependent on the 
ise of the RSV LTR as a promoter. In a parallel set of experi- 
ents, we placed. the wild-type p53 cDNA under mouse mam- 
nary tumour virus LTR control. Once again, wild-type. p53 
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T ‘Schematic inean of mutant p53 cDNA genes. The 
rine p53, cDNA gene from plasmid pP53-5 (ref, 21) was used 
sonstru ti ii mutants. 162d) contains a 157-base pair (bp) dele- 
1 spanning ucleotides 63-320. The reading frame is conserved 
e insertion of an 8-mer Xbal linker. 322dI contains a 129-bp 
eletion spanning nucleotides 322-451. 516dl contains a 50-bp 
deletion spanning nucleotides 518-568. The reading frame is con- 
© ` served by insertion of a 10-mer EcoRI linker. 1001dI contains a 

- -deletion from nucleotide 1,001 to the end of the coding sequence. 
$91 Ins contains an EcoRI 12-mer linker insertion at the corre- 
sponding site. All constructs share a common 122-bp 5'-noncoding 
~- leader and 3’-noncoding region containing splice and polyadenyla- 
tion signals from pSV2-Neo as we describe elsewhere’? C55, 
Coding sequence, sum, deletion, A, insertion. 








~Rat p53 
-162d1 
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Fig. 2 Pulse-chase labelling of p4JJ WAXI (a) and 163d 
WAXI (b). Lanes 1, To immunoprecipitated with pAB419 (ref. 22) 
(anti-SV40 large-T); lanes 2, Tọ RA3 2C2 (ref. 23) (anti-mouse 
p53); lanes 3, Ty pAB421 (ref. 22) (anti-mouse/ rat p53); lanes 4, 
Tan pPAB421; lanes 5, Tan pAB 421; lanes 6, T,4, pAB421. Values 
for M, are given x107? 
Methods. 60-mm dishes containing 10° cells were grown for 1 hin 
methionine-free medium +2%. FCS. Cells were labelled for 4h in. 
the same medium + 50 pCi *°S-methionine (Amersham) per ml 
(100 Ci per dish). They were then washed twice with DMEM + 
10% FCS and either lysed (Ty) or cultured at 37°C and lysed at 
the appropriate time point. Cells were lysed in modified RIPA 
buffer (2 ml per dish) and the lysates clarified by spinning for: 
30 min at 35,000 r.p.m. in a Sorvall TFT 65.13 rotor. Lysates: were 
stored frozen at -70°C. Immunoprecipitations: lysates were pre- 
cleared by incubating (1 ml per immunoprecipitation) for 30 min 
with 10% (v/v) of a 10% suspension of formalin-fixed Staphylococ- 
cus A cells (BRL Immunoprecipitin) followed by a 5-min centrifu- 
gation in a microfuge (MSE Microcentaur) at 4°C. Each sample 
was then incubated overnight with 50! of the appropriate 
hybridoma supernatant at 4 °C, then with 25 plof 10% Staphylococ- 
cus A. Immunoprecipitates were washed three times with modified 
RIPA buffer before loading onto a 12% SDS-acrylamide gel as 
described by Laemmli. The gel was fixed in 46% methanol, 7% 
acetic acid and treated with Enlightening (NEN) before drying 
and exposure to Kodak XAR film at -70°C. ` 


constructs alone failed to extend cellular lifespan, but when 
co-transfected with pT24-Ha-ras-1, which contains an activated 
Harvey (Ha) ras gene, transformed foci of cells with extended 
lifespan were observed whose growth was conditional on the 
presence of dexamethasone (P.C. and J.R.J., unpublished). 
These results are directly comparable to those. of. other 
groups'*'*, who found that their p53 constructs failed to immor- 


talize cells when transfected alone but gave transformed foci 


when co-transfected with ras. 

We constructed mutant p53 cDNA sequences, transferred 
them into the pSV-C vector (Fig. 1) and tested their ability to 
extend the in vitro lifespan of WAXI cells. By day 18, colonies 
of proliferating cells were visible in cultures that had. been 
transfected with some of the mutant constructs but. again were 
not induced by pSV53-C even after 28 days (Table 1). Transfec- : 
tion into rat embryo fibroblasts (REF) gave similar result: ble 
1). The only differences between these mutant constructs ‘and 
the parent pSV53-C are defined lesions in the sequences encod- l 
ing the p53 protein (Fig. 1); the elements involved in transcrip- 









tion and splicing remain unaltered. We conclude that alterations _ 


in the coding sequence can enhance the ability of p53 to extend 
the proliferative potential of mortal cells. We then. transfected 
wild-type and a range of mutant p53 constructs along ’ 
pSV2-Neo into. WAXI cells and attempted to establish lon m. 
G418-resistant cultures. At day 28, dishes containing foci. were 
treated with trypsin and the cells ‘transferred to 75-cm?* flasks. 
Table 1b shows the results. & 
Plasmid p4JJKan (ref. 12), encoding wild-type p53 under RSV- 
LTR control and carrying the G418 resistance marker from a 
pSV2-Neo, and one mutant under the SV40 early promoter, gave — 
rise to one etn G418-resistant cultures with no evidence of 

























Foci per ug per 1° cells 


Expt a a. 
Plasmid WAXI REF 
a - PSV2-Neo a 0 0 0 
~~ RSV53+ pSV2-Neo ` 14 21 4 
» +. pSV53-C+ pSV2-Neo © 0 oO. | 0 
> pSV-162d1 + pSV2-Neo 13. AS 16 
pSV-591 Ins + pSV2-Neo 70 40 30 
AS Transient expression 
“Foci per Con- in WAXI cells 
7 pe per tinued Alone +SV40 +SV40 
Plasmid 10° cells growth = wild-type DIOT 
pSV2-N £0 0 l o ~ ra 
p4JJKan 13 + ae + + 
oa P pSV2-Neo 10 = a EE ~ $ 
pSV53-C 
+pSV2-Neo 0 ~ + + 
pSV-162d] 
+pSV2-Neo 14 + + + + 
pSV-322d] 
-. ..*hpSV¥2-Neo 3 — + + + 
< o pSV-591 Ins 
“2 +pSV2-Neo 7 - + + + 
= pSV-516dl 
+pSV2-Neo 8 ~~ e + + 
pSV-1001dl 
+pSV2-Neo 0 Š + ae 


nen 
Expt a, transfection of WAXI cells by p53 expression vectors as 
| resistant foci after treatment with G418 30h post-transfection. Subcon- 
fluent 60-nm dishes of WAXI cells cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) plus 10% fetal calf serum (FCS) were trans- 
fected with plasmid DNA at 5 ug per dish using the calcium phosphate 
co-precipitation method as we describe elsewhere’. At 30 h-post-trans- 
fection, cells were transferred to medium containing 400 pg mi~ 
Geneticin (G418). Selection was maintained for up to 40 days with 
“medium changes every 3 days. To assay for long-term growth, mass 
cultures from transfected 60-mm dishes were trypsinized, transferred to 
75-cm’ flasks and maintained in selective medium. Expt b, Transient 
_. proliferation compared with long-term growth of WAX] cells transfected 
- with p53 expression constructs. Foci of proliferating cells were counted 
at. 28 days. Transient expression assays were carried out by DEAE- 
‘dextran transfection. Subconfluent WAXI cells were trypsinized, resus- 
pended i in DMEM + 10% FCS, seeded into 66-mm dishes and allowed 
to adhere for 2h at 37°C. They were then washed twice with DMEM, 
and 1.5 ml of a solution containing 5g plasmid DNA, 200 pg ml”! 
DEAE-dextran (Sigma, M, 500,000) in DMEM was added, Dishes were 
incubated for 4h at 37°C, the DNA solution was then aspirated, and 
replaced by 1 ml of Hank’s buffered saline containing 10% dimethyl 
sulphoxide (Fisons). Dishes were incubated for 2 min. at 37 °C, the 
solution aspirated, washed twice with phosphate-buffered saline, and 
cells re-fed with DMEM+10% FCS. At 72h post-transfection, cells 
_were fixed in methanol/acetone 1:1, and expressed p53 visualized by 
indirect immunofluorescence, using the mouse-specific monoclonal anti- 


<; bodies pAB246 and pAB248 (J. Yewdell et al, in preparation). Transient 


expression experiments gave identical results when scored i in monkey 
~ CV-1 cells. 


Sy minal differentiation or crisis. Colonies derived from other 
“mutants, and from wild-type p53 under RSV LTR control alone 
failed. to become established, and the cells exhibited a typical 
senescent morphology. Thus, these constructs induced a limited 
increase in proliferative potential whereas the sequences from 
_.pSV2-Neo, which include the SV40 origin of replication and 
the early region promoter and enhancer, exert a cis-acting effect 

~ that permits the indefinite growth of WAX] cells transfected by 
_ p4JJKan. This requirement in cis may explain why other 
_ groups'*'* were unable to isolate cell lines immortalized by p53. 











V-14 cells. . Mouse p53 was not detectable by immunofluor- 
ce in cultures transfected with paliKan, RSV 33 or psia: 





E wild-type SV40 large-T antigen or the replication-defi 


antibodies pAB246 and pAB248- before publication, an 


Transient expression assays were carried out in WAXI and © 












































a p53 was clearly visible in. 
transfected with pSV-162d1 and other mutants (Table 1b). 
p53 was also readily detectable by immunofluorescence in 
term cultures derived from pSV-162d1 transfection but . 
those from p4JJKan (data not shown). Co-transfe tio 
p4JJKan, RSV 53 or pSV53-C with constructs encoding « 








mutant D10 (ref. 15) produced high levels of mouse p: 
recipient’ cells (Table 1b) 10nstrating that these co 
i sis of p. t that the accumulation o 
ese assays requires the: 
intigen. Long-term mass c 
yy either p4JJKan (p4JJ 
2dl WAXI) were grown up and the #, 

expressed ps3 was. measured by pulse-chase tabelli 
results (Fig. 2) show that the pSV-162d1 gene produc 
migrates with an apparent M, of ~43,000, has at, jp OF 
Interestingly, the t,,. of endogenous rat p53 was ~4h whi 
we were barely able to detect p53 in p4JJ WAXI cells, In 
case the ability of mutant p53 constructs to extend the lifespa 
of mortal cells in-vitro was associated with a reduction i 
sensitivity of p53. to the cellular mechanisms controllin 
half-life in untransformed cells. These’ results demonstrate hi 
p53 can be activated by mutational changes i in the cellular ge 
and suggest that mutation leading to increased stability: o 
short-t,,2 protein is a novel mechanism by which a cellu 
oncogene can participate in multi-stage carcinogenesis. An addi 
tional point concerns the structure of the lesions that enhance 
p53 activity. We, along with several other groups, are currently 
screening human tumour material for evidence of p53. gene 
rearrangements. The results presented here demonstrate tha 
p53 can be activated by mutations that would be undetectabl 
by Southern blotting and suggest that fine-structure S;-nucleas 
mapping may be required to detect alterations in the celal 
gene resulting in abnormal function. 
p4JJ WAXI and 162dl WAXI mass cultures were transfected 
with cloned activated ¢-Ha-ras using pT24-Ha-ras-1. As we had 
shown previously"; the activated ras gene efficiently trans- 
formed WAXI cells immortalized by wild-type p53. Howeve: 
in repeated experiments no foci were induced in any 162d 
WAXI mass cultures. These cells are not refractory to transfec 
tion, as we can isolate SVGPT/ras co-transfectants that show 
no morphological evidence of transformation. 
Several reports'*!* have suggested that the malignant trans 
formation of primary cells in vitro requires at least two distir 
events. The first has been defined as cellular immortalizatio 
establishment'*? and can be induced by chemical: carcinogen: 
or by transfection with one of several cloned oncogenes su 
as adenovirus early region 1A (Ela; ref.17) or the avi 
myelocytomatosis oncogene v-myc (ref. 18). Cells immortal: 
by such reagents can subsequently be fully transformed 
oncogenes of a second complementation group such as ra 
adenovirus Elb. In the case of p53, however, our data ¢ 
strate that cellular immortality. itself is insufficient to 
transformation by a ras gene, and that cellular i immortal 
and ras cooperation by p53 are distinct activities that c: 
resolved by mutagenesis. | a | 
We thank David Lane for aleae: use of the monoc 
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i e human genome contains a set of minisatellites, each of which 
cons ists of tandem repeats of a DNA segment containing the ‘core’ 
e, a putative recombination signal in human DNA’. Multi- 
yariation in the number of tandem repeats occurs at many 
hese minisatellite loci. Hybridization probes consisting of 
m repeats of the core sequence detect many hypervariable 
minisatellites simultaneously in human DNA’, to produce a DNA 
fing rprint that is completely individual-specific and shows somatic 
sermline stability’. These DNA fingerprints are derived from 
large number of highly informative dispersed autosomal loci 
ind are suitable for linkage analysis in man’, and for individual 
identification in, for example, forensic sclence and paternity test- 
They can also be used to resolve immigration disputes arising 
om lack of proof of family relationships. To illustrate the 
tential for positive or inclusive identification, we now describe 
he DNA fingerprint analysis of an immigration case, the resolution 
ich would have been very difficult and laborious using cur- 
tly available single-locus genetic markers. 
‘The case concerned a Ghanaian boy born in the United 
igdom who emigrated to Ghana to join his father and sub- 












¢ Fies woman was 5 the boy’ S HoheF or aunt. At the request 
| family’s solicitor, we therefore carried out a DNA finger- 
-analysis to determine the maternity of the boy. To compli- 





The first pues was to tablish the paternity of X from the 
yatterns of hypervariable. fragments. Although the father was 
inavailable, most of his DNA fingerprint could be reconstructed 
from paternal-specific DNA fragments present in at least one 
of the three undisputed sibs (B, Si, §2) but absent from M. Of 


5 , neither the father nor any of the mother’s sisters - 





x 33.15 x 33.8 
Fig. 1 DNA fingerprints of a Ghanaian family involved in an immigration 
dispute. Samples (8 ug) of blood DNA from the mother (M), the boy in 
dispute (X), his brother (B), sisters (51,52) and an unrelated individual 
(U) were digested with Hinfl, electrophoresed through a 0.7% agarose gel 
and Southern blot-hybridized to *’P-labelled minisatellite probe 33.6 or 33.15 
as described elsewhere’”. Fragments present in the mother’s (M) DNA 
fingerprints are indicated by a short horizontal line; paternal fragments 
absent from M but present in at least one of the undisputed sibs (B, $1, $2) 
are marked with a long line. ‘Maternal’ and paternal fragments transmitted 
to X are shown by a dot. The DNA fingerprints of X contain no additional 
resolved fragments. All fragments including fainter fragments not visible in 
this photograph were scored from the original autoradiographs taken at 
various exposures; partially resolved fainter bands, particularly towards the 
bottom of the gel, which could not be reliably scored were ignored. kb, 
kilobases. 


Methods, Quantitation of DNA fingerprints: 61 DNA fragments were scored ~~ 


in M, compared with 39 fragments inherited specifically from the father. 
One-eighth of the father's heterozygous DNA fragments will not be trans- 
mitted to B, S1 or S2 and thus the corrected estimate for the number of 
paternal-specific fragments is 39 x 8/7 = 45. Since the total number of frag- 
ments in the DNA fingerprints of M and the father should be approximately 
equal, the number of fragments in M which are shared by the father is 
~({61~—45)=16. The mean probability of band sharing (x) in M and the 
father is therefore 16/61 = 0.26, consistent with previous estimates derived 
from screening a random sample of Northern. Europeans (x = 0.2, ref. 2). 
Approximately half of the 45 paternal bands were transmitted to B, 51 and 
§2 (18, 24 and 18, respectively), as expected for heterozygous bands. Of the 
61 bands in M, more than half were inherited by B, 51 and S2 (32, 38 and 
39, respectively; mean = 36.3), as expected since some of M's bands will be 
shared by the father and will therefore be transmitted to most or all children. 


if M’s DNA fingerprints contain n shared bands transmitted to all children: >. 


plus (61 — n} heterozygous bands transmitted to half the children, then 2 +0.5. 
(61-1) = 36.3, whence n = 12, consistent with the estimate of ~16 bands 
common to M and the father (see above). The DNA fingerprints of X are 
comprised of 21 paternal-specific fragments plus 40 bands shared with M. 

The proportion of the latter bands which are maternal-specific and not 
shared by the father can be estimated in two ways. First, the number of. 
maternal-specific bands should be roughly equal to the number specific to _ 
the father, that is, 45/2 = 22.5. Second, n (~12) of the 40 ‘maternal’ bands 

in X will be shared maternal/ paternal bands (see above), which leaves 28 
maternal-specific bands in X. The number of fragments that X has acquired 


specifically.from his mother is therefore ~25, Probabilities of band sharing: po | 


The mean probability that a fragment in one individual is matched bya 
band of similar electrophoretic mobility and autoradiograph intensity ina 
second random person is defined as x (x= 0.32-0.26, see above). ‘Larger 
minisatellite fragments are less frequently shared, probably due to lower 
allele frequencies and better electrophoretic resolution, and thus the frag- 
ment sharing probability x is heterogeneous’. Since almost all fragments 
are inherited independently’, the maximum probability that all n fragments 
in an individual are present in a second random individual is therefore x” 


any heterogeneity in x will reduce this probability. Band sharing between 0- 






sibs: If shared bands always represent identical alleles of the same hypervari- 
able locus, then, assuming that all alleles have equal frequencies, x is related. 
to the allele frequency g by x=2g~q’. At Hardy-Weinberg equilibrium, p 

the probability that a band i in an individual is also present in a sib.can be 
shown to be (4+ 5q -6q° + q°}/4(2—q) (case i). The other extreme. case is 
that bands shared by unrelated individuals are never allelic (that is, that 
there are many loci at which a band with a given electrophoretic mobility 
may be found). Then q can be defined as the probability that a given band 


will be found in a random gamete trom the population. As before, x = 2q-q", oe 
but the probability of band sharing between sibs can now be shown to be — 


(1+q~q")/(2~4q) (case ii). For x= 0.26, q is 0.14 and the probability of 
band sharing is 0.62 (case i) or 0.60 (case ii). 











| resent | in “the DNA fingerprints of x i Fig. 


unrelated individuals? (see individual U in Fig. 1), this suggests 
very strongly that X has the same father as B, S1 and $2. After 
-~ Subtracting these paternal- specific DNA fragments, there 
~ remained 40 fragments in X, all of which were present in M. 


.. This in turn provides strong evidence that M is the mother of 








oe 'X, and therefore that X, B, S1 and $2 are true sibs. 


How certain is this identification? We have shown previously 


that the mean probability that a fragment in the DNA fingerprint . 


of one person is present in a second individual selected at 


-~ random is approximately 0.2 for Nothern Europeans”. The corre- 


ee sponding estimate for the father and M is ~0.26 ( Fig. 1 legend), 
establishing that DNA fingerprint variability in these Ghanaians 
AS not significantly different from that of Northern Europeans. 
In the following probability estimates, we shall make the highly 
~ Conservative assumption that all bands are shared with a uniform 
_ probability of 0.26 per band (see Fig. 1 legend for further dis- 
cussion). 

The first question is whether X is related to this family. The 
DNA fingerprints of X contain 61 scorable fragments, all of 
which are present in M and/or the father. If X is unrelated, the 
probability that each of his bands is present in these parents is 
_1—(1-0.26)’ = 0.45; the probability that M and/or the father 
by chance possess all 61 of X’s bands is therefore 0.45% = 
7x107”. X is clearly related to this family. 

The next problem is whether an unrelated woman, and not 
M, could be the mother of X. The DNA fingerprints of X contain 
40 ‘maternal’ fragments, of which we estimate that ~25 were 
inherited specifically from the mother; remaining fragments are 
shared between the mother and father and cannot therefore be 
used to adduce evidence for M’s maternity (Fig. 1 legend). All 
25 maternal-specific fragments in X are present in M. The chance 
that M is unrelated to X but happens to share all 25 fragments 
is therefore 0.26% = 2x 107’. Thus, X and M must be related. 

The final and most difficult problem is whether any of M’s 
sisters, who were not available for analysis, could be the mother 
of X (the father, of course, would have to be M’s husband). If 
bands are shared between random people with a mean probabil- 
ity of 0.26, the corresponding chance that a fragment in one 
individual is also present in a sib is 0.62 (Fig. 1 legend). The 


odds that M is a sister of X’s true mother but by chance contains . 


all 25 of X’s maternal-specific bands are therefore 0.6275 = 
6x 10°. We therefore conclude that, beyond any reasonable 
doubt, M must be the true mother of X. This evidence, along 
with results from conventional marker analysis, was provided 
to the immigration authorities, who dropped the case against X 
and granted him residence in the United Kingdom, allowing 
` him to remain with his family. 

This difficult case demonstrates how DNA fingerprints can 
give unequivocal positive evidence of relationship, even in some 
cases where critical family members are missing. The present 
_ case was simplified by the fact that X has the same father as 
his sibs, and that this father did not transmit any bands solely 
to X (on average, 1/16th of paternal bands would be so trans- 

mitted). Such X-unique fragments, while apparently weakening 
the evidence for the relationship between X and M, would not 
‘in practice necessarily invalidate the analysis. X would be 
unlikely to have more than 5 such paternal fragments, in addition 
to the 25 maternal-specific fragments. The odds of at least 25 
out of 30 specified bands matching by chance between X and 
M if they are unrelated, or if M is X’s aunt, is 8x10" and 
9x 107%, respectively. This analysis is therefore robust and would 
-give clear evidence for or against claimed relationships in most 
. Such cases. Usually, of course, all relevant members of a family 
will be available, in for example Paternity disputes or with 
families having difficulties in reuniting by immigration; such 
cases will almost always be resolvable using a single DNA 
fingerprint test. 

o. We thank the family and Sheona York of the Hammersmith 
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Short interspersed repetitive DNA sequences GINES ar 2 
major component of dispersed repetitive DNA in all- mammalian 
genomes (see refs 1-6 for reviews). Most SINEs contain 
intragenic RNA polymerase III promoter that initiates transer 
tion at the 5’ end of the repeated DNA sequence’ and which h 
been proposed to facilitate the transposition and amplification 0 
these sequences by an RNA-intermediate mechanism”®"™, We have 
discovered several SINE families in the prosimian Galago 
crassicaudatus which have promoter regions similar to transfer 
RNA genes'”!”, To determine the relationship between Galago 
SINEs and mammalian tRNA genes, we have compared the 
sequences. Here, we demonstrate that the Galago monomer and 
type I SINE families’? are 68 and 62% homologous, respectivel 
with a human methionine tRNA gene'*. We have extended oi 
analysis to include the rat identifier’ and mouse B2 (ref. 16) 
families and show that their sequences are closely related to alanis 
and serine tRNA genes, respectively. Our observations sugges 
that many mammalian SINE families are amplified {RNA 
pseudogenes, 
The most extensively characterized family of SINEs i is s the 
human Alu family, present in excess of 500,000 copies in- 
haploid human genome’’. The Alu family consensus sequen 
corresponds to a dimeric structure composed of two related an 
tandemly arranged monomeric units, each ~ 130 base pairs (by 
long with an additional 31 bp in the middle of the right-ha 
sequence (Fig. 1)'*. This dimeric structure. is conserved 
throughout the primates'*, but Alu family-related sequenc 
are found only as monomeric sequences in rodent species?” 
This difference in primate and rodent Alu family stru 
suggests that there has been a rapid amplification or rep. 
of Alu family sequences since the rodent-primate di 
To determine the mechanisms involved in genera 
ing SINEs, we have studied the evolution of Alu family 


in several primates and discovered that G. crassicauda ] 
tains two types of Alu family sequence (Fig. 1). One is — 
related to the human Alu family (type 1) and the oth 7 


H)" has an identical right half, but a very different lef 
sequence. We have also discovered that the Galago- genom 
contains an independent repetitive DNA family, designa 
‘monomer’, which is not homologous with the human + 
family’? . The monomer family is similar in copy number 
other two Galago families and is closely related to the left. 
sequence of the type II family (Fig. 1). The structural relation- 
ship of these Galago families suggests that the type II sequence 
has arisen by the integration of a monomer family member into 
the centre of a type I family’. This fusion of two sepa 
repeats has apparently spread as an independent family “Us 
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RNA pone fiom aan mammalian la 
y strong homology with the monomer consensus 
‘The best homology (~68%) was found with the 
jonine e tRNA gene™ (Fig. 2a). Unlike homologies 
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Fig. 1 Structural relationship of the human Alu family w to- 
three major repetitive DNA sequences found in Galago (b). The 
consensus structure of the human Alu family and the Galago type 
I, type I] and monomer families are shown schematically to demon- 
strate regions of homology (depicted by identical shading) among _ 
primate repetitive DNA sequences. The human Alu family (dimer) 
is composed of two related and tandemly arranged sequences 
(shaded and solid boxes) with an additional 31 bases in the right- 
half sequence'*. The Galago type I family is closely related to the 
human Alu family and demonstrates sequence homology. to the 
human dimer throughout its structure’*. The type I family in. 
Galago has a right-half sequence-(solid box) homologous with the 
type land human Alu right-half sequences". However, the left-half 
region of the type H family (open box) is appreciably different 
from analogous regions in the type I and human Alu families. The 
Galago monomer family (open box) is closely related to the type 
II left-half sequence. Some common features shared by all four. 
primate repetitive DNA families are the direct repeats (arrows) 
that flank the repetitive sequences, the intragenic RNA polymerase 
III promoters (block A and B), and the oligo-dA-rich sequences 
located at the 3° end of each region (marked by an A beneath 
the region). 


base-pairing. Thus, we do not believe that the tRNA-like struc- 
adi š thë methionine tRNA anticodon CAU and several ture is under a strong evolutionary constraint in the monomer 
y conserved nucleotide positions involved in folding of the family, but is probably a vestigial remnant of its tRNA pro- 
ructure™. genitor. 

: ave monomer a sequences do not usualy fit the The possibility that other highly repetitive DNA families are 
diverged from RNA polymerase IHI transcribed genes was sug-. 
gested by the observations that the Alu family seems to have | 
evolved from a 7S RNA gene” and that the monomer family 
is apparently derived from a methionine tRNA gene. “Therefore, 
we compared two other major repetitive DNA families, the 
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INA gene with; the best. homology 
toa particular mammalian. repetitive 
DNA sequence is aligned with it to show similarities in the sequence. a, Galago monomer and type H Alu family consensus sequences 
compared. with the human methionine tRNA gene'* to demonstrate regions of homology. Vertical lines show the positions of homologous” 
bases in each sequence.. The anticodon for the methionine tRNA gene (CAT) is underlined to indicate its position within the sequence. | 

“Deletions are: represented by dashes in the sequence. We have shown only the first 100 bases of the type If consensus sequence as this i is the 

y region homologous to the monomer and methionine tRNA gene sequences. b, Sequence comparison of the rat identifier sequence’* and 
B. mori alanine tRNA gene”, The anticodon sequence for the alanine tRNA gene (AGC) is underlined to indicate its position. c, Comparison 
equences for the mouse B2 family’® and the rat serine tRNA gene”, The anticodon sequence for the rat serine tRNA gene (GCT) is. - 
iderlined, Dashes in either sequence represent a deletion relative to the other sequence. We have shown only the first 100 bases of ee mous: D 

} sequence as this is the only region- PAPERS with the Ser tRNA gene. a 




















Fig. 3... Secondary structure comparisons of the human methionine 
to putative transcripts of several mammalian repetitive DNA | 
ences. The human methionine tRNA (a) is drawn in a typical 
‘cloverleaf structure to demonstrate the base-pairing of its stems. 
The 5’ and 3’ termini are labelled, as are the aminoacyl stem (1), 
-the dihydrouridine loop (I), the anticodon loop (II), and the 
=> pseudouridine loop (IV). Using the homologies depicted in Fig. 2, 
we have drawn the monomer consensus (6), a portion of the mouse 
A amily consensus (c) and the rat identifier family consensus 
(dy sequences as cloverleaf tRNA-like structures. Lines are drawn 
~ between bases in the tRNA structures to demonstrate regions of 
base-pairing. Guanine-uridine base pairs are allowed in this analy- 
sis of secondary structure. 












mouse B2 family’ and the rat identifier family’, with the 
mammalian tRNA genes in GenBank. In both cases, significant 
homologies are found. 

We originally compared the rat identifier family (ID) with all 
mammalian tRNA genes and found that 64% of its sequence 
is homologous with the human phenylalanine tRNA”. However, 
subsequent comparisons with tRNA genes that have not been 
characterized in mammals demonstrated that there is a stronger 
homology (73%) to an Ala tRNA gene isolated from Bombyx 
mori” (Fig. 2b). The homology with the silkworm tRNA gene 
‘is evenly distributed throughout the length of the sequence and 
the Ala tRNA anticodon, AGC (see Figs 2b, 3d), closely 
resembles that of the rat identifier sequence (AGG). For these 
reasons we propose that the rat identifier family is derived from 
an AlatRNA gene. Although we cannot exclude a similar tRNA 
_ gene as the actual progenitor, the 73% overall homology between 
- these sequences is the best we have encountered when comparing 
“SINE families with tRNA genes. 

The mouse B2 family homology with the rat serine tRNA 

gene” (Fig. 2c) is again consistent with selecting the tRNA gene 
with the best homology (64%) and the proper anticodon 
“sequence (GCT for Ser). The major difference between these 
f sequences is that several bases are missing around position 60 
in the mouse B2 consensus sequence. This region corresponds 
to the small, looped-out region between the anticodon stem and 
the pseudouridine stem (Fig. 3c). It is common for variation in 
sequence length to occur in this region of different tRNA genes, 
which suggests that the mouse B2 family has arisen from a 
different Ser or closely related tRNA gene and not the one 
actually used in this comparison. 

Several structural features of the SINEs are thought to be 
important for the mechanism of amplification through an RNA 
intermediate’ ‘1! The discovery that tRNA genes are progenitors 
-of repetitive DNA families helps us to understand the factors 
that allow them to amplify so effectively. An obvious requirement 

fora RNA polymerase III promoter to direct the formation 
‘anscripts. Because the promoter is internal, the trans- 
quences may also be capable of transcription. Second, 







re should be a region of oligo-dA. eee near the 3’ end _ 
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of the SINEs to allow eficient self-priming for reverse transcı rip- 
tion by the uridine-rich sequence at the 3’ end of the transcrip 
This dA-rich sequence could be acquired either by genom 
sequence rearrangements or by transposition of a tRNA ger 
or pseudogene to an oligo-dA region. Third, tRNA-related genes 
cannot contain sequences within their structure that block 
efficient reverse transcription. of the RNA, such as very str 
secondary structures”. In this regard, the SINE families 
picted in Fig. 3 show less secondary structure than the pas 
genes and might therefore be expected to reverse-trans 
more efficiently. Fourth, amplification. of the tRNA-relat 
sequence should not have any deleterious effects on the 
Thus, sufficient mutations may have to accumulate in the tRN 
sequence to abolish competition with cellular function o 
parent gene before extremely high copy numbers c 
accommodated by the cells. This could require several pe 
mutations or deletions to alter sufficiently the gene struc 
The finding that. many of the major SINE famili 
evolved from RNA polymerase HI genes of known ft 
suggests that most of the members of these families a 
pseudogenes with no physiological function. In additio 
tRNA-derived families discussed here, the mouse Blai 
mate Alu families seem to have originated from the 7SL R 
gene”, Since the submission of this manuscript, 
homologies for a goat repetitive DNA family“ and for the 
B2 and rat ID families*! have also been found independe 
Theoretical arguments for such families as ‘selfish DN 
already been presented’, The suggestion that SH 
pseudogenes i is further. ‘supported by the relatively rece 
ution of some of these families and the presence of ¢ each fan 
in only a limited speci es range. The monomer family is t 
illustration of this suggestion, as hybridization to bovine, 1 
tree shrew, lemur, owl: monkey, rhesus. monkey and 
genomic DNA showed no evidence for its amplificati 
the Galago genome (data not shown). If these repeate 
ao serve some a eto fonction, such i as a, 0 
gul: an 


























fferent species. s. This “do 
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thi ‘regulatory a site v was f ace upstream of the intact his3 promoter 
region and structural gene at several locations. Normally, his3 
Dh gta in these derivatives occurs at a basal level which can 





i omal his3 iamete caia elements aad reduces ERRA both in 
normal and starvation conditions. The implication from these 





-300 





-209 





-100 


Fig. 1 Experimental design. All the DNA molecules derive from 
Yip5-S¢c2812, which contains a 6.1-kilobase (kb) EcoRI- Sall his3 
segment (shaded bar at top) cloned in the ura3* integrating vector 
YIp5 (refs 13, 22). The locations and orientations of the his3, pet56 
and 2.3-kb transcripts are shown as arrows above the shaded bar, 
and restriction sites are indicated by vertical lines: R, mutated 
EcoRI site; B, BamHI; Xb, Xbal; S, Sall. Beneath the bar is an 
expanded view of the his3 promoter region, which includes the 
upstream promoter element (U), the positive regulatory site (R), 
the TATA promoter element (T), and the RNA initiation sites 
located at positions +1 and +12 (solid vertical lines)'*:'®. The 
derivatives that were tested in the present work (numbered at the 
right-hand side) were constructed by joining DNA segments con- 
taining the his? promoter region and structural gene (right side) 
to upstream segments in which the gall,10 element was either 
present or absent (left side). The promoter-containing DNA frag- 
ments have varying amounts of upstream sequences and they are 
bounded by EcoRI linkers (details of the method to be published 
elsewhere). The precise endpoints (indicated within the shaded 
bars and listed in Table 1) were determined by dideoxy DNA 
sequencing” of appropriate fragments cloned into the single- 
stranded vector mp8 (ref. 24). To create gal-his3 fusions, the his3 
promoter segments were joined via the EcoRI cohesive ends to a 
segment containing the 365-bp gall,10 region (solid box) and his3 
sequences upstream of nucleotide —169 (ref. 13) (not drawn to 
scale). The control molecules lack the gal region, but they contain 
his3 sequences upstream of —447. These derivatives, which 
effectively have an EcoRI site at the normal position of the BamHI! 
site, are derived from YIp5-Sc3319 (ref. 13). To assess the 
phenotypes of the derivatives, DNA molecules were cleaved with 
Xbal and introduced into KY117 (relevant genotype ura3-52, 
his3-A200, GAL*) by selecting for Ura* transformants. As the. _ 
his3-A200 allele deletes all sequences between —178 and +874 — 
(unpublished results), the only his3 sequences in the resulting | 
strains arise from integration of the transforming DNA. The 1.7-kb 
BamHlI-generated DNA fragment was used as a hybridization 
probe to prove that the transformants resulted from integration of 
a single molecule into the his3 locus; it was also used to measure 
RNA levels (see Fig. 2). 


results is that in contrast to catabolite repression in Escherichia 
coli, which is mediated by catabolite-activating’ protein (CAPY, 
catabolite repression in yeast occurs by a negative control mechan- 
ism involving a putative repressor protein. The observation that 
this regulatory site exerts its repressing effects even when located 
upstream of an intact promoter region suggests that repression in 
yeast is not mediated by steric interference between regulatory | 
proteins and the transcriptional apparatus. | 
Certain yeast genes are transcribed at reduced levels when — 
the sole carbon source in the medium is glucose as opposed. to” 
other compounds which are less directly metabolized*-”; This 
glucose effect (catabolite repression) is usually observed for 
genes involved in the metabolism of poor carbon sources, the 
rationale being that such gene products are not needed when a 
cells are metabolizing glucose’. Tai 
The gal7, gali and gall0 genes, which convert. exogencot is 
galactose into glucose 1-phosphate, are. highly du ing 
tose-containing medium, and aey are algo subjec 
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Fig. 2 RNA levels. Strains were grown in YP medium (1% yeast 
extract, 2% peptone) containing either 2% glucose or 2% galactose 
as the sole source of carbon, RNA was extracted from half of a 
30-ml culture collected in the exponential phase of growth. Lanes 
1-6 represent 50 pg total RNA from the following strains grown 
in glucose medium: the untransformed parent KY117 (lane 1); 
control molecule, —200 endpoint (lane 2); control molecule, —153 
endpoint (lane 3); gal-his3 fusion, —188 endpoint (lane 4); gal- 
his3 fusion, -153 endpoint (lane 5); the wild-type strain KY114 
(lane 6). Lane 7 contains 50 ug RNA from a strain with $c3357 
grown in galactose medium. All RNAs were separated elec- 
trophoretically in a 1.7% agarose gel containing 6% formaldehyde, 
then transferred to nitrocellulose. The hybridization probe was 
**P-labelled Sc2676 DNA (corresponding to the 1.7-kb BamHI 
fragment) prepared by nick-translation; this probe is homologous 
to the entire his3 gene, and also to 330 bp of a 2.3-kb mRNA 
species, which provides an internal control. Details of the method 
have been described previously'*. 


repression’. Studies of the divergently transcribed gall and gal10 
genes indicate that the regulatory sites specifying catabolite 
repression and galactose induction are located several hundred 
base pairs (bp) upstream from the RNA initiation site". This 
location is well upstream from the TATA sequences which are 
necessary, but not sufficient, for transcriptional initiation. Fur- 
thermore, when the upstream promoter elements of the cyc? 
and his3 genes are replaced by a 365-bp fragment from the 
gall,10 region, these unrelated genes are now hala to both 
catabolite repression and galactose induction'” 

Note, however, that in these fusions, the gal region is fused 
to DNA segments that by themselves are transcriptionally inac- 
tive because they contain only the TATA element. Thus, it is 
impossible to determine whether the lack of expression in 
glucose medium is due to a ‘failure to activate’ or to bona fide 
repression. Moreover, this problem is complicated by the fact 
that it is impossible to observe repression in the absence of 
transcription. In previous gal experiments™", catabolite 
repression was mesured in medium containing both glucose and 
galactose because transcriptional activation occurs only in galac- 
tose medium. Thus, in this and other examples of catabolite 
repression, it is difficult to distinguish the effects of activation 
from those of repression. 

In the present work, I fuse the 365-bp gall0 segment to several 
his3 segments containing the entire promoter region. In glucose- 

containing medium, the wild-type his3 gene is transcribed at a 
basal level (1-2 messenger RNA molecules per cell) which is 
typical for yeast genes in general". This basal level is not affected 
by the source of carbon in the medium’. Extensive deletion 
analysis has defined the his3 promoter elements that are 
necessary and sufficient for this basal level of transcription: 
these include an upstream promoter element located 112-126 
nucleotides upstream from the RNA initiation site (nucleotides 
—112 to —126) and a TATA element located between —32 and 
—52 (refs 15-17). In other words, the entire promoter region 
necessary for normal levels of his3 transcription is contained 
within the 130-bp region immediately preceding the RNA coding 
sequences. 

Thus, in this experimental scheme, catabolite repression is 
analysed under cicrumstances in which transcriptional activa- 









Table 1 Structure and phenotypes of his3 derivatives 
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IGP dehydratase activity < 


































DNA his3 Upstream Downstream 
fragment allele endpoint endpoint Glucose Galactose Ri 
$c3355 G12 GAL —200 0.2 
$c3357 G13 GAL —188 0.2 
$c3379 G14 GAL —169 0.2 
§c3377 G15 GAL —153 0.2 
Sc3404 å71 —447 —200 1.0 
Sc3405 A72 —447 —188 1.1 
$c3406 A73 447 —169 1.0 
$c3387 A74 —s47,. >. 1.1 
$c3366 A75 —447 . -131 ~» 10 
Wild type - - aig 1.0 


All DNA ESO were derived from $c2812, and their corresponding his 
allele numbers are prefaced by a G for gal-his3 fusions or by a A for in l 
deletions. The upstream and downstream endpoints are listed (see Fig. 1 a 
details). Strains were grown in YP medium (1% yeast extract, 2% peptone) — 
containing 2% of the carbon source to be tested (glucose or galactose). P 
dehydratase enzymes activities were determined by standard methods”! ¢ n 
chloroform-permeabilized cells from 15-ml cultures, Assays were performed j 
duplicate and values were normalized to the number of cells assayed. Act er 
levels are presented relative to that of wild-type cells (defined as 1.0); the error 
~+10%. v 


tion is achieved by a fully functional and heterologous promoter. 
In addition, by measuring his3 levels in glucose morun i 
repressing effects conferred by the gal segment can be sep: à ted 
from activating effects. 
The DNA molecules used in these experiments were derive : d | 
from YIp5-Sc2812, which contains the ura3 selectable mar rs 
and a 6. 1-kilobase (kb) his? DNA fragment (Fig. 1). The ga 
segment was fused to the his3 gene at positions —200, “188, 
—169 and —153. As controls, the identical hiss} DNA segments — 
were fused to position —447 instead of the gal DNA fragment; 
this position is located within the pet56 structural gene, and | the 
adjacent sequences do not contain an upstream promoter ele- 
ment'’. By selecting for ura3* transformants, the gal-his3 — 
fusions and the control DNAs were integrated in single ia 
exactly at the normal his3 chromosomal location (see Fig 
legend). The resulting strains were grown in appropriate mediur 
and then assayed for his3 expression either by assessing th e 
level of IGP dehydratase (the his3 gene product) (Table D9 or 
by determining his3 RNA levels (Fig. 2). a P 
When the strains were grown in glucose medium, the gal-hi i s3 
fusions produced only 20% as much IGP dehydratase as botha 
the control molecules and was the wild-type his3 gene (Table 
1). When the same strains were grown in galactose mediu m, 
his3 was expressed at an extremely high level, which was indi 
tinguishable from that observed with previous gal-his3 fusion’ J 
in which the gal element replaced the his3 upstream element”, 
To prove that this ‘glucose effect’ occurs at the level of transcrip > | 
tion, two of the gal-his3 fusions and their respective control 2 
molecules were analysed for his? RNA production. As shown — 
in Fig. 2, the gal-his3 fusions (lanes 4, 5) produced undetectable 
quantities of RNA, whereas the control molecules (lanes 2,3 
produced similar levels to the wild-type strain (lane 6). 


Table 2 Detailed phenotypes 





IGP dehydratase activity 

his3 Upstream Downstream Glucose Raffino se . 
allele endpoint endpoint Glucose +AT Raffinose +AT 
G13 GAL -188 0.2 0.9 11 32 Sn 
G15 GAL -153 0.2 0.7 1.0 29: > 
A72 -447 -188 1.0 3.1 1.0 3.4 

A74 -447 -153 1.1 3.0 1.1 3.1 

Wild - - 1.0 3.0 1.0 33 


type 





The his3 allele numbers and the upstream and downstream endpoints are 
described in the text and in the legend to Table 1. Strains were grown in minimal 
medium containing 2% of the carbon source to be tested (glucose or raffinose). 
For conditions of amino-acid starvation, cells were collected 6-8 h after addition 
of aminotriazole (AT) to 10 mM. IGP dehydratase activities were determined as 
described in Table 1. 








ig iidype reaans that the his3 sequences are e fully com- 
ot his3 expression", and that the glucose effects are 
ically to to the RARA gal me Third, Gim expression 




















































resed at ca 20-3 0% of the level of expression 
molecules, whereas in raffinose medium, the fusions 
eds milarly to the controls, Thus, catabolite repression of 
gene is observed even when the gal regulatory site lies 
am of a functionally intact promoter region. 
n many forms of regulation, RNA levels of a particular gene 
higher in one circumstance than in another. However, it is 
ossible from such physiological phenomenology to deter- 
mine whether this gene is subject to positive or negative control. 
example, the term catabolite repression defines the lower 
els of expression that are observed when glucose i is the carbon 
source’. However, in E. coli, catabolite repression, despite its 
ne, represents a positive control mechanism because the CAP 
gulatory protein activates transcription’. This activation 
quires cyclic AMP as a cofactor which binds to the CAP 
protein. Thus, as cells grown in glucose medium contain less 
intracellular cyclic AMP than cells grown in poorer carbon 
sources, catabolite repression is actually a consequence of the 
lack of a functional activator protein rather than the presence 
of a repressor protein. 
The experiments reported here suggest strongly that catabolite 
repression in yeast indeed occurs by a negative control mechan- 
m. The control region in the gal segment overrides the normal 
is3 promoter elements and greatly reduces trancription. Such 
sult cannot be explained by the lack of a functional activator 
tein because if this were the case, normal levels of his3 
xpression would be expected. Indeed, normal levels are 
bserved in raffinose medium, conditions in which catabolite 
ssion does not occur. Thus, catabolite repression is prob- 
mediated by a repressor protein that recognizes sites in the 
segment and in analogous regions for other genes under 
t control. 
experiments destribed here also demonstrate that 
te repression and. galactose activation are separable 
es of the gal regulatory region. In particular, catabolite 
on of his3 expression is observed in the absence of 
ose. This ‘Suggests strongly that these two regulatory 
re mediated, at least in part, by different DNA 
n the gal segment. This notion is supported by 
tations of the gal segment which are defective in 
ession yet are fully functional in terms of galactose 
Note that the catabolite repression described here 
nts a 5-fold effect, whereas previous experiments (com- 
s grown in. galactose with those grown in galactose 
cose) indicated a 20-fold effect?'°. This apparent 
ce probably results from inducer exclusion effects (cells 
o transport. glucose in preference to galactose)” 10 and 
in the binding of the gal4 activator protein’®. The experi- 
nt I design used in the present work clearly distinguishes 
repression from these other effects, which both represent incom- 
plete activation. 
Prokaryotic repressor- proteins inhibit transcriptional initi- 
ation by binding to sites that overlap the promoter region and 
jus interfere with functional RNA polymerase binding’. 





























Similarly, the purified simian virus 40 T-antigen binds to sites 





ed at various positions be the | e 
TATA box”. This effect i is not ‘observe vhen the pare si ei 
placed close to but upstream from the gal element. a 

In contrast, the catabolite repression site in the gal region 
exerts its effects even when located upstream of an intact pro- 
moter region. The gal site also appears to reduce expression | 
when upstream of the cyc! promoter, although this is compli- 
cated by the fact that cycl expression itself is subject to catabolite 
repression”. In the derivatives examined here, the critical regu- 
latory region is located ~ 100-150 bp upstream of the his3 
upstream promoter element’*’’, Because this is a rather large 
distance, and because the his3 elements are intact, it seems... 
probable that the mechanism of repression does not involve = 
steric competition between the presumptive regulatory protein 
and the transcriptional apparatus. Ost 
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Nuclear extracts from — 
globin-synthesizing cells 
enhance globin transcription in vitro 
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In vitro transcription studies of cloned messenger RNA-coding _ 
genes have yielded considerable information regarding the — 
sequence elements and protein factors involved. in transcripti n 
initiation and RNA processing (reviewed in ref. 1). Fractionati 

of whole-cell”, S-100 protein? and nuclear extracts‘ reveals t 
existence of both general class H and geie peciar 













tion systems prepared from cells i in culture are largely n ama ee, 
for the origin of the template DNA", they are hi | 
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Fig. 1 Response of y-globin (G) and adenovirus-2 major late promoter (Ad) 
transcription to the K562 nuclear extract. The products of the in vitro transcrip- 
tion reaction were electophoresed in formaldehyde-containing gels. The upper 
band is the y-globin transcript, 622 bases long, and the lower is the 442-base 
transcript from the Ad-2 major late promoter. The pyP4.0 y-globin cloned 
DNA”! was digested with Psrl restriction endonuclease while the Ad-2 cloned 
DNA (the SmaF fragment containing the major late promoter; ref. 3) was 
digested with Avall. a, Lane 1, control reaction in which 2l of the KCI- 
containing buffer (used to wash the K562 nuclei) was mixed with 0.5 yg DNA 
before transcription initiation, In lanes 2 ~4, the DNA was pre-mixed with 2 pl 
of K562 extract containing 1 x 10°, 2.5 x 10° and 1 x 10° cell equivalents, respec- 
tively. The mass ratio of y-globin to Ad-2 template was 5: 1. b, Effect of template 
concentration. Transcripts from reactions containing 0.25 ug (lanes 1, 2), 0.5 pg 
(lanes 3, 4) and | pg (lanes 5, 6) of total DNA. The mass ratio of globin to 
Ad-2 DNA was 5:1. The DNA was pre- -mixed with 2 ul of control buffer in 
lanes 1, 3 and 5, and with 2.5x 10° cell equivalents of K562 extract in lanes 2, 
4 and 6. c, Response of y-globin and adenovirus major late promoter to a 
nuclear extract prepared from uninduced K562 cells. The control reaction (lane 
1) was carried out by mixing 2 wl of the KCl-containing buffer with 0. 5 ug DNA 
before transcription. In lanes 2-5, the DNA was pre-mixed with 1 x 10°, 2.5 x 10°, 
5x 10° and 1 x 10° cell equivalents, respectively. The mass ratio of the y-globin 
to Ad-2 template was 5: 1. 

Methods. Whole-cell transcription extracts were prepared by the method of 
Manley et al? from HeLa cells grown in suspension culture in Eagle’s minimal 
essential medium containing 10% fetal calf serum. Transcription assays were 
performed in 50-1 volumes. When more than one DNA template was used, the 
two DNAs were premixed and diluted to 0.2 ug u!” * to minimize pipetting error, 
before adding aliquots to reaction tubes; 5 ul of nucleoside triphosphates con- 
taining 5 mM, ATP, CTP and UTP and 1 mM GTP were added together with 
10 pCi of [a- ° P]GTP, water to raise the final volume to 50 pl, and finally 30 pl 
of the HeLa whole-cell extract. This extract contained 20 mM HEPES ( pH 7.9), 
0.1mM EDTA, 12.5mM MgCl,, 100mM KCl, 2mM dithiothreitol and 17% 
glycerol. Incubations were for 1 h at 20-22 °C. Reactions were stopped by adding 
an equal volume of 8 M urea, 2% SDS, 40 mM EDTA and raising the temperature 
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to 100 °C for 5 min. The mixtures were treated twice with phenol-chloroform, the aqueous phase was ethanol-precipitated and the pellets washed with 70% ethanol 
before denaturation and electrophoresis. The electrophoresis gel systems used were: (1) 7.5% polyacrylamide in 8.3 M urea; (2) 1.5% agarose after denaturation 
in glyoxal (described in ref. 22); and (3) 1.5% agarose containing formaldehyde (described in ref. 23). Human erythroleukaemia-like cells, K562, were grown in 
suspension in minimal essential media supplemented with sodium pyruvate, glutamine, 15% fetal bovine serum, non-essential amino acids and vitamins, Cells in 
log-phase growth were induced to synthesize haemoglobin by addition of haemin to a concentration of 25 pM. The percentage of benzidine-positive staining rose 
to over 80% after exposure to haemin for 3-4 days. Cells were then washed three times in buffer containing 1 mM Tris, pH 7.6, 25mM KCI, 0.9 mM MgCl, 
0.14 mM spermidine, 1 mM sodium butyrate and 0.5 mM phenylmethylsulphony! fluoride. Cells were resuspended in 35 ml of this buffer, allowed to swell on ice 
for 10 min, then Dounce-homogenized with a tight pestle. Approximately 10° nuclei were washed twice by centrifugation and resuspended in 0.5-1.0 ml of the 
same buffer, then incubated on ice for 15 min. After addition of KC! to bring the final concentration to 0.3 M, the nuclei were incubated for a further 30 min, with 
occasional stirring. The salt-washed nuclei were then pelleted and the supernatant or nuclear extract was drawn off, and aliquots were frozen at —70 °C. Activity 


was lost with multiple freezing and thawing. 


searching for tissue-specific and gene-specific transcription regula- 
tory factors. In the experiments reported here, we have added a 
nuclear extract prepared from human erythroleukaemia-like cells 
(K562, which can be induced to synthesize e- and y-globin mRNA 
and protein'*:'*) to several deproteinized DNA templates, and 
monitored transcription levels in a HeLa cell-free transcription 
system’. The K562 nuclear extract enhanced transcription of B-, 
e- and y-globin genes by as much as 30-fold compared with control 
non-globin templates. These results suggest the presence of a 
globin gene regulatory factor in erythroleukaemia cell nuclei. 

To visualize and quantitate levels of particular RNA polym- 
erase II transcripts, the template DNA was cleaved with a 
restriction endonuclease several hundred base pairs on the 3’ 
side of the capping site*, generating a suitably sized ‘run-off’ 
transcript which could be visualized by electrophoresis and 
autoradiography. For all of the genes for which the capping 
sites have been determined, the run-off transcripts obtained in 
our cell-free assay corresponded to the expected lengths (Table 
1). The effect of nuclear components from globin-synthesizing 
cells on the levels of transcription of various genes was deter- 
mined using the cell-free assay. Nuclei were prepared from 
K562 cells which had been induced with haemin to synthesize 
globin'*; at least 80% of the cells contained haemoglobin, as 
measured by benzidine staining. The nuclear extract was pre- 
pared by washing nuclei in a small volume of buffer containing 
KCI at 0.3 M (see Fig. 1 legend). Template DNAs were preincu- 
bated with the nuclear extract for 10 min at room temperature 
before addition of the HeLa whole-cell extract and **P-labelled 
and unlabelled nucleoside triphosphates. After incubation the 
RNA was purified and electrophoresed for analysis and quanti- 
tation of the effect of the K562 nuclear extract. 

Figure la shows the effect of the K562 nuclear extract on 


run-off transcription of a human y-globin template (denoted 
G) and the adenovirus-2 major late promoter (referred to as 
Ad) when both DNAs were present in the same reaction. In the 
absence of the K562 extract (Fig. 1, lane 1), Ad transcripts 
predominated by a factor of greater than 10:1 even though the 
mass ratio of globin to Ad template DNA was 5: 1. With increas- 
ing amounts of K562 extract, however, the level of globin tran- 
scription was markedly stimulated. Figure 1, lane 3, shows an 
11-fold stimulation of globin transcription relative to Ad tran- 
scription, compared with the control reaction (lane 1). Different 
K562 nuclear extracts were found to stimulate y-globin tran- 
scription 7-30-fold; this variability may be related to pro- 
tein/DNA ratios, yields of the enhancing activity in different 
preparations, extent of haemin induction (see below), or to other 
factors. Preincubation of the nuclear extract and template was 
required for the stimulatory activity to be observed. Addition 
of the nuclear extract to DNA preincubated in the HeLa whole- 
cell extract did not result in stimulation of globin transcription; 


this may have been caused by competition between various 


DNA-binding proteins for the DNA template. The K562 extract 
had little or no effect on Ad major late transcription over the 
concentration range in which globin transcription was stimu- 
lated. On addition of further amounts of K562 nuclear extract, 
the level of globin transcription began to fall (Fig. 1, lane 4). 
In this range, the K562 extract did not significantly suppress 
Ad transcription, although greater amounts of extract in other 
experiments did reduce both Ad and globin transcription levels 
(data not shown). Similar results were obtained for the human 
B-globin gene (Table 2a). We next tested the effect of template 
concentration while holding the amount of K562 extract per 
reaction constant (at the amount found to be optimal in Fig. 
la). Figure 1b shows that the lowest template concentration 
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ct lin iting at higher BI ‘ concentrations. Again, similar 
Zi a its were obtained for the B-globin template (Table 2b). The 
J im Ip plications of B-globin transcription are discussed below. 
nsitive to heating at 65 °C for 10 min; and the activity is Ated 
rom an anion-exchange resin, DEAE-cellulose (DE52), at a 
KC! concentration of 0.15 M. Therefore we conclude that the 
scriptional enhancing activity is due to a protein com- 
nent(s). We find that induction of the K562 cells haemin 
is necessary for activity. Extracts prepared fró uninduced cells, 
n which the constitutive level of benzidine positive-staining 
~ cells was less than 4%, had no enhancing effect on globin gene 
_ transcription (Fig. 1c). A 0.3 M KCI wash of chromatin isolated 
- fron om | hypotonically lysed HeLa cell nuclei had no enhancing 
{i activity (Fig. 2a). A similar extract prepared from human hepatic 
ca cinoma cells also had no effect on globin transcription; 
‘ew oo ti ver, a low-ionic strength wash of induced K562 cell nuclei 
howed no enhancing activity (Fig. 2b). 

= he observation that at a fixed amount of K562 extract 
aximum enhancement is found at the lowest template con- 
| fona ions, suggests that the enhancing factor does not act 
kitici and probably does not cycle between templates. To 
est for the formation of a stable complex between the enhancing 
fac stor and the DNA, an order-of-addition experiment was car- 
ried out. The y-globin DNA was digested with two different 


ias a 


2 a, Effect of a nucleat extract prepared a 


l fre m HeLa cells on globin transcription. Prod- > FESO 
ucts of transcription from the y-globin template “eet: 


e electrophoresed in a 7.5% polyacrylamide a 
sepa 8.3 M urea. In the reaction corre- 
«Spe onding to lane 1, 0.5 ug of DNA was mixed 
with a control buffer, before transcription initi- = 
ation, and in the other reaction (lane 2), the 
A was mixed with 2.5 x 10° cell equivalents 
of nuclear extract prepared from HeLa cells in 
same manner as the nuclear extract from 
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Table 1 In vitro templates. 
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470 476 
480 480 
1,450 1,450 
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500 Not determined 
2,900 rz 
2,100 2,10 
1,500 1,510 j 
900 ; 940 
570 -570 
330 334 
900 875 
450 442 
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. | ; a 
restriction endonucleases so that two transcrip . 
length would result from a mixed template reaction. C 
templates was preincubated with the K562 extract nf the 
addition of the second template. After a second incubation 
period, transcription was initiated in the dard fashion A > 
adding nucleoside triphosphates and the HeLa cell-free extract. 
In the control reaction (Fig. 2c, lane 1), the first template (cleaved 
with PstI, which gave rise to the longer transcript) was mixed 
with an equivalent amount of buffer while in the reactions of 
lanes 2-4 the first template was mixed with i increasing amounts _ 
of K562 nuclear extract. At the lower concentration of added — 
extract (5x 10* cell equivalents, lane 2) transcription from the 
first template added (PstI) was markedly enhanced relative to 
that from the second template (BamHI). With higher concentra- 
tions of extract, transcription was stimulated from both tem- 
plates. Even with higher extract concentration the first template 
va preferentially transcribed over the second. To test that the 
nse to the extract was independent of the DNA sequences 
between the two 3’ restriction sites, the order of addition of the 
templates was reversed. Identically, transcription from the first 
template (Bam eave was enhanced relative to that from 
the second template (Pstl-cleaved, data not shown). The level 
of enhancement of transcription from the first template is highly 
dependent on the amounts of both DNA and extract used; 
however, enhancement of transcription from the first template 
is independent of the amount of the second template. These 
data indicate that the K562 extract Sonas a non-cycling DNA- 
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1s K562 cells. M denotes length markers. b, Effects of KCI concentration on elution of transcription-enhancing activity. Products of transcription 
- from the y-globin template were electrophoresed in a 7.5% polyacrylamide gel containing 8.3 M urea. The control reaction (lane 1) contained — 


= Žal of control buffer (transcription buffer). The reaction corresponding to lane 2 contained 2x 10° cell equivalents of K562 extract prepared 





as described above, using 0.3 M KCI, and dialysed against the control buffer. In the third reaction (lane 3), the DNA was mixed with a K562 
extract prepared by washing nuclei in 50mM KCI followed by dialysis against the control buffer. The level of transcription shown in lane 2 . 
is 10-fold that shown in lane 1 or 3. c, Products of in vitro transcription from a mixture of two y-globin templates, one digested with Pst1 
and the other with BamHI. The upper band corresponds to the 622-base run-off transcript from the larger template (PstI) and the lower band 
corresponds to the 474-base transcript from the shorter template (BamHI). The control reaction (lane 1) involved pre-mixing 0.5 pġ of the 
larger template with control buffer, and in lanes 2-4 with 5x 10*, 2.5x 10° and 5x 10° cell equivalents of K562 nuclear extract, respectively. 
The mixtures were incubated for 10 min at 22 °C before the addition of 0.5 ug of the BamHI-cleaved template. A second incubation of 10 min 
at 22°C preceded the initiation of transcription as described. The ratio of transcription from the longer template to that from the shorter 
template is shown below each lane (P/B). The transcripts were electrophoresed in 0.5% agarose after denaturation with glyoxal. 
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To determine whether transcription enhancement of y- and 
B-globin genes’ was specific beyond the comparison with the 
Ad-2 major late promoter, other globin and non- -globin polym- 
erase H genes were tested. Figure 3a shows the major transcript 
obtained from the hepatitis. p virus (HBV) surface-antigen gene 

in the HeLa cell-free assay’. At protein/DNA ratios spanning 
those in which the K562 nuclear extract enhanced globin tran- 
scription, no positive effect on HBV transcription was observed 


described previously'® (Fig. 3b). Similar to the result for HI 
the K562 extract has no effect on the levels of any of these 
__ transcripts. In addition to polymerase HI promoters of viral 
(HLA), a aumen class I a locus ony gene 









Table 2 “Transcription. enhancement of -globin as a function of 
amount of K562 nuclear extract (a) and template concentration (b) 




















ca KE 562 extract Transcripts per 
(cell equivalents) gene per h* Enhancement 
0o 0.004 + 0.002 oo 
5x 10° 0,008 2x 
1x 10° 0.022 6x 
2x 10° 0.068 17x 
“§x10° 0.070 18x 
-1x 10° 0.058 15x 
Transcripts per 
DNA gene per h (+0.002) 
(ug) — extract + extract Enhancement 
0.25 0.006 0.024 4x 
0.5 0.006 0.164 30x 
1.0 0.092 0.270 6x 
20 1.368 1.356 ix 
4.0 0.616 0.622 1x 
8.0 0.066 0:058 1x 





Ina, 0.3 pg B-globin template DNA was used. In b, 2.5x 10° cell 
equivalents of K562 extract were used. 

Iculated from the specific activity of °°P-GTP, the number of G 
residues in the run-off transcript, number of genes in the reaction, and 
the dpm. incorporated { corrected for counting efficiency). 
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z of he human aise I HLAG ene were analysed ina i. 5% agarose ieee sivoual denaturation 3 
ne 1; lanes oe how the products of reactions sontaa 5 x 10°, 2x10° and X10 eelt 2- 


xal, The E- globin ‘cloned DNA was cleaved with BamHL The product of the control reaction is 
| i i ction nna 2.5% a cell faniyalepts of the K562 nuclear extract. > 


(Fig. 3a). Another polymerase I] promoter of viral origin ‘was 
=c tested for its response to the K562 nuclear extract. The complex: 
pattern of transcripts obtained from the thymidine kinase gene: 
(tk) of herpes simplex virus (HSV) was comparable to that 


such as chromatin structure 
















































Over a 16-fold range of DN, 
enhancement of transcription 
Of the polymerase I] genes | ) Y- 
and -globin templates responded positively to y the enh: n 
activity of the K562 nuclear extract. In addition to the 
globin genes, the third human £-like gene, e- globin (embryo. 
was also tested for its response in the transcription assay; 
also synthesized in K562 cells after induction'*!’. Similarly 
there was a d enhancement of e-globin. transcriptio 
the cell-free ass after preincubation with the nuclear extrac 
(Fig. 3d). We have not yet tested the effect of the K562 extrac 
on human a-globin transcription. It is curious that the K56 
extract stimulated 8-globin transcription (Table 2) as K56 cell 
express only the y and e genes and not the P gene 
presence of a B-globin gene family transcription factor ma 
a necessary but not a sufficient condition for transcript 
vivo. In the in vitro experiment, the effect of the developr 
history of the gene is lost and the roles of epigeneti 

18:19 oF specific chromatin oun 
non-histone proteins are not addressed.” ae 
Although the data. presented above support the exist n 
a globin gene-specific positive transcription factor, the effe 
the K562 nuclear extract on RNA stability must also b 
sidered. To test for preferential stabilization of globin 
synthesized a mixture of y-globin and Ad major-late 
transcripts in the HeLa system. RNA was purified anc 
resuspended either with the K562 nuclear extract or the 
lent buffer. A second incubation (1h) in the He! A 
preceded final RNA purification and gel analysi: 
ane to Ad earn we was identical for thee 















lates ransa pioi from the: B family of tora globi 1 
Assuming that only one molecule of this factor is bo 
utilized gene, we estimate that the abundance of this fa 
10° -10° copies per- K562 cell; This estimate is s based 


and the number of active gene ‘copies in the: reaction 
of 5x10" genes; ref. 12). Purification of this nuclear 
and determination of its site of interaction with the B-glo 
genes must now be attempted. a 
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Hothionein g genes are 6 transediptionally regulated by a number 
‘inducers including heavy metals. Previous mutational analyses 
the mouse metallothionein-I gene (mMTI) promoter have 
li neated a heavy-metal regulatory region between —60 and —42 
lative to ‘the transcription start site’? A pute copy of a 


ta em activity w was localized to an upstream region 
g fou cpap homologous to the identified MRE', 
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heterologous POr 














r sequences found i in the promoters of five 
ein genes from manć, mouse’, sheep and 
j er and G. Maroni, personal communica- 


mM TI promoter. In addition. Karin ¢ et tal! have hiawn that 
ions of the human metallothionein-I1, (AMTIA) pro- 
ater independently respond to heavy metals. One of these 
gions contains the hMTIIA MRE homologues d and e and 
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AMT-T, a crtracerccaaece. Eos: t: S 
b GCCTGCGCECGCCEE -74 r 
č. TRCTECGCAAAGCEE 1136. n 
fi CYGTGCGCCTIGECT J54 n 
` n 
T h 
q fH 
MAT~IT a A 
b Y 
C og. 
e ; C f ip 
f j GCCTGCACACGCCLT Po 
q -297 CYTTGCGCTCAGCTC -283 n 
sNT-I ê -54 CTCTGCGCECRGECE -49 p 
b -66 GOCTGCACCCGAGCT «bü r 
o B4 CGCTGCACCCEGGTC -98 r 
d -132  YTETTGCGETCGGCCS -118 n 
e -165 CGGTGCGCACGGAGC -JSI pn 
P -435 CTCTGCACACGACAC ~421 on... 
AMT a -12 AGATGCICTCGGTTT -26 poy 
bo -47  CTTTACACACOGGTC -61 po 
e -79 TJTTTGCACACGECGG -93 r 
d -107  ATTTGGAGCCSOCCS -933 n 
e ~128  TICTOCACACGTOTC -114 npn 
CONSENSUS CTNTSCRONCGGCCE 
§5-O8000- 976775 
b MRE~s’ GATCCCTTTGCGCCCGA 
GGAAACGCGGGCTCTAG 





MRE~a SATCECTTTACGCCCGGACTA 
GGAAACELGGGCCTGATCTAG 


MRE~b GATCCOTTT 5 a 
“ECARACGTGGGTCGTCTCTAS 





MRE~< GATCCAAGTGCGCTCGGCTCA 
~~ GTTCACGCGAGCCGAGTCTAS 


MRE~d GATCCCTCTGCACTCOGCCCA 
SGAGACS TGAGGCGGGTCTAG 


GATCCCTCTSCACTCCGCCCGA 
GGAGACGTGAGGCGGGCTCTAG 


MRE-e  GATCCCTGTGCACACTGGCGA 
~~ BGACACGTETGACCGCTCTAG 


MRE-d'" 





MRE =) GATCCACTCGTCOCGGCTCTA 
~GTGACGAGGGECGAGATCTAG 





Fig. 1 
from several sp 
listings indicate the species of origin: h, human**® 
sheep; d, Drosophila (J. Mercer and G. Maroni, personal communi- 

cation). Psat are written 5’ to 3; the eae i within each . 


a, MR mologues of metallothionein gene promoters 
s. Lowercase letters preceding the MT Bene 


ť m, mouse‘ 7 7S; 


















ce, The orientation — 


(ori) of the sequences within each promot is indicated. to the 
ee D, , normal, r, reversed. The mMTI and d AMTIIA hot mologi 








given, with the consensus nucleotide enis. at each position 
indicated below: 5 = 50%, 6 =60%,...9=90%, 0 = 100%. b, Both 
strands of the synthetic MREs corresponding to homologues a-e — 
(MRE-a to MRE-e) of the mMTI promoter are shown with the 
top strand listed 5’ to 3’. Also shown is the sequence of the 
previously tested MRE-a’ (referred to previously!” as MRE-a) and 
the sequences of MRE-d’ and MRE-h (see text). MRE-h is dis- | 
placed 6 nucleotides to the right to indicate our alignment of this 
sequence relative to the MRE consensus, All elements were synthe- 
sized with a BamHI site on the left and a Bg/TII site on. the right | 
(underlined). The single BamHI site regenerated on insertion 
facilitated the analysis of insert orientation. oo 








most of homologue f, while the other contains homologue a and 
part of homologue b (Fig. la). 

To verify the metal regulatory function of individual sequen- 
ces, all five MRE homologues from the mMTI promoter, includ- . 
ing an extended version of MRE-a’ (Fig. 1b), were syatieste® 
and tested for regulatory activity when inserted into the 
of the HSV tk gene. Because MT Promote 
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Fig. 2 a, Analysis of MRE function in a dis- @ 
rupted tk promoter. À diagram of the HSV tk 
double linker-scanning mutant into which the 
MRE sequences were inserted is shown at the 
top. The gene was formed by recombining LS — 
105/-95 with LS —42/—32 at the EcoRI site 
within the tk promoter!” Solid bars indicate 
the positions of:the two BamHI] linkers disrupt- a’ a’ 
ing the wild-type promoter. Open bars represent 

tk sequence with the direction of transcription a : 
indicated by the arrow. Lines above the tk pro- “i b 
moter indicate the normal positions of the 

proximal and distal G+ C-rich tk promoter ele- 2’ c 
ments; the latter is disrupted by a Bam HI linker. 

The position of the TATA box 1s indicated by a' d 
‘T’ and the normal start site for transcription 

as indicated by ~‘+1'. All constructs are 
maintained in a pBR322-derived vector (dashed 

line) in which the Poull/ HindIII tk gene frag- 
ment is inserted between the corresponding 

sites in the plasmid. The identities and orienta- 

tions of the MRE sequences inserted into the 

tk promoter are shown below the promoter and 

to the left. Synthetic DNA insertions were 
accomplished using the procedures described’. 
Relative expression measured by transient 
transfection of these constructs into BHK cells 

(see below) is shown to the nght. Open bars b 
represent Zn-induced activities; solid bars are 
uninduced activities Each value represents the 
average of three or more independent measure- 
‘ments with the standard deviations indicated. 
The results obtained with LS —119/—109, a tk 
mutant with wild-type expression levels'®, are 
also shown for comparison (wt tk). b, Analysis a 
of MRE function ın a truncated tk promoter 
The diagram of the gene is the same as in a 
except that the tk promoter sequences upstream 
of the EcoRI site (including MRE-a’) are no 


EcoRI 


~ 


longer present. The relative expression do d 
exhibited by this series of constructs is presen- ee 
ted in the same format as in a. do g 
Methods. Transfection assays were performed 

essentially as described elsewhere’, with some : 3 
modifications. Duplicate cultures of subcon- h h 
fuent BHK celis in 6-cm plates were treated ee 

Ww 


for 6-8 h with 0.4 ml of a 1-ml calcium phos- 
phate precipitate containing 5g MRE test. 
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plasmid (4.0 kilobases), 5 pg pMT-fgal reference plasmid? (14.5 kilobases) and 10 pg herring sperm DNA in the presence of 0.1 mM 
chloroquine. The cells were then rinsed with saline and incubated overnight at 37 °C in normal media (Dulbecco’s modified Eagle’ s medium + 10% 
` fetal calf serum). 24h after transfection, the media were changed and 120 uM zinc sulphate was added to one of each pair of cultures. After 
18-22 h, the cultures were collected by scraping the cells into 0.2 ml homogenization buffer, sonicating, centrifuging for 10 min in a microfuge 
and freezing the supernatant at —70 °C. Thymidine kinase and 8-galactosidase activities were determined from a 27-pl assay mixture containing 
15 pl assay buffer and 12 ul cell extract (diluted when necessary with homogenization buffer) as described elsewhere’. 8-Galactosidase values 
provided an internal control for variability i in the transfection procedure. The values for relative expression of the test promoters have been 
normalized relative to the expression of the MT-Bgal reference gene. This normalization step compares uninduced test promoters with the 
uninduced MT promoter, and zinc-induced test promoters with the induced MT promoter. The two sets of data are related using-the mean 
induction of the MT promoter (17.8-foid). Use of the MT- gal as an internal control reduces the standard deviations of the values obtained 


for relative expression. 
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MRE-like sequences, and because we have shown a requirement 
for at least two MREs to obtain significant induction when 
assayed in baby hamster kidney (BHK) cells’, we initially tested 
a series of constructions in which two copies of the MRE 
homologue to be tested were inserted as an inverted repeat into 
the proximal BamHI site of a double linker-scanning mutant 
of the tk gene (see Fig. 2a). In addition, the previously defined 
MRE (MRE-a’) was inserted into the distal BamHI site. We 
reasoned that the presence of three MRE sequences, one of 
which was known to be functional, would allow partially respon- 
sive MREs to be more easily identified. 

Gene expression in the presence and absence of heavy metal 
was evaluated after transient expression in BHK cells using the 
procedures outlined previously’ and described briefly in Fig. 2 
legend. Because most transcripts initiate at the normal cap site 
in this system (ref. 9 and our unpublished results), the messenger 


RNAs produced from the different transfected genes will be 
identical, and so the relative transcriptional rates from the 
different promoters should be accurately reflected in the relative. 
accumulation of TK activity. The TK activity assay is very 
sensitive, allowing accurate quantitation of activity from even 
the weakest promoters. Each construct was tested in at least 
three separate experiments, and a reference gene was co-trans- 
fected with each test plasmid as an internal control (seg Fig. 2 
legend for details). 

Figure 2a shows the relative expression of these constructs 
in the presence and absence of 120 uM zinc (Zn), Since the 
distal G+ C-rich promoter element of the tk gene is disrupted 
by the distal BamHI linker and MRE-a’ inserts in these con- 
structs, expression in the absence of heavy metal was low relative 
to that of a wild-type tk gene. The insertion of two additional 
MREs into the proximal BamHI site generally caused further 


830 


Fig. 3 Modelling the wild-type mMTI pro- 
moter response with synthetic MRE sequences. 
A diagram of a 5’ deletion of the MK fusion 
` gene is shown at the top. The construction of 
this deletion mutant is described 1n ref. 1. Open 
bar, tk gene sequence; stippled bar, mMTI 
sequence; dashed lines; pBR322 vector 
sequence. The position of the TATA box is 
indicated by ‘T’ and the normal start site for d 
transcription by ‘+1’. Vanous MRE sequences 


ee ee ey tee neh cite 


inserted into the BamHI site (solid bar) ae a 
defining the end point of the deletion are shown da’ 

k aaa 
below the gene and to the left. AIl inserts were 
placed ın tandem and in the same orientation ai d 28 a’ a’ 


in which they appear in the wild-type mMTI 


promoter. Relative expression is presented as ¢ @ 9 @ 2 @ 


in Fig. 2. Corresponding values for the unde- 
leted gene (MK) and a wild-type tk gene 


(wt. tk) are also indicated. wt TK 


reductions in uninduced expression. These results are consistent 
with the observed effects of spacing on tk promoter element 
function’? 
this configuration allowed a five to sixfold increase in TK activity 
after Zn treatment. However, replacing the downstream inverted 
repeat with an extended version of this sequence (MRE-a) 
produced an eightfold induction. This suggests that the four 
additional nucleotides at the 3’ end of this sequence contribute 
to MRE activity, although the increased size of the insert may 
also have affected induction indirectly by changing the spacing 
between MREs or their positions relative to other promoter 
sequences. Both MRE-b and MRE-c also exhibited clearly sig- 
nificant metal regulatory activities. In contrast, the construct 
containing MRE-e responded poorly to Zn treatment. Hence, 
it is possible that some of the MRE homologues shown in Fig. 
la have diverged into inactive forms or only resemble functional 
MREs. Alternatively, the MRE-e sequence may function in a 
wild-type mMTI promoter but not in our rearranged tk pro- 
moter, where the number and/or placement of promoter ele- 
ments could be suboptimal. Another possibility is that the wild- 
type mMTI promoter on the co-transfected pMT-B gal reference 
plasmid competes for limiting quantities of a diffusible regula- 
tory factor, such that a weak regulatory element would appear 
non-functional. Competition between MT promoters has been 
observed by Seguin et al.''; however, they noted a requirement 
for high concentrations of competitor DNA and used a Simian 
virus 40 (SV40) replicating vector system. We have not observed 
improved regulation of weakly inducing promoters transfected 
in the absence of the MT--B-galactosidase (MT-fgal) gene, 

and consider it unlikely that diffusible regulatory factors are 
limiting in our assay. 

In addition to the mMTI MRE homologues, we tested a 
synthetic version of the downstream hMTIIA metal regulatory 
sequence proposed by Karin et alë (MRE-h, Fig. 1b). This 
sequence overlaps only the 3’ end of AMTITA homologue b 
shown in Fig. la. The sequence appeared to be unresponsive 
to heavy metals (Fig. 2). We conclude that the extent of 
homology of this sequence with our consensus is insufficient for 
regulatory activity. 

Surprisingly, two copies of MRE-d allowed a 20-fold increase 
in TK activity in the absence of heavy metal (Fig. 2a). Asequence 
at the 3’ end of this element (ACTCCGCCCA) shows a perfect 
match with sequences in the 21-bp repeats of SV40 and a 9 out 
of 10bp match with a sequence in the distal G+C-rich tk 
promoter element (ACCCCGCCCA). Both the SV40 and tk 
sequences are involved in the binding of the transcription factor 
Spl (ref. 12 and K. Jones and R. Tjian, personal communica- 
tion). Furthermore, Sp] has recently béen shown to ‘footprint’ 
several sequences within the hMTIA gene (W. Lee and M. Karin, 
personal communication). Hence, it seems possible that the 
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metal-independent activity of MRE-d results from its interaction 
with Sp1 or its equivalent in BHK cells. 

Although MRE-d seems to respond slightly to the presence 
of heavy metals, the 1.4-fold induction observed is less than the 
barely significant 1.5-fold induction of the control construction 
containing only MRE-a’ in the upstream position (Fig. 2a). To 
test whether MRE-d and the other MREs were capable of 
sustaining an independent response to metals in the absence of 
MRE-a’, we also tested a series of genes lacking the distal MRE. 
These were made from the previous series by deleting the pro- 
moter sequences upstream of the EcoRI site ın the tk promoter. 
As shown in Fig. 26, the loss of the upstream promoter sequences 
reduced both induced and uninduced levels of expression; 
however, the induction ratios observed with MRE-a, MRE-b 
and MRE-c (about 13-fold, 3-fold and 10-fold, respectively) 
were similar to those obtained with the previous series of con- 
structions. As expected, the gene lacking any MRE insert was 


unresponsive to heavy metal. Similarly, genes containing MRE-e 


or MRE-h inserts showed no induction. Although MRE-d again 
appeared to have slight regulatory activity on its own, the 
observed induction was equivalent to the experimental error. 
The A residue representing the 3’ end of the Sp1 binding site 
homology of MRE-d is actually derived from the BglII site 
engineered onto the end of this synthetic sequence; the wild-type 
mMTI promoter sequence contains a G residue at this position. 
It was therefore unclear whether the wild-type sequence also 
acts as a metal-independent promoter element. To answer this 
question, we tested a modified version of MRE-d in which a G 
residue was inserted between the last A of the Spl homology 
and the preceding C (MRE-d’, Fig. 1b). This change extends 
the homology with the corresponding mMTI promoter sequence 
by two additional nucleotides. When present as an inverted 
repeat in the deleted tk promoter construct, the modified 
sequence exhibited little or no basal activity, but allowed a 
20-fold induction (Fig. 25). Hence, a single base insertion con- 
verted the apparently metal-independent promoter activity of 


_ MRE-d into a metal-dependent promoter activity. This effect is 


correlated with the disruption of the Sp1 binding site homology. 
Since this change does not affect sequence homologous to other 
metal-responsive elements, it seems likely that the synthetic 
MRE-d contains two transcription factor binding sites. Competi- 
tion between an Spi-like protein and a metal-responsive tran- 
scription factor for overlapping binding sites may be responsible 
for the poor induction observed with constructs containing 
MRE-d. 

The availability of synthetic sequences providing inducible 
and basal promoter element functions prompted us to attempt 
to model the expression and regulation obtained with a wild-type 
promoter. For these experiments, we used a mMTI/tk fusion 
gene (MK) in which mMTT promoter sequences were joined 


I 


i 
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to tk coding sequences at a convenient Bglll site located within 


: . the untranslated leader region of both genes. As demonstrated 


previously’, this construct was highly inducible whereas a 5’: 
deletion mutant extending to sequence position —42 (S'A—42) 


gave a low, uninducible level of TK activity (Fig. 3). The inser, - 


tion of three copies of MRE-a’ into the BamHI site defining: 
the end point of the deletion reconstituted a five-fold response 
to heavy metal. The addition of one MRE-d sequence immedi- 
ately upstream of these three elements approximately doubled 
the expression of tk activity in both the presence and absence 
of Zn. Although MRE-d may have some capacity to respond to 
heavy metals, this relatively large increase in the induced level 
of expression could also result from the demonstrated ability 
of MRE-a’ to interact with basal promoter elements’. The pres- 
ence of an additional MRE-a' upstream of MRE-d in the latter 
construction caused only a slight increase in inducibility. 
However, the subsequent insertion of another copy of MRE-d 
increased both induced and uninduced expression, allowing an 
induced level.of tk activity roughly equivalent to 70% of that, 


‘obtained with a wild-type promoter. Although the induction 


observed with these model genes was slightly less than that 
observed with a wild-type promoter, it appears that both basal 
and metal-induced expression from a wild-type promoter may 
be accounted for by the action of two classes of promoter 
elements interacting with the mMTI “TATA box’ region. These 
results also demonstrate that promoter strength may be directly 
modulated by changing the copy ees of individual promoter 
elements. 

We have uséd synthetic sifeonudleotider to test the function 
of specific MRE sequences found within the mMTI promoter. 
We have shown that four of the five MREs we recognized 


. previously are individually able to confer metal responsiveness 


to the tk promoter when present as dimers. A comparison of 
the metal-responsive homologues suggests that the heptanucleo- 
tide TGCRCYC (R=purine, Y=pyrimidine) constitutes the 
core of a metal-dependent promoter element, which may be the 
recognition sequence for a metal-dependent transcription factor. , 
This sequence closely resembles the nearly invariant consensus — 
sequence TGCRCNC derived in Fig: 1a. It is noteworthy that 
this conserved minimal MRE sequence is small, and thus would 
be expected to occur frequently in the genome just by chance: 
The fact that relatively few genes are inducible by heavy metals 
can be attributed to the observed requirement for clustering ‘of 


, two or more such sequences Within a promoter region in order 
` to obtain a response “to heavy metals’, The theme of multiple 


copies of relatively small functional sequences appears to be 
common among eukaryotic promoters ' and enhancers’ 
Although instances in which enhancer function ‘is gerierated’ by“ 
duplication’ of a sequence present only once in the wild-type 
lead one to question the biological relevance of the single copy'® 
the fact that multiple related MRE sequences are found within 
MT promoters justifies our approach of examining the activity ` 


. of duplicated elements. ’ 


‘ We have also shown that ‘the metal-indepenident promoter 
activity exhibited by one of our syntheti¢ sequences is correlated 
with the presence of a strong Sp1 binding site homology within 
this sequence. Although the activity of this sequence apparently 
resulted from thé chance juxtaposition of a.partial Sp1 binding | 
site homology found within the mMTI promoter and a synthetic 
BglII site, this finding may still be relevant to mMTI promoter 
fonction. One possibility is that metal-dependent regulatory 
factors enhance the binding or activity of other transcription 
factors-such as Spl, a Suggestion strengthened by our previous 
observations of cooperative’ interactions between MREs and tk 
promoter elements’, and by the recent discovery of multiple Spi 


binding sites in the hMTIA gene promoter (W. Lee and-M. 


Karin, personal communication). In addition to the observation 
that MREs and Spl binding sites coexist within MT gene 
promoters, we-also note that many of the MRE homologues in 
Fig. 1a contain a’6-or 7 out of. 8 bp match with the Sp1 binding 
site consensus sequence, (C/T)CCGCCC(C/A) (K. Jones and 
R. Tjian: personal communication). This partial homology raises 


` 
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the possibility that these two recognition sequences hare a 
common evolutionary origin. 

‘Our experiences have shown that the multiplicity of sramote 
elements and their- potential to interact can hamper the interpre- 
tation of simiple promoter mutant studies. The use of synthetic 
oligonucleotides to verify promoter sequence functions allows 
a complete dissection and definitive analysis of complex, pro- 
moters. The identification of promoter elements with specific 
functions will eventually allow the production of synthetic pro- 
motérs with designed responses to various environmental - or 
developmental signals. . 

We thank Steve McKnight and Bob Kingsbury for providing 
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Errata. - 
Lymphokine dependence of i» vivo expression of 


MHC class II antigens by endothelium 


G.. Groenewegen, W. A. Buurman & C; J. van der Linden 
Nature 316, 361-363 (1985) 

IN the fifth line of the fourth paragraph, the drug concentration 
of cyclosporin A should be 0.2 and 0.4 mg E; 


Birth of the maser and laser 


Nature 31b, 307-309 (1985) 
IN Professor Alfred.Kastler’s review of Bertolotti ’s book Masers 
and Lasers,,two,of the references are in error. The paper by 
Einstein, A. (1917) “Zur Quantentheorie der Strahlung” appears 
in Physikalische Zeitschrift 18, 121- -128 (1917) not Z. Phys.; and 
the paper by Boulouch, R. “ Dédoublement des Franges D’ Inter- 
férence en lumière naturelle? appears in Journal de Physique 
Theorique et Appliquée 2 (3rd Ser.) 316-320 ( 1893), not J. Phys. 


r 


Regulatory’ elements controlling chorion . pene 
expression are conserved between flies and moths 
S. A. Mitsialis & F.C. Kafatos . |. ` a 
Nature 317, 453-456 (1985) 


THE, words on the cover of the 3 October | issue should have 
read “Moth genes into flies” and not vice versa. 


- 


Corrigendum > 


Amino-acid sequence of a Ca. + Mg?*-dependent 
ATPase from rabbit muscle sarcoplasmic ~ 
reticulum, deduced from its ene 
DNA sequence ` 


D. H. MacLennan, C. J. Brandl, E B. Kavit &N. M. Green 


' Nature 316, 696-700 (1985) | 


ON page -697, the M, of the ATPase should be correctéd to 
109,529; that of fragment’ Ay to 22,089; fragment A, to 33 ,423; 
ang fragment B to 54; 3053. 
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